
Proc. Fla. State Hort. Soc. 98:53-56. 1985. 

EFFECTS OF NITROGEN AND POTASSIUM FERTILIZATION ON 

WINTER INJURY OF CITRUS TREES 

R. C. J. Koo 

University of Florida 

Institute of Food and Agricultural Sciences 

Citrus Research and Education Center 

700 Experiment Station Road 

Lake Alfred, FL 33850 

Additional index words, leaf N, leaf K, leaf damage, wood 

damage. 

Abstract. Tree damage was evaluated in several fertilizer ex 

periments following the freezes of 1962, 1983 and 1985. 

Methods used in the evaluation included visual ratings of leaf 

damage, emergence of new leaves after freeze, fruit drop 

and wood damage. Leaf analysis was used as an expression 

of the nutritional status of the trees. Tree damage was more 

extensive when nitrogen (N) and potassium (K) levels were 

in the deficient ranges. In general, trees fertilized with high 

rates of N tended to be more resistant to freeze injury. Trees 

fertilized with high rates of K had a small but consistent 

tendency to be less cold resistant. The importance of using 

leaf analysis to maintain a balanced nutritional program 

from the standpoint of cold tolerance is discussed. 

While freeze damage to Florida citrus is well-doc 

umented, little information is available relating cultural 

practices to cold tolerance of citrus. The unpredictable oc 

currence of damaging freezes makes it difficult to conduct 

experiments primarily for the purpose of gathering infor 

mation on cold resistance. The meager published informa 

tion is based on damage observed in experimental plan 

tings that happened to be in existence at the time of the 

freezes. Much of the general knowledge on cold-hazard is 

based on long-time grower experience. Krezdorn and 

Martsolf (7), in a review of the effects of cultural practices 

on cold tolerance, stated that the bulk of the evidence indi 

cates freeze damage is not influenced by mineral nutrition 

as long as the trees are not deficient in any mineral ele 

ment. 

Certain nutritional effects on the amount of cold dam 

age have been reported. Lawless (8) reported nutritional 

deficiencies, particularly those of magnesium and copper, 

markedly increased the susceptibility of the trees to cold 

(8). Late applications of nitrogen may cause excessive 

growth and delay the development of winter dormancy 

thereby reducing cold hardiness and should be avoided 

(2). Spencer (10) found that trees receiving large quantities 

of phosphate were more severely injured by cold tempera 

tures than trees not receiving phosphate before a freeze. 

Smith and Rasmussen (9) observed some 4000 trees in sev 

eral fertility experiments and concluded that the nutrient 

status of trees above deficiency levels had only a slight ef 

fect on cold tolerance. Their studies showed that high rates 

of N fertilization had a small but definite tendency to in 

crease the resistance of the tree to freeze injury. High rates 
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of potash (K) had a small but definite tendency to reduce 

the cold resistance of the tree. 

This paper summarizes observations of tree damage 

from several N and K experiments following the freezes 

of 1962, 1983 and 1985. 

Materials and Methods 

Data were collected from 5 long-term N and K experi 

ments following the freezes of 1962, 1983 and 1985. These 

experiments were conducted on Astatula fine sand at the 

Citrus Research and Education Center (CREC), and its 

Davenport grove near Lake Alfred in central Florida. The 

trees were 20 to 25 yr of age when the freezes occurred. 

Treatments, experimental design, cultivars and rootstocks 

of the 5 experiments are summarized in Table 1. Treat 

ments in Expt. 1 to 4 involved not only N and K but other 

variables as well. Experiment 5 was a potash rate experi 

ment. Details of the design and treatments of Expt. 1, 2 

and 5 have been published and will not be repeated (1,3,6). 

Expt. 3 was a N source, rate and timing study on 'Valencia' 

orange. Expt. 4 was a N-P-K rate study on 'Temple' 

orange. 

In Expt. 1 to 4, the trees were rated for leaf damage 3 

and 12 weeks after the 1983 and 1985 freezes. A rating of 

0 to 10 was used with 0 being no damage and 10 meaning 

100% leaf damage. All the leaves were damaged after the 

1985 freeze. Trees were rated on the basis of new leaf 

emergence and calculated as percentage of damaged 

leaves. Thus, if a tree had 20% new leaf emergence, it was 

considered as 80% leaf damage. Because of the large vol 

ume of data collected, only the main effects of the treat 

ments are reported. 

In Expt. 5, fruit was examined within 3 weeks after the 

1962 freeze by cutting the fruit 3A to 1 inch from the stem 

end. Damaged wood was pruned and the diameter of the 

cuts was measured 6 months after the freeze. 

Nutrient content of four- to five-month-old spring 

flush leaves from non-fruiting twigs collected several 

months prior to the freezes were used to express the N 

and K status of the trees. Statistical interpretations were 

calculated from all measurements where appropriate. 

Results and Discussion 

Experiments 1 to 4 involve N treatments. The data 

showed N rates played a significant part in the level of tree 

damage sustained in both the Dec. 1983 and Jan. 1985 

freezes with trees receiving high N rates showing less 

foliage damage (Table 2). The differences were significant 

in all 4 experiments where N rates were involved. In gen 

eral, leaf damage was more extensive in the 1985 than the 

1983 freeze, probably due to lower temperatures and 

longer durations. Leaf samples were collected from all ex 

periments 4 to 5 months prior to the 1983 and 1985 

freezes. Leaf N content gave a good indication of N treat 

ments. Significant correlations were found between leaf N 
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Freeze damage data from the irrigation treatments in 

the current study are contrary to that reported from the 

1977 and 1981 freezes (4). Irrigation treatments resulted 

in less leaf, fruit and wood damage than the no irrigation 

control from the 1977 and 1981 freezes. These differences 

perhaps could be partially explained by the climatic condi 

tions prior to the freezes. The annual rainfall for 1976, 

1980 and 1983 was 51, 42 and 63 inches, respectively. The 

1983 rainfall was 11 and 19 inches more than the 1976 and 

1980 rainfall, which may have depleted the nutrient 

supplies in the soil. This was evidenced by a wider leaf N 

range in the 1983 irrigation treatments (2.52 to 2.79%) 

than in other years. The 1983 fruit production was 4.6 

boxes per tree for the no irrigation control and 6.5 and 7.0 

boxes per tree for the 2 irrigation treatments. It is possible 

that the irrigated trees treatments were in a N-stressed 

condition, compared to the non-irrigated control trees due 

to the depleted nutrient supply and heavy fruit load. 

Phosphorus (P) treatments in Expt. 4 resulted in a 

lower percentage of damaged leaves with the data being 

significant in 1985 but not 1983. These trends do not ap 

pear to be related to leaf N or leaf P content (data not 

shown). 

Data show that N and K fertilizer practices influenced 

the ability of citrus trees to withstand cold with a clearcut 

tendency for high N to reduce cold damage of foliage. 

The trend was consistent in all 4 experiments for both 

freezes. High K, on the other hand, tended to increase the 

cold susceptibility of foliage. These findings are in contrast 

to the long-established belief that K has a hardening effect 

on citrus trees making them less susceptible to cold injury, 

while high N increases the susceptibility to cold injury (2). 

Our findings for the 1983 and 1985 freezes are in agree 

ment with results reported by Smith and Rasmussen (9). 

It should be emphasized that tree damage evaluation 

after each freeze is influenced by the accumulated effects 

of climatic and other environmental conditions including 

cultural practices prior to the onset of weather condition. 

This may explain the inconsistencies in results observed 

following different freezes. Yelenosky et al. (12) attributed 

the nonhardening temperatures prior to the freeze as a 

major factor determining freeze damage in 1983. That 

year was also one of higher than normal rainfall (64.14 

inches) which may have depleted the nutrient supply in 

the soil. This was reflected in the relatively low leaf N con 

tent that year and it may partially explain the positive re 

sponse of the trees to high rates of N application. 

Stress from fruit crop on the tree could be one of the 

leading factors in influencing the cold resistance of the 

tree (11). This was demonstrated in tree spacing treat 

ments in Expt. 1 (Table 5) and the irrigation treatments in 

Expt. 2 (Table 5). In both experiments, trees with higher 

fruit production had more leaf damage from the 1983 

freeze than trees with lower fruit production. However, 

the size of the fruit crop did not seem to be a factor in the 

cold resistance of the tree from N and K treatments, at 

least not within the confines of these experiments (Tables 

2 and 3). In general, higher N and K treatments resulted 

in higher fruit production and less leaf damage than trees 

from lower N treatments. This would indicate the impor 

tance of maintaining a healthy tree with a balanced fer 

tilizer program. 

Leaf analysis, notably N and K levels, are useful indices 

of the health and vigor of citrus trees. The present recom 

mendations of maintaining optimum ranges of leaf N (2.5 

to 2.7%) and K (1.2 to 1.7%) are based on those for tree 

health and fruit production (5). The present study shows 

these levels can also be used for maximizing freeze toler 

ance. There was more foliage damage when leaf N content 

was below 2.5% and less damage between 2.5 to 2.8%. 

Potassium levels below 1.2% resulted in more wood dam 

age and levels above 1.7% showed more leaf damage than 

the optimum range of 1.2 to 1.7%. Leaf analysis is a useful 

tool in reflecting the mineral nutritional status and the 

health of the tree. A healthy tree will tolerate cold better 

than a less healthy tree. Annual leaf samplings for mineral 

analysis are usually collected in the summer which would 

provide sufficient time for corrective nutritional measures 

to be taken if needed. 
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