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Tipburn is a widespread physiological disorder of cabbage and 

lettuce, caused by calcium deficiency. Symptoms of tipburn are 

necrosis on margins of outer and inner head leaves in lettuce, 

whereas in cabbage it is only on margins of inner leaves. Tipburn 

on outer leaves may develop early, but symptoms remain the same until 

harvest. Tipburn is more serious when it occurs on the inner leaves 

as heads approach maturity. 

In search of tipburn control, foliar calcium (Ca(N03)2 and 

CaClp) sprays were applied to the entire leaves to increase calcium 

content, and foliar Folicote antitranspirant spray was applied to 

outer frame leaves to reduce transpiration, stimulate root pressure 

flow and increase movement of calcium to inner leaves. 



Foliar sprays of antitranspirant, calcium, and combined sprays 

of antitranspirant and calcium resulted in a degree of tipburn 

control and in an increase in calcium content of inner leaves, but 

failed to adequately control tipburn. Most effective was a com- 

bined spray of antitranspirant and CaClp. next were CaCK, combined 

spray of antitranspirant and Ca(N0-,), then antitranspirant alone 

and least effective was Ca(N0o)2' 

Foliar sprays of antitranspirant, calcium, and combined sprays 

of antitranspirant and calcium resulted in slightly higher head 

temperatures in cabbage and lettuce, and a tendency to increase 

uptake of some mineral elements such as K, P, Mg, and B. 
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The Influence of Antitranspirant and Calcium Sprays 

on Calcium Distribution and Tipburn in 

Cabbage (Brassica oleracea var. capitata) 

and Lettuce (Lactuca sativa L.) 

INTRODUCTION 

Tipburn is a widespread physiological disorder of cabbage and 

lettuce, which occurs in nearly all of the producing areas in the 

United States, in both field and greenhouse. Tipburn is also a 

serious disease in tropical and subtropical areas. 

Tipburn is of nonparasitic origin, not caused by a virus, 

bacterium, fungus or insect (11, 103, 111, 136, 140); demonstrated 

by the fact that the disease can not be transmitted in the tissues 

(128, 136). 

Many factors affect the development of the disorder, these 

include humidity (13, 74, 98, 106, 128, 129, 130, 140, 141), 

temperature (3, 23, 24, 98, 128, 129, 143), intensity and duration 

of light (20, 24, 118, 120, 127, 128, 129, 131), transpiration rate 

(3, 10, 21, 22, 40, 71, 72, 74, 99, 108, 122, 126, 134, 137, 141), 

soil moisture (3, 4, 8, 12, 18, 20, 74, 85, 103, 134, 136, 139, 140), 

mineral imbalance (7, 74, 80, 92, 99, 108, 117, 120, 121, 123, 127, 

128), excess nitrogen (7, 55, 101, 105, 113, 119, 120. 136), and 

plant growth (22, 24, 26, 99, 104, 106, 112, 127). 

Cabbage and lettuce tipburn may be considered typical of growing 

point disorders where calcium deficiency occurs as the leaf emerges 



from the growing point. Tipburn may also occur later when the head 

is developing (92). Tipburn is more serious when it occurs on 

internal leaves as the head approaches maturity. 

In one series of experiments, initial symptoms of tipburn 

were small, dark-brown spots along the margins of the outer head 

leaves in lettuce (but not in cabbage). These spots later coalesced, 

and the entire margin became brown and necrotic, then it occurred on 

the internal leaves of the head as maturity approached (104). 

Internally, the dark-brown necrotic areas have an unappetizing 

appearance. These limit sal ability of heads and cause a great 

problem for both farmer and consumer, as symptoms can not be seen 

without cutting and tearing the heads apart. The internal necrotic 

areas are ideal sites for secondary infections by bacterial and/or 

fungal rotting microorganisms which often cause a watery break-down 

of the tissue commonly known as slime (128, 140). Usually only a 

few leaves of the head are affected with tipburn, but this can 

cause the entire head to become very quickly unsalable during the 

period of maturity. Entire fields may be ruined by the disease 

during a few days of warm weather. 

Thermohlen and Van De Hoeven (126) described four different 

tipburn symptoms. These are normal, marginal, veinal and latex 

tipburn. The different forms are often difficult to distinguish 

in the field, except for marginal tipburn, which is a marginal leaf 

scorch occurring in older frame leaves at maturity. The rest all 

have similar characteristics in their advanced state. Symptoms in 

greenhouse grown plants are usually much easier to distinguish (23). 



Tipburn disorder occurs in many horticultural crops, other than 

lettuce and cabbage. Chinese cabbage (Brassica chinensis) (74), 

brussels sprouts (Brassica oleracea var. gemmifera) (27), chicory 

(Cichorium intybus) (138), escarole (Cichorium endivia) (90), 

celery (Apium graveolens) (53), and potatoes (Solanum tuberosum) 

(83) are also affected. Crops with laticifers in their tissues are 

lettuce, chicory and escarole, others do not have laticifers. 

There is no good control of this disorder in the field; some 

researchers, however, have significantly increased our understanding 

of the disease. Tibbitts et al. (130, 132) and Olson (106) have 

found a relationship between laticifers and lettuce tipburn. They 

identify the cause of necrotic symptoms along leaf margins as a 

rupture of laticifers and release of latex into surrounding 

parenchyma cells resulting in cell collapse and necrosis. Ashkar 

and Ries (7) reported convincing experimental evidence that calcium 

metabolism of the plant under conditions of limited calcium 

availability, as affected by some environmental conditions, may be 

influential in producing tipburn. 

Agricultural scientists studying the problems of calcium on 

tipburn of cabbage and lettuce in greenhouse, consider calcium 

deficiency in plant tissues as the most important factor (7, 73, 

74, 86, 92, 99, 108, 117, 120, 121, 123, 127, 128). Some obtained 

complete or partial control by foliar calcium sprays in greenhouse 

or growth chamber (22, 74, 127), but none obtained control of tip- 

burn on cabbage and lettuce in the field (68, 136), probably because 

it is more difficult to control field environmental conditions. 



Comparison was made of calcium content of healthy and tip- 

burned tissue. The former had more than the latter (99). Total 

calcium in heads of tolerant lettuce cultivars was greater than 

that in susceptible cultivars (99). Moreover, calcium is an 

immobile element (19, 41, 114). This property reduces availability 

and transport of calcium in the plant. 

The purpose of this study is to use foliar calcium sprays 

in order to increase calcium content, and foliar antitranspirant 

sprays on frame leaves of cabbage and lettuce plants to reduce 

uptake in these treated leaves, increase root pressure flow and 

shift calcium from outer to inner leaves. The use of antitrans- 

pirant in this manner has not been reported in the literature. 



LITERATURE REVIEW 

Antitranspirants 

Use of antitranspirants 

Antitranspirants are chemicals applied to foliage to reduce 

water losses from transpiration (2, 29, 31, 32, 36, 37, 39, 52, 59, 

69, 78, 87, 89, 93, 110), slow water depletion from soil (36, 52, 

79, 80, 133), reduce gas exchanges (29, 32), reduce photosynthesis 

(29, 31, 32, 33, 37, 52, 89), reduce plant growth (29, 31, 32, 37, 

52, 135), but increase yield of grain (1, 46, 109), increase yield 

of fruit (33, 34, 37, 38, 51), and tubers of potato (79). 

Antitranspirants are normally supplied as liquid concentrates 

to be diluted in water. They are usually applied as sprays on a 

small scale by hand spray gun or aerosol propel!ant, and on a 

larger scale by mist blower or field sprayer (31). Antitranspirants 

are usually foliar sprays, but may sometimes be used more conven- 

iently as dips for immersing above-ground plant parts (28, 29). It 

is necessary to protect the root from the solution so as not to 

retard water uptake (29). 

Gross (54) defined antitranspirants as chemicals that can be 

applied to plants to either cause stomata to close or to plug 

stomata and thereby reduce diffusion of water. 

There are three types of antitranspirants: (A). Compounds that 

form a film over the stomata; (B). Chemicals that prevent complete 



stomatal opening; (C). Materials that reflect incoming radiation 

(29). Since stomata are portals for both loss of water vapor and 

intake of carbon dioxide, covering stomata or reducing their 

openings, curtails photosynthesis as well as water loss. 

The film-forming group of compounds are the most common (2, 

29, 31, 32, 36, 37, 39, 80, 87, 89, 133, —). These include 

waxes, oil emulsions, high alcohols, silicones, plastics, latexes, 

and resins etc. (29). There are many commercial products such as 

Folicote (Crystal Soap & Chemical Co., Lansdale, Pennsylvania), 

Wilt Pruf (Nursery Specialty Products, Division of J. A. Hartman 

Corp., Greenwich, Connecticut), CS-6432 (Chevron Chemical Co., 

Richmond, California), Mobileaf (Mobil Chemical Co., Richmond, 

Virginia), Clear Spray (W. A. Cleary Corp., New Brunswick, New 

Jersey), Vapor Sard (Miller Chemical & Fertilizer Co., Hanover, 

Pennsylvania), 74-A335 (Amchem Products Inc., Ambler, Pennsylvania). 

Others as Elvacet, Resin latex WC-130, Piyac, General Chemical 

Experimental Sticker, General Chemical Synthetic wax dispersion, 

Acetex 2700, Resyn 12-K-55, Dowax.222, Rhoplex B-15, Rhoplex AC-33, 

and Hercules AC-7356 etc.; were some of the first available 

products. 

Ideally, these materials should be cheap, nonpoisonous to 

plants and humans, resistant to breakdown, transparent to essential 

wave lengths of light, and should not interfere with photosynthesis 

and respiration. All known film materials however interfere with 

passage of carbon dioxide more than with water vapor. This 

suggests that photosynthesis or assimilation of carbon dioxide will 



be reduced more than transpiration or loss of water vapor. This 

does not always happen, however, possibly because foliage is 

incompletely covered by film or because there are interactions with 

certain environmental factors (29). 

Besides conserving water in soil and plant, film antitrans- 

pirants may also yield other benefits from their protective layer 

by reducing damage from insect (70), fungus (50), smog (52), salt 

spray and undesirable water uptake by fruits from rain or sprinkers 

(84). 

Effects of antitranspirants 

Effect of antitranspirants on reducing transpiration rate 

Foliar antitranspirants sprays may reduce rate of trans- 

piration in three ways: 1. Reflecting materials, reduce absorption 

of radiant energy and thereby reduce leaf temperatures and trans- 

piration; 2. Film-forming antitranspirants such as emulsions of 

wax, latex or plastics dry on foliage to form a thin transparent 

film, providing a physical barrier over some, if not all stomata. 

This hinders escape of water vapor from leaves and also reduces 

water loss through guttation. 3. Certain chemical compounds can 

prevent stomata from opening fully by affecting stomatal guard 

cells, decreasing loss of water vapor (31, 32, 37, 52). Film- 

forming and stomata-closing types tend to increase leaf temperature 

by reducing transpiration, but under normal conditions the increase 



in leaf temperature is not great (31). 

Davenport and others (32, 37) studied the effect of anti- 

transpirant on stomata of Vicia Fava and found that although anti- 

transpirant films curtailed transpiration from treated stomata, 

this increased leaf water potential, increasing turgidity of guard 

cells and resulting in wider stomatal apertures in untreated stomata. 

This counteractive effect produced a decrease in stomatal resistance 

to passage of water vapor on the uncovered portion of that leaf. 

Goss (54) and Meyer et al. (94) reported that over 90% of water 

lost is lost through the stomata. Theoretical analysis and experi- 

mental data in some reports indicate that stomata-closing anti- 

transpirants should cause reduction of transpiration rates (29, 31, 

37, 52). Albregts and Howard (2) found that Folicote and Vapor 

Sard antitranspirants suppressed transpiration rate in strawberry 

(Fragaria x Ananassa Duch); Folicote reduced water loss out of 

leaves by an average of 39% and by as much as 65%. Martin and Link 

(89) reported that Clear Spray and Wilt Pruf reduced water loss from 

plant leaves 8 and 11% respectively in greenhouse production of 

chrysanthemum (Chrysanthemum morifolium Ramat); other tests 

resulted in reduction of transpiration rate, such as in cherry, by 

spraying RD-9 (33); tomato, pepper, beans, grapevines and potato 

using Folicote spray (69, 79); sugar beet sprayed with CS-6432 

(37), and in cabbage, fat hen (Chenopodium album), and pigweed 

(Amaranthus SP) sprayed with 0.2% Semeron (Desmetryne) (110). 



Transpiration and mineral uptake and transport 

Reduction of transpiration rate does not only prevent loss of 

water from plant leaves, but may affect uptake and transport of 

minerals to plant shoots. Ions are absorbed by roots of intact 

plants and transferred to leaves. Their concentration may be 

considerably affected by the rate of transpiration (15, 16, 17, 

61, 62, 63, 75, 115, 142). Russell and Barber (116) concluded that 

ions can enter into the free space of cortical tissue of roots and 

be transferred to any plant tissues. At some sites external to 

vascular tissue, there is a barrier to free movement of ions. The 

transfer of ions across this barrier depends on expenditure of 

metabolic energy. Ion transfer from soil to plant tissues may under 

certain circumstances, be accelerated by increasing rate of 

transpiration. 

Transpiration expedites ion transport within the plant. 

Normal transpiration results in normal movement of nutrients in the 

plant. Reduction of transpiration rate should decrease or slow 

uptake and transport of nutrients from roots to plant tissues. 

Antitranspirants and gas exchanges 

Stomata are the common portals not only for loss of water 

vapor, but also for entry and departure of COp and Op (94). When 

open, stomata served as the principal pathways through which gas 

exchanges take place between intercellular spaces of the leaf and 
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surrounding atmosphere. When closed, gas exchanges between a leaf 

and its environment are greatly retarded. Gases of greatest 

physiological importance which enter or depart from a leaf 

principally through the stomata are 0^, CO^. Although stomata 

are the principal portals through which entry and escape of gases 

take place, it should not be overlooked that at least small quan- 

tities of gases pass directly through the epiderimis and cuticular 

layers of leaves (94). 

Leaf surfaces can be provided with a barrier by spraying 

antitranspirants to cover stomata (29, 32), epiderimis and 

cuticular layers to reduce CO^ and Op intake and escape (29, 32). 

Heath (56) reported that it is possible that wider stomatal 

apertures under the antitranspirant film may have been caused in 

part by low intercellular levels of C02 resulting from poor 

permeability of the film to CO^. Antitranspirants also affect Op 

entering and leaving plant leaves so as to affect plant respiration. 

Oxygen can also leave and enter the plant through other organs such 

as root, stem, flower and fruit (54). 

The transfer of ions across the root symplast to the vascular 

stele is an active process dependent on the release of energy 

through metabolic processes (54, 94, 116) related to photosynthesis 

and respiration as affected by CO^ and O2 (54, 94). Broyer and 

Hoagland (17) reported the transfer of nutrients to shoots is 

affected by both temperature and the supply of Oo in much the same 

way as in respiration. 

Plants need energy for various processes. The leaf is the 
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most important organ for gaseous exchanges needed in plant respira- 

tion. Film-forming antitranspirants should offer a good method of 

controlling gaseous exchanges for regulation of respiration and 

photosynthesis to modify plant growth. 

Effect of antitranspirants on plant photosynthesis 

Plant growth and yield are determined by the rates of photo- 

synthesis (39, 54, 94). Photosynthesis occurs in chloroplasts. 

Carbon dioxide, oxygen, light, water and temperature affect the 

rates of photosynthesis (39). Film-forming antitranspirants can 

provide a barrier on plant leaves to hinder CCL intake (29, 32), 

and Op intake and release (54) from atmosphere through stomata. 

Small quantities of gases pass directly through the epiderimis and 

cuticular layers of leaves (94), which would also be hindered by 

film-forming antitranspirants. (29, 32). 

Oxygen may be inhibitory to photosynthesis, because oxygen is 

a necessary component of respiration, a process that competes with 

photosynthesis for certain important intermediate compounds (39). 

Oxygen may also compete with carbon dioxide for hydrogen and become 

reduced in place of carbon dioxide (48). Coenzymes reduced photo- 

chemically, may contribute their hydrogen to oxygen rather than 

carbon dioxide, thus retarding photosynthesis (39). Oxygen is an 

effective quencher of the triplet state of chlorophyll, thus 

inhibiting photosynthesis (81). 

Gale and Hagen (52) reported that several investigations 
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showed that photosynthesis from individual leaves or plants was 

slowed by antitranspirants of the film-forming and stomate-closing 

types. Also, other investigators stated that photosynthesis would 

be slowed or reduced on individual leaf or plant by antitranspirants 

(29, 31, 32, 33, 37, 52, 89). 

Effects of antitranspirants on plant growth 

Antitranspirants should reduce plant growth when sprayed on 

leaves since they reduce transpiration rates, slowing or decreasing 

the gaseous exchanges, and photosynthesis. 

Reduced plant growth is not always disadvantageous. A film- 

forming antitranspirant sprayed on highway oleanders decreased 

maintenance and reduced hazard when sprayed after the oleanders had 

attained a height effective for screening headlight glare (31, 36), 

reduced vegetative growth but increase fruit growth (32, 33, 34, 

38, 45, 76, 77, 133), and improve transplant survial (35, 44). 

Growth reduction can result in an increase in concentration of 

calcium content in the plant (40). 

Film-forming antitranspirants may sometimes increase plant 

growth (49), fruit yield (33, 34, 37, 38, 51), growth and total 

grain yield (1, 46, 109) under dry condition. 
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-Calcium 

Calcium and tipburn 

Calcium is a component of cell walls and cell membranes. It 

is involved in protein synthesis, mitachondria formation, nitrate 

metabolism, carbohydrate metabolism and transport, cell division, 

and cell expansion (41, 114). 

When calcium deficiency occurs, some plants will develop 

tipburn (92). Tissues become necrotic along margins of outer and 

internal leaves in head lettuce (92, 121, 126, 128). Only internal 

leaves are affected in cabbage (104, 136). Fulton (47) stated that 

tipburn is due to death and break down of tissue not completely 

developed. Simon (121) reported that calcium deficiency renders 

membranes more permeable. This would account for a loss of turgor 

and permits cell fluids to leak into intercellular spaces. Tissue 

may desiccate yielding a dry, and somewhat extensive area of 

necrosis. 

Calcium is an immobile element (19, 41, 114, 121). Although 

outer green leaves may have high calcium content (74, 91, 99, 127, 

136, 141), calcium is not easily translocated to areas with lower 

calcium content in internal leaves. Demand for calcium has to be 

met by continuous uptake and transport to young leaves (9, 43). 

Environmental conditions affect calcium availability and will 

influence occurrence of tipburn (126). Deficiency symptoms are 

commonly expressed by younger leaves, shoots or root apices and 
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in developing fruit or storage organs (57, 114, 120, 121). 

Comparisons of calcium content, show that healthy tissue has 

higher content than diseased tissue (7, 86, 120, 127, 141). 

Susceptible cultivars have been found to have lower calcium content 

compared with more resistant cultivars (53, 90, 91, 99, 136, 138). 

For instance, Misaghi and Grogan (99) showed that inner susceptible 

leaves contained 0.4% calcium concentration while outer more 

resistant leaves in lettuce contained 0.8%. Wiebe et al. (141) 

reported that tipburn occurred in tissues of inner leaves with 

lowest calcium content having only 0.3%, while more resistant cap 

and outer leaves had 0.65% and 3-7% respectively in cabbage. Ashkar 

and Reis (7) found that calcium content of tipburned margin was 

0.72% and normal margin was 1.10% in lettuce. Maynard et al. (91) 

found that calcium in an internal tipburn resistant variety. Glory 

of Enkhuizen was 0.40% in head and 0.33% in a susceptible cabbage 

variety, Langedijker Autumn White. 

Sonneveld and Ende (123) studied the effects of various salts 

on tipburn of lettuce and found that salts such as NaCl, MgCl2, 

NaNO-, Na^SO., and NaHCO, caused or increased tipburn; KC1 did not 

increase tipburn, and CaClp prevented the disorder almost completely. 

Some reports (22, 73, 74, 91, 127) showed that tipburn of 

lettuce and cabbage can be completely or partly controlled when 

plants are grown in a green house or growth chamber and treated by 

application of foliar sprays of calcium nitrate and calcium chloride. 

Field studies have shown inconsistent results (68). 

Kruger (73) indicated that only foliar spray treatments 
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prevented occurrence of tipburn in lettuce. After head formation 

had commenced, foliar treatments ceased to be effective, as they 

could no longer be applied directly to the younger leaves. Jenkins 

(68) working with lettuce in the field, failed to control tipburn 

by the use of lime in the soil or calcium foliar sprays. 

Effects of environmental conditions on calcium related tipburn 

Environmental factors affect growth rates and transpiration 

rates, directly or indirectly affecting calcium uptake and avail- 

ability, and may contribute to an imbalance of calcium or calcium 

deficiency in many plants. Factors include temperature, humidity, 

light, soil moisture, carbon dioxide uptake, imbalance in mineral 

nutrients and nitrogen. 

1. Temperature. Tipburn in field-grown crop-s occurs in warm 

summer months as plants reach maturity (23), and is closely related 

to fluctuations in temperature (103) and high temperatures (24, 98, 

143). The effect of temperature on tipburn development appeared 

cumulative (98, 143). 

Low and high soil temperature increased tipburn. Tipburn was 

most severe when difference between maximum air and maximum soil 

temperature was greatest; it is believed that under such conditions 

water intake is too low to adequately replace water loss. The 

resulting water deficiency results in tipburn (4). 

The necrosis of tissues is not due to direct physical injury 
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by heat, the role of temperature in tipburn seems to be limited to 

its stimulating effect on the physiology of the plant. This 

disorder has often been observed to develop in the greenhouse at a 

temperature as low as 70oF (128). 

2. Humidity. High humidity favors development of tipburn 

(13, 74, 98, 130, 140), particularly high humidity combined with 

high temperatures (140). Thompson (128) found that greenhouse 

relative humidity is usually higher than outside and tipburn was 

found to be more severe in the greenhouse than in the field. 

Total calcium uptake is higher when humidity is low, because 

under high humidity, transpiration and calcium uptake will be low 

(141). Kuo et al. (74) also reported that low humidity may 

encourage high transpiration and result in preferental accumulation 

of calcium in outer leaves. 

Misaghi and Grogan (98) studied lettuce and indicated that 

relative humidity only slightly influenced tipburn development in 

mature heads. Significant tipburn incidence and severity in head 

lettuce was found only between the lowest relative humidity (33%) 

and the highest relative humidity (98%) conditions. 

Under high moisture and humid conditions rapidly photo- 

synthesizing plants would be expected to develop an increase in 

laticifer content due to an increase in water as well as latex. 

This increase results in pressures which appear to be manifested 

as laticifer as well as laticifer-parenchyma cell union bulges. 

Rupture of latex filled parenchyma cell, resulted in cell collapse 
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and necrosis of leaves, as reported by Olson et al. (106). 

3. Soil moisture. Generally, high soil moisture influences 

development of tipburn by increasing growth rates (12, 103, 128, 

129) in lettuce (20), and cabbage (136). Tipburn in greenhouse 

lettuce is more severe when soil moisture content is high (8). 

Thompson (128) found that a minimum of water greatly reduced 

susceptibility of plants to tipburn; while an excess of water 

produced lettuce plants readily injured by the disease. Some 

authors found that fluctuating soil moisture increases tipburn in 

lettuce (18, 85, 139, 140). 

Low soil water (3, 134) or high salt concentration will 

restrict water uptake, thereby limiting root pressure flow. 

4. Light. Light intensity and duration are related to 

incidence and severity of tipburn. Tipburn is increased by too 

much light (20, 24, 120, 127, 128). Shading reduced calcium- 

related bitter pit of apple (67), and blossom-end rot of tomato 

(107). Tipburn does not occur in lettuce under conditions of low 

light intensity or extended periods of darkness (127). 

Tibbitts and Rao (131) stated that severity of lettuce tipburn 

increased with increased light intensity and/or extended light 

duration and reported that high light levels provide the photosyn- 

thetic substrate for rapid or maximum growth rates and accumulation 

of latex within the plant which incites a rupture of laticifers, 

causing tipburn. 
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Thompson (128) noted that light is not the primary causal agent 

of lettuce tipburn as evidenced by frequent occurrence of injury on 

inner head leaves, not exposed.'to direct sunlight, without injury on 

more exposed leaves. 

5. Carbon dioxide. C0? is an important component in plant 

photosynthesis. High levels of atmospheric carbon dioxide encourage 

tipburn of lettuce (112). This may be due to an increased rate of 

photosynthesis which results in rapid growth so as to decrease 

calcium concentration. 

6. Imbalance in mineral nutrient and nitrogen. Nitrogen 

usually affects vegetative growth, excessive nitrogen fertilization 

results in occurrence of tipburn (101, 105, 120). Tipburn was 

easily induced by high NO, nutrition (7, 113). 
•j 

Most reports emphasize the role of calcium deficiency in tip- 

burn of cabbage, lettuce, and other crops. Some researchers stated 

that tipburn was related to boron (14, 143) and potassium (101). 

Crip et al. (27) and Yanagi (143) reported that tipburn in lettuce 

was caused by both calcium and boron deficiency. Struckmeyer and 

Tibbitts (125) found that tipburn symptom resemble more closely 

those observed in lettuce grown without boron than without calcium. 

Walker et al. (136), and Ashkar and Ries (7) found that the 

healthy marginal tissue was lower in potassium than tipburn tissue 

and potassium content was consistently higher in the inner head 

leaf margin than elsewhere in the head. 
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Transpiration effects on calcium uptake and transport 

Transpiration not only causes water loss from plant leaves, 

but affects uptake and transport of minerals to plant shoots (15, 

16, 17, 61, 62, 63, 75, 115, 116, 142). Many authors (15, 16, 17, 

61, 62, 63, 75, 115, 116) have demonstrated a positive correlation 

between ion absorption and transpiration rate. Salt absorption 

takes place passively and is under the influence of transpiration 

"pull". 

High air temperature, high light intensity and low humidity 

etc. (7, 74, 141) favor high transpiration and result in preferen- 

tial accumulation of calcium in outer leaves (74) and favor tipburn 

development in inner leaves (40, 72, 101, 137). On the other hand, 

high root pressure flow is required for adequate movement of calcium 

to inner leaves of Chinese cabbage (74), cabbage (107, 108) and 

lettuce (21) to prevent tipburn. 

Inhibiting transpiration from outer leaves increases root 

pressure (25, 40). Kuo et al. (74) studied tipburn in Chinese 

cabbage and found that uncovered plants had more transpiration in 

outer leaves which encouraged tipburn; covering plants increased 

root pressure and prevented tipburn. 

Palzkill et al. (108) found that cabbage plants which were 

enclosed by plastic bags to stop transpiration exhibited guttation 

with increased root pressure and accumulated significantly higher 

quantities of calcium in their leaves. 

Palzkill et al. (107), and Bradfield and Guttridge (14) 
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prevented tipburn in cabbage and strawberry by modifying humidity, 

thus allowing root pressure to increase so that calcium concentra- 

tion in susceptible leaves was increased. 

Wiebe (141) found that under field conditions water content 

in Chinese cabbage heads decreased by 6-8% during the day when 

transpiration was high. In that way, calcium was removed from the 

head by the water flow, and more calcium was located at the edges 

of transpiring leaves than within their veins or inner head leaves. 

Other effects 

Tipburn development has been related to head size (22, 24, 105). 

Cox (26) also reported that at low root growth rates in lettuce, 

roots may not provide the calcium required by inner leaves to prevent 

tipburn injury. 

Cultivars differ in susceptibility and resistance to the 

disorder (99, 104, 120, 128, 136, 140). Chemicals which provided a 

degree of tipburn control, are SADH (Succinic acid-2, 2-dimethyl- 

hydrazide), BA (N-6 benzy-ladenine), Simazine and CaClp + Ethephon 

(22). 
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MATERIALS AND METHODS 

Experiments were conducted with Greenboy cabbage (Brassica 

oleracea var. capitata) and Pennlake lettuce (Lactuca sativa L.)» 

chosen for their susceptibility to tipburn. 

Plots were direct seeded. Cabbage was sown on May 28, and 

lettuce on June 1, 1981 at the vegetable research firm, Oregon State 

University on sandy loam soil. 

Plant spacing was 25 cm in row, 90 cm between rows for lettuce, 

and 30 cm and 90 cm for cabbage. Plots were 7 m long with 2 rows 

each. Lettuce plots had 24 plants, and cabbage 20. Thinning was 

done 30 days after seeding. 

Plots were irrigated by overhead sprinkler as needed. 

Irrigation was applied every 5-7 days dependant on weather and soil 

moisture conditions. Fertilizer application consisted of 45 kg/ha 

nitrogen, 70 kg/ha phosphorus and 36 kg/ha potassium for both 

cabbage and lettuce. Weeds were controlled by hand. Sevin was 

used for insect control. 

Treatments included Folicote antitranspirant at 1%, 3%, and 

5% with 0.05 molar calcium nitrate or calcium chloride foliar sprays. 

Folicote is a wax emulsion, a product of Crystal Soap and Chemical 

Co. The 12 foliar spray experimental treatments were as follows: 

1. Control (water spray). 

2. Calcium nitrate (Ca(N03)2) 0.05 molar. 

3. Calcium chloride (CaC^) 0.05 molar. 

4. Antitranspirant 1%. 
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5. Antitranspirant 1% + Ca(N03)2 0.05 molar. 

6. Antitranspirant 1% + CaClp 0.05 molar. 

7. Antitranspirant 3%. , 

8. Antitranspirant 3% + Ca(N03)2 0.05 molar. 

9. Antitranspirant 3% + CaClp 0.05 molar. 

10. Antitranspirant 5%. 

11. Antitranspirant 5%=+ Ca(N03)2 0.05 molar. 

12. Antitranspirant 5% + CaClp 0.05 molar. 

All 12 treatments were replicated 4 times and arranged in a 

randomized block design. Cabbage plots were treated with two 

applications of antitranspirant and eight applications of calcium 

nitrate and calcium chloride. The first antitranspirant and calcium 

sprays were applied 50 days after seeding. A second antitranspirant 

application was made one month later. Calcium sprays were applied 

one week apart. One application of antitranspirant and four 

applications of calcium were applied to lettuce. Antitranspirant 

and calcium sprays were applied 45 days after seeding. Subsequent 

calcium sprays were one week apart. Foliar antitranspirant and 

calcium sprays in cabbage were twice as many as those of lettuce, 

since the cabbage growing season was 40 days longer than lettuce. 

Antitranspirant was sprayed on both sides of frame leaves. 

Calcium was applied to the entire plant. 

Calcium sprays were intended to increase calcium content 

while antitranspirant sprays were applied to reduce or slow 

transpiration from frame leaves in order to stimulate development 

of root pressure flow for movement of calcium to inner leaves. 
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Head temperature measurements were made on August 3 in lettuce, 

two weeks after spraying antitranspirant, and September 4 in 

cabbage, two weeks after the second antitranspirant spray with a 

Telatemp Infrared Thermometer, model AG-42. Five uniform size 

heads in each plot were chosen to measure temperature. Temperatures 

were measured at near solar noon (12:00-13:30 p.m.), data for 

cabbage and lettuce. 

Lettuce plots were harvested on August 11 to 12 and cabbage on 

September 21 to 22. 

Tipburn evaluation was made by cutting open all heads and 

rating severity of tipburn on a scale from 0 (no tipburn), 1 

(slight) to 5 (very serious). 

Two leaf samples of frame, cap, and inner leaves from eight 

heads in each plot were analyzed for calcium and other mineral 

content. Plant tissues from treatments of 1, 2, 3, 10, 11, and 12 

were used for tissue analysis. Tissue was washed first in water, 

Then in a solution of 10 g of EDTA, Disodium salt in 20 £ of 

distilled water, and the last time in distilled water to tie up 

and remove any calcium residue from the foliar sprays which might 

have confounded tissue analysis for calcium. The clean tissue was 

placed in a tunnel drier for initial drying at 70oC for 48 hours. 

Tissue was ground in a Wiley mill and further dried for thirty 

minutes to remove moisture. One gram samples of each treatment 

were used for analysis. These were ashed in a Muffle (Thermolyne) 

for 6 hours, then treated with 5 ml of an internal standard solu- 

tion consisting of 0.1% Co and 0.5% Li. A direct-reading Spark 
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Emission Spectrometer was used for the mineral analysis. 

Data were analyzed by analysis of variance and the means 

compared with Duncan's Multiple Range Test or T test whenever 

F values were significant. 
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RESULTS 

Tipburn occurred in all plots. Tipburn in untreated plots 

was more serious than in plots treated with antitranspirant, 

calcium, or combination of antitranspirant and calcium in cabbage 

and lettuce. 

In lettuce, necrosis was noted on margins of outer and 

internal head leaves, whereas in cabbage it was observed only on 

margins of internal head leaves. 

In this study, development of this disorder started very 

early, about 45-50 days after planting, on outer leaves in lettuce. 

The degree of injury on outer leaf margins remained the same until 

harvest. Tipburn development in internal leaves of cabbage and 

lettuce was also noted as the crops were approaching harvest. 

Tipburn severity index 

Foliar sprays of antitranspirant, calcium, and combined 

sprays of antitranspirant and calcium resulted in a degree of 

tipburn control when compared with the control, although there were 

no significant differences among treatments in cabbage and lettuce 

at the 5% level (Fig. 1). 

Among calcium sprays, CaClp resulted in a tendency toward 

less tipburn than Ca(N03)2 in lettuce and similar to Ca(N03)2 in 

cabbage. 

Among different rates of antitranspirant, no clear trends 
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were found. 

There were no significant differences among combined sprays 

of antitranspirant and calcium. One percent antitranspirant + 

CaClp, 3% antitranspirant + CaGl^, and 5% antitranspirant + CaClp 

tended to be better than 1% antitranspirant + CatNO^, 3% anti- 

transpirant + Ca(N0o)?, and 5% antitranspirant + CA(N0-)2 

respectively, in cabbage and lettuce. 

In general, combined sprays of antitranspirant + CaClp gave 

the best control; CaC^ spray alone, and combined sprays of anti- 

transpirant + CaCNOoJp were next, antitranspirant sprays and 

Ca(N0o)2 spray alone gave the least control. 

Comparison of severity index of cabbage and lettuce tipburn 

are shown in Fig. 1 and show that lettuce was more susceptible to 

tipburn than cabbage. 

Table 1 shows that small sized heads were less susceptible 

to tipburn when compared with large sized heads. Average head 

size however was not found to be different between treatments in 

cabbage and lettuce. 

Calcium distribution 

Application of foliar antitranspirant, calcium, and combination 

of antitranspirant and calcium sprays resulted in increases in 

calcium content in cap and inner leaves in both cabbage and lettuce, 

but not in frame leaves of cabbage (Tables 2 and 3). Differences 

in calcium content were significant at 5% level in cap leaves and 
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inner leaves of cabbage, and inner leaves of lettuce. There were 

no significant differences in cap leaves of lettuce between any 

of the treatments (Tables 2 and 3). 

CaCU spray resulted in a tendency toward higher calcium 

content than Ca(N03)2 spray in frame and cap leaves of cabbage, 

and cap leaves of lettuce, but slightly lower than CatNOoU spray 

in inner leaves of cabbage and lettuce. 

Combined spray of 5% antitranspirant + CaC^ gave slightly 

higher calcium content in frame and cap leaves of cabbage (Table 2), 

and cap leaves of lettuce (Table 3) than combined spray of 5% anti- 

transpirant + Ca(N03)2, similar to combined spray of 5% antitrans- 

pirant + Ca(N03)2 in inner leaves of cabbage (Table 2), and 

slightly lower than combined spray of 5% antitranspirant + Ca(N03)2 

in inner leaves of lettuce (Table 3), yet no significant differences 

were found. 

Leaf calcium content was not statistically different between 

calcium and antitranspirant sprays or combined sprays of anti trans- 

pi rant and calcium for either cabbage or lettuce (Table 2 and 3). 

In cabbage, calcium content in frame leaves was about three 

times higher than in cap leaves, and cap leaves had two and half 

times higher calcium content than inner leaves. In lettuce, 

calcium content in cap leaves was about two times higher than in 

inner leaves. These results also indicated that calcium content 

of lettuce was higher than cabbage (Table 4). 
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Head temperature 

Head temperatures of cabbage and lettuce in foliar spray plots 

of calcium, antitranspirant, and combined sprays of antitranspirant 

and calcium were generally higher than in the control. Very small 

differences were noted, which were not significant at 5% level in 

both cabbage and lettuce (Table 5). 

Cabbage head temperatures were higher than lettuce head 

temperatures (Table 5). 

Distribution of other mineral elements 

Along with calcium, potassium, phosphorus, magnesium, 

manganese, iron, copper, boron, and zinc leaf contents were also 

evaluated. Table 6, 7, 8, 9, 10 show that differences were very 

small and none significantly different at the 5% level. Most of 

foliar sprays of antitranspirant, calcium, and combined sprays of 

antitranspirant and calcium resulted in higher K, P, Mg, Mn, and 

Fe content in frame leaves of cabbage, Mg content in cap leaves 

of cabbage, K, P, Fe, B, and Zn content in inner leaves of cabbage, 

and Mg, Mn, and B content in cap leaves of lettuce than control. 

Overall foliar sprays of antitranspirant and calcium resulted in 

higher K, P, Mn, and B content in inner leaves of lettuce. 
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DISCUSSION 

Although differences were not significant at the 5% confidence 

level (Fig. 1), foliar sprays of antitranspirant, calcium, and 

combined sprays of antitranspirant and calcium reduced cabbage and 

lettuce tipburn when compared with control. Analysis of treated 

and untreated plants showed that certain treatments markedly in- 

creased the calcium content of cap and tipburn susceptible inner 

leaves (Tables 2 and 3). Calcium nutrition generally is recognized 

to influence cabbage and lettuce tipburn development. Calcium 

transport to inner leaves of cabbage and lettuce plants was 

enhanced when transpiration was reduced from the frame leaves by 

antitranspirant spray. Calcium content was increased in inner 

leaves by calcium spray. Both antitranspirant and calcium sprays 

reduced tipburn severity. 

Tipburn severity index 

In lettuce, plots treated with Ca(N03)2 resulted in a slightly 

higher tipburn severity index than CaClp (Fig. 1). When Ca(N0-)2 

was applied to increase calcium content and to reduce tipburn in 

cabbage and lettuce, it also added extra nitrogen. This may have 

increased plant growth to a degree that nullified the advantage of 

calcium addition, because tipburn is easily induced by high N03 

nutrition when applied to foliage (7, 113). 

In different antitranspirant rate sprays on lettuce, no clear 
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trends were noted. 

Combined sprays of 1%, 3%, and 5%  antitranspirants + CaC^ 

gave slightly less tipburn than combined sprays of 1%, 3%, and 5% 

antitranspirants + Ca(N03)2 in cabbage and lettuce. This was 

probably due to extra nitrogen applied with the Ca(N03)2 which may 

have aggravated tipburn. The slight differences noted between 

combined sprays of antitranspirant rates and calcium may be due to 

the compensating benefits of the antitranspirant. 

Combined sprays of antitranspirant + CaClp resulted in the 

least tipburn in cabbage and lettuce (Fig. 1), antitranspirant 

and CaClp were partly effective in moving calcium to inner leaves 

(21, 25, 40, 73, 74, 123, 127). 

In cabbage, small size heads (< 20 cm in diameter) were less 

susceptible to tipburn (Table 1). Small size heads would be due 

to slowed growth which would result in increased calcium content 

(40, 143). 

The effects of antitranspirant and calcium sprays expressed 

as percent tipburn were similar to tipburn severity index in both 

cabbage and lettuce. Yet percent incidence data may be misleading, 

because infected heads may have very little tipburn, therefore 

severity index data was used throughout this report. Percent 

incidence data are presented in the appendix. 

Calcium distribution 

Foliar calcium sprays on entire cabbage and lettuce plants 
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increased calcium content of cap and inner leaves in this study 

(Tables 2 and 3). Similar results were reported by Kruger (73), 

Kuo et al. (74), and Thibodeau et al. (127) in greenhouse and 

growth chamber studies. 

Antitranspirant spray on frame leaves of cabbage and lettuce 

tended to reduce plant transpiration thereby resulting in reduced 

accumulation of calcium in frame leaves, and increased root pressure 

flow and calcium movement to inner leaves, reducing tipburn. 

Table 2 shows that there are no significant differences between 

treatments in calcium levels of frame leaves of cabbage. This may 

be because frame leaves had already absorbed enough calcium when 

sprayed with antitranspirant by 50 days after planting. 

Combined sprays of antitranspirant and calcium resulted in 

increased calcium content of cap and inner leaves in cabbage and 

lettuce, but didn't move more calcium than calcium spray alone and 

antitranspirant spray alone (Tables 2 and 3). These results 

indicated that there may hot be an interaction existing between 

antitranspirant and calcium. 

Foliar sprays of calcium, antitranspirant, and combined 

sprays of antitranspirant and calcium increased calcium content 

of cap leaves and inner leaves in cabbage and lettuce (Tables 2 

and 3), but failed to effectively prevent tipburn in this study 

(Fig. 1). The calcium content of inner leaves is probably still 

not sufficient to prevent tipburn development. Perhaps adding 

surfacant to antitranspirant and calcium solution could be 

important, since it was difficult to get good coverage of cabbage 
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and lettuce leaves due to waxes existing in cabbage and lettuce, 

particularly in cabbage. Furthermore, maybe frame leaves should 

have been sprayed much sooner than the 50  day so that they would 

not accumulate calcium. Wiebe et al. (141) reported that in 

cabbage, tipburn occurred on -inner leaves with calcium content of 

0.3%; more resistant cap had 0.65% and outer leaves had from 3 to 

7%. Misaghi and Grogan (99) showed that the inner susceptible 

lettuce leaves contained 0.4% calcium and the outer, more resistant 

leaves contained 0.8%. Since foliar sprays of calcium, antitrans- 

pirant, and combined sprays of antitranspirant and calcium resulted 

in an average 0.3% calcium level in inner leaves of cabbage (Table 

2), and 0.7% in lettuce (Table 3), better control of tipburn may 

have been realized if a less susceptible variety of cabbage and 

lettuce was used. 

Palzkill et al. (107, 108), and Kuo et al. (74) found that 

root pressure flow can translocate calcium to inner leaves of 

cabbage for prevention of cabbage tipburn by coverage of cabbage 

leaves to stop transpiration, and Palzkill et al. suggested that 

application of chemicals to reduce stomatal opening may be 

effective, but did not mention what kinds of chemicals. 

Table 4 shows that frame and cap leaves in cabbage, and cap 

leaves in lettuce have higher calcium content than inner leaves. 

These leaves did not develop tipburn. The results indicated that 

tipburn development was related to calcium content. 
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Head temperature 

The Folicote antitranspirant sprays in this study appeared 

to have increased head temperature by 0.5-1.0oC in cabbage, and 

1.0-2.0oC in lettuce compared with control (Table 5). These 

differences appear small. Film-forming antitranspirants tend to 

increase leaf temperature by curtailing transpiration rates. 

Coverage of frame leaves only was intentional so as not to aggra- 

vate tipburn by adversely stopping plant cooling. Small differences 

in temperature would be expected from partial plant coverage. 

Although air temperature was lower when the cabbage temperature 

was taken, solar radiation was higher and may have accounted for 

part of this difference. 

Head temperature affects tipburn development. Although anti- 

transpi rant sprays increased head temperatures very little in one 

study (31), and apparently not significantly in this experiment, 

the failure to control tipburn by antitranspirant sprays may be due 

in part to increasing temperature as well as a failure to move 

enough calcium to inner leaves. 

Distribution of other mineral elements 

Although no significant differences were noted at the 5% level 

in distribution of other mineral elements, it was found that boron 

content in healthy tissue of outer leaves was about 20 ppm lower 

than that in diseased tissue of inner leaves of cabbage, therefore. 
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probably boron was not likely to be involved in tipburn in this 

study, confirming most other reports, although some authors 

reported the possible involvement of boron in cabbage and lettuce 

tipburn development (14, 27, 74, 143). 

No significant differences were found in other element content 

such as K, P, Mg, Fe, Cu, and Zn among treatments in both cabbage 

and lettuce, but there was a tendency to affect K, P, Fe, and Zn 

uptake in cabbage inner leaves, and affect K, Mg, P, Mn, B, and Zn 

uptake in lettuce inner leaves by antitranspirant sprays, calcium 

sprays, and combined sprays of antitranspirant and calcium. 

The results indicated that P, K, Mg, Cu, Fe, B, and Zn may have 

no effect on tipburn and calcium content in cabbage and lettuce. 

Similar results were reported by Sonneveld and Ende (123) they 

studied the effects of various salts on tipburn of lettuce and found 

that salts such as NaCl, MgCl2, NaHN03, Na2S04, KC1, and NaN03 did 

not control tipburn; only CaClp prevented the disorder almost 

completely. Nieuwhof (104) found that different foliar calcium 

sprays on lettuce did not increase content of other mineral elements. 
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Table 1. Effect of antitranspirant and calcium foliar sprays on 
tipburn severity index in different size heads* in 
cabbage. 

Treatments Large Small 

Control 1.21 0.09 

Ca(N03)2 
0'71 0-00 

CaCl2 0.82 0.00 

Antitranspirant 1% 0.77 0.00 

Anti. 1% + Ca(N03)2 0.75 0.00 

Anti. 1% + CaCl2 0.49 0.00 

Antitranspirant 3% 1.07 0.04 

Anti. 3% + Ca(N03)2 0.91 0.02 

Anti. 3% + CaCl2 0.65 0.03 

Antitranspirant 5% 0.88 0.04 

Anti. 5% + Ca(N03)2 0.57 0.00 

Anti. 5% + CaCl2 0.42 0.00 

z. Large size of head > 20 cm in diameter. Small size of head 
< 20 cm in diameter. 
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Table 2. Effect of antitranspirant and calcium foliar sprays on 
calcium content in cabbage. 

Treatments 

Calcium content (% of dry weight) 
_ _ _ 

Frame leaves   Cap leaves   Inner leaves 

Control 

Ca(N03)2 

CaCl2 

Antitranspirant 5% 

Anti. 5% + Ca(N03)2 

Anti. 5% + CaClo 

2.22 0.66 a 0.27 a 

2.22 0.76 b 0.31  b 

2.26 0.82 b 0.30 b 

2.21 0.76 b 0.29 ab 

2.24 0.74 ab 0.30 b 

2.26 0.75 ab 0.30 b 

Z. Means of 4 replications. 

X. No significant differences at 5% level. 

Y. Mean separation within column by Duncan's multiple range test 
at 5% level. Means connected by the same letter are not 
significantly different. 
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Table 3. Effect of antitranspirant and calcium foliar sprays on 
calcium content in lettuce. 

Treatments 

Calcium content (% of dry weight) 

Cap leaves Inner 1 leaves 

0.58 a 

0.72 b 

0.70 b 

0.67 ab 

0.71 b 

0.69 b 

Control 

Ca(N03)2 

CaCl2 

Antitranspirant 5% 

Anti. 5% + Ca(N03)2 

Anti. 5% + CaCl„ 

1.00 

1.17 

1.27 

1.23 

1.24 

1.27 

Z. Means of 4 replications. 

X. No significant difference at 5% level. 

Y. Mean separation within column by Duncan's multiple range test 
at 5% level. Means connected by the same letter are not 
significantly different. 
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Table 4. Overall calcium content of frame, cap, and inner leaves 
in cabbage and lettuce. 

Calcium content (% of dry weight) 

Leaves                  Cabbagex Lettuce^ 

Outer leaves 2.22 a 

Cap leaves 0.75 b 1.20 

Inner leaves 0.30 c 0.67 

x.    Mean separation within column by Duncan's multiple range test at 
5% level.    Means connected by the same letter are not signifi- 
cantly different. 

y. Significant difference at 1% level by t test. 



Table 5. Head temperature of cabbage and lettuce. 
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Treatments Cabbage 

oc 

Lettuce^ 

Control 

Ca(N(M2 

CaCl2 

Antitranspirant 1% 

Anti. 1% + Ca(N03)2 

Anti. 1% + CaClp 

Antitranspirant 3% 

Anti. 3% +  Ca(N03)2 

Anti. 3% + CaCl2 

Antitranspirant 5% 

Anti. 5% + Ca(N03)2 

Anti. 5% + CaCl0 

32.74 

32.57 

33.05 

33.26 

32.83 

33.05 

33.66 

33.18 

33.08 

33.56 

32.88 

33.43 

28.34 

29.34 

29.06 

30.03 

29.27 

30.44 

30.12 

30.12 

30.28 

30.71 

30.51 

30.93 

x. No significant differences at 5% level. Air temperature 220C 
Solar radiation igOOyenT'-sec" 1 

No significant differences at 5% level. Air temperature 
24.790C. Solar radiation 1150y£m"2sec"1. 
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Table 6. Effect of antitranspirant and calcium foliar sprays on 
mineral element content2 in frame leaves of cabbage. 

Treatments K P Mg Mn Fe Cu B Zn 

Control 1.18 0.27 0.81 37 39 3 11 10 

Ca(N03)2 1.20 0.27 0.85 40 40 3 11 9 

CaCl2 1.17 0.26 0.80 35 41 3 11 12 

Antitranspi irant 5% 1.20 0.29 0.83 38 43 3 12 12 

Anti. 5% + Ca(N03)2 1.13 0.26 0.89 41 44 3 10 9 

Anti. 5% + CaCl2 1.22 0.28 0.85 38 39 3 11 10 

NS NS NS NS NS NS NS NS 

z. Means of 4 replications. K, P and Mg are reported in % of dry 
weight; Mn, Fe, Cu, B and Zn are reported in ppm. 

NS. No significant difference at 5% level. 
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Table 7. Effect of antitranspirant and calcium foliar sprays on 
mineral element content2 in cap leaves of cabbage. 

Treatments K P Mg Mn Fe Cu B Zn 

Control 2.79 0.65 0.18 12 60 3 21 31 

Ca(N03)2 2.62 0.61 0.19 13 55 3 20 28 

CaCl2 2.46 0.56 0.22 10 53 4 19 26 

Antitranspirant 5% 2.62 0.60 0.21 10 58 3 20 27 

Anti. 5% + Ca(N03)2 2.49 0.59 0.20 12 57 3 20 28 

Anti. 5% + CaCl2 2.70 0.64 0.19 14 67 4 21 32 

NS NS NS NS NS NS NS NS 

z. Means of 4 replications. K, P and Mg are reported in % of dry 
weight; Mn, Fe, Cu, B and Zn are reported in ppm. 

NS. No significant differences at 5% level. 
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Table 8. Effect of antitranspirant and calcium foliar sprays on 
mineral element content in inner leaves of cabbage. 

Treatments K P Mg Mn Fe Cu B Zn 

Control 2.90 0.52 0.15 10 32 4 16 28 

Ca(N03)2 2.90 0.55 0.14 10 32 3 18 31 

CaCl? 2.80 0.53 0.16 8 35 3 16 29 

Antitranspirant 5% 2.97 0.55 0.15 8 36 3 18 31 

Anti. 5% + Ca(N03)2 2.83 0.53 0.14 9 32 3 16 31 

Anti. 5% + CaCl2 2.94 0.55 0.15 9 36 3 17 31 

NS NS NS NS NS NS NS NS 

z. Means of 4 replications. K, P and Mg are reported in % of dry 
weight; Mn, Fe, Cu, B and Zn are reported in ppm. 

NS. No significant differences at 5% level. 
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Table 9. Effect of antitranspirant and calcium foliar sprays on 
mineral element content2 in cap leaves of lettuce. 

Treatments K P Mg Mn Fe Cu B Zn 

Control 4.32 0.70 0.37 195 227 8 36 126 

Ca(N03)2 3.88 0.55 0.44 185 213 7 33 no 

CaCl2 4.06 0.61 0.47 204 237 8 35 109 

Antitransp- irant 5% 4.28 0.67 0.41 190 220 8 38 124 

Anti. 5% + Ca(N03)2 4.36 0.66 0.42 210 231 8 37 115 

Anti. 5% + CaCl. 
i ? 

4.36 0.65 0.40 212 225 8 38 114 

NS NS NS NS NS NS NS NS 

z. Means of 4 replications. K, P and Mg are reported in % of dry 
weight; Mn, Fe, Cu, B and Zn are reported in ppm. 

NS. No significant differences at 5% level. 
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Table 10. Effect of antitranspirant and calcium foliar sprays on 
mineral element content2 in inner leaves of lettuce. 

Treatments K P Mg Mn Fe Cu B Zn 

Control 3.20 0.80 0.20 85 154 10 24 133 

Ca(N03)2 3.41 0.84 0.22 98 178 11 28 137 

CaCl2 3.73 0.91 0.20 105 183 12 31 161 

Antitranspirant 5% 3.73 0.86 0.19 86 152 11 28 149 

Anti. 5% + Ca(N03)2 3.72 0.84 0.22 97 147 10 25 127 

Anti. 5% + CaCl2 3.49 0.87 0.21 95 180 11 25 154 

NS NS NS NS NS NS NS NS 

z. Means of 4 replications. K, P and Mg are reported in % of dry 
weight; Mn, Fe, Cu, B and Zn are reported in ppm. 

NS. No significant differences at 5% level. 
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Appendix 1. Effect of antitranspirant and calcium foliar aprays on 
percent of plants with tipburn in cabbage and lettuce. 

Treatments 

Percent of plants with tipburn (%) 

Cabbage Lettuce 

Control 

Ca(N03)2 

CaCl2 

Antitranspirant 1% 

Anti. 1% + Ca(N03)2 

Anti. 1% + CaCl2 

Antitranspirant 3% 

Anti. 3% + Ca(N03)2 

Anti. 3% + CaCl2 

Antitranspirant 5% 

Anti. 5% + Ca(N03)2 

Anti. 5% + CaCl0 

35 

30 

20 

30 

25 

20 

35 

40 

20 

30 

25 

20 

88 

83 

69 

77 

70 

73 

74 

90 

78 

81 

78 

70 

Means of 4 replications; 20 and 24 plants evaluated in cabbage 
and lettuce respectively. No significant differences at 5% 
level. 


