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Abstract 

The accumulation of excess photosynthate 

(carbohydrates) in chrysanthemum leaves may 

apparently be induced by a variety of causes 

such as the removal of the photosynthate "sink" 

to which carbohydrates are normally translo 

cated, or by an excess of photosynthetic activity 

over export due to climatic or cultural factors. 

The symptoms include thickening, downward 

rolling of margins, chlorotic mottling, bronzing, 

and actual necrosis of small leaf areas. The 

symptoms at certain stages closely resemble 

those of magnesium deficiency. The effects of 

light intensity, cultural practices and chrysan 

themum varieties are related to the contents of 

sugars and starch which in turn, when present 

in excess amounts, apparently cause the symp 

toms described. 

Introduction 

The lower leaves of chrysanthemum plants 

growing in commercial plantings frequently are 

observed to have a physiological disorder char 

acterized by a thickening and downward rolling 

of the margins of the leaves. In intermediate 

stages the leaves affected have a chlorotic mot-
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tling closely resembling a magnesium deficiency. 

The disorder described occurs uniformly, how 

ever, with high levels of magnesium fertiliza 

tion. As the disorder progresses further, there 

is a pronounced bronzing of the formerly chlor 

otic areas which is later followed by necrosis, 

blackening and destruction of the affected tissue. 

The disorder has an etiology similar to that of 

physiological leaf roll of tomatoes (4). Condi 

tions that favor an accumulation of photosyn 

thate also favor the appearance of the described 

physiological disorder. Disbudding and pruning 

increase the incidence and severity of the dis 

order. Varieties which are capable of rapid 

growth are less susceptible. Full exposure to 

sunlight greatly increases the disorder. 

The effects of light on the photosynthetic ac 

tivity, flower and leaf quality and photosynthate 

production have been previously reported for 

Bluechip and Iceberg cut-flowers (3, 5). 

The present research was undertaken to ex 

plore the possibility that the described disorder 

of lower leaves of chrysanthemum plants may 

be ascribed to the adverse effects of the accumu 

lation of excess carbohydrates. A further ob 

jective was to obtain quantitative information 

on the physiological responses of two varieties 

of chrysanthemum to varied degrees of solar 

illumination. 

Materials and Methods 

'Bluechip' and 'Iceberg1 cultivars of Chrysanr-

themum morifolium Ram. were grown in the 

spring season, from February to the end of May, 
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under four degrees of shading, namely 0 (full 

sunlight), 25, 50 and 75 percent. Duplicate plots 

were grown in each of the duplicate saran cloth 

houses that had been covered with plastic screen 

material of the desired shading quality. Normal 

cultural procedures were followed, with weekly 

pesticide spray applications and bi-weekly appli 

cations of 8-8-8 mixed fertilizer at the rate of 

500 lbs/a. 

Chlorophyll was determined by the method of 

Aron (1). Photosynthetic capacity was deter 

mined in conventional Warburg manometry us 

ing a 0.2% Pardee's carbon dioxide buffer (2), 

a temperature of 32 °C and 1250 ft C illumina 

tion. Sugars were separated with unidimensional 

paper chromatography, developed with P-anisi-

dine and amounts determined according to the 

areas of spots. Starch was separated from 

sugars, hydrolyzed with concentrated sulfuric 

acid and determined as glucose spectrophoto-

metrically with anthrone reagent. 

Results 

The effects of varied light intensity on plant 

characteristics are presented in Table 1. In 

creasing shade resulted in larger lower leaves, 

less dry weight per unit area but increasing 

chlorophyll content. Photosynthetic capacity 

tended to increase on the basis of fresh weight 

of leaf disks, going from 0 to 75% shade, how 

ever, the response appeared non-linear because 

of a high rate of photosynthesis resulting from 

the 25% shade treatment. Plant height generally 

increased as a result of shading. Flower yield 

appeared to be greatest with 25% shade and 

was reduced by 75% shade in comparison with 

the other treatments. 

Glucose and starch contents of leaves were 

reduced by shade, especially by the highest per 

centage of shade, 75% (Table 2). Total carbo 

hydrates in leaves generally decreased with in 

creasing shade. Carbohydrate contents of flowers 

decreased with increasing shade; Iceberg- was 

affected in this manner to a greater degree than 

Bluechip. Sucrose content of Bluechip flowers 

was reduced more by shading than were the 

other carbohydrates. In Iceberg flowers, only 

the starch content was reduced. 

The lower leaves of Bluechip were more sus 

ceptible to thickening, downward rolling of mar 

gins, yellowing, bronzing and ultimately to the 

development of necrotic spots than were the 

lower leaves of Iceberg. The effect of high light 

intensity on Iceberg was limited to thickening, 

yellowing and a downward roll of leaf margins. 

The occurrence of these physiological disorders 

was greatest in the 0% shade and somewhat less 

in the 25% shade cloth houses. Fifty and 75% 

shade prevented the development of the syndrome. 

Discussion 

The effects of shade on plant growth habits 

of Bluechip and Iceberg chrysanthemums were 

characteristic of the effects expected by commer 

cial growers and horticulturists, namely, that a 

light degree of shading was beneficial in terms 

of flower quality and yield. The exact degree of 

shade that is most desirable will depend, how 

ever, on cultural practices, varieties and season. 

The experiment described was carried out in 

the spring season. Observations made during this 

experiment, together with the data reported in 

dicate that 25% shade was the best degree of 

shading under the experimental conditions em 
ployed. 

The fact that Iceberg is less susceptible to 

the downward leaf roll, discoloration and break 

down of lower leaves than Bluechip is probably 

related to the characteristically faster growth 

rate of Iceberg which can result in greater util 

ization of photosynthate manufactured in the 

lower leaves. The data reported, together with 

observations described in the introduction, lend 

strength to a hypothesis that the characteristic 

TableJ,. Effect of shade on plant characteristics of Bluechip (BC) and Iceberg (IB) chrysanthemums 

Shade Mean area, cm 

% lower leaves 

Dry wt lower 

leaves g/cmz 
Leaf chlorophyll 

mg/100 mg 

fresh weight 

Photosynthesis1 Plant height, 

cm 

Yield of 

lbs/18 

flowers, 

stems 

0 2^7 2i!l 2^4 M .» i? .ff .» .ft 
25 26.1 28.1 27.1 .68 .51 .60 .14 .15 .15 
50 26,1 39.0 32.6 .54 .42 .48 .16 .16 .16 
75 26.3 35.8 31.1 .50 .42 .46 .17 .18 .18 

LSP. .05 ^ ^2. 

*?4 ffl 
154 126 140 

121 106 114 

158 135 147 

32.3 32.4 

34.8 33.5 

34.5 36.2 

32.4 

34.2 

35.4 

2.0 

2.6 

2.6 

2.3 

ft 
4.1 

3.9 

3.1 

3.4 

3.3 

2.7 

Photosynthetic capacity, ul 02 evolved/100 mg/hr 
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Table 2. Effect of shade on carbohydrate contents1* of leaves and flowers 
of Bluechip (BC) and Iceberg (IB) chrysanthemums. 

LEAVES 

Shade 

% 

0 

25 

50 

75 

LSD, 

0 

25 

50 

75 

LSD, 

Fructose 

BC 

.12 

.09 

.10 

.08 

.05 

.22 

.18 

.18 

.16 

.05 

IB 

.12 

.11 

.10 

.11 

.21 

.16 

.17 

.19 

Av 

• 12 

.10 

.10 

.10 

.22 

.17 

.18 

.18 

Glucose 

BC 

.14 

.13 

.11 

.00 

.21 

.18 

.17 

.16 

IB 

.13 

.12 

.11 

.00 

.20 

.18 

.15 

.18 

Av 

.14 

.13 

.11 

.00 

.02 

Sucrose 

BC 

.24 

.17 

.18 

.12 

FLOWERS 

.21 

.18 

.16 

.17 

.03 

.08 

.02 

.02 

.01 

IB 

.16 

.18 

.14 

.14 

.03 

.02 

.02 

.03 

Av 

.20 

.18 

.16 

.13 

.05 

.06 

.02 

.02 

.02 

.02 

Starch 

BC IB 

.15 .11 

.19 .12 

.07 .01 

.02 .03 

.33 .33 

.40 .30 

.29 .24 

.31 .10 

Av 

.13 

.16 

.04 

.03 

.06 

.33 

.35 

.27 

.21 

.06 

Total Av 

BC 

.65 

.58 

.46 

.22 

.84 

.78 

.66 

.64 

IB 

.52 .59 

.53 .56 

.36 .41 

.28 .25 

.10 

.77 .81 

.66 .72 

.58 .62 

.50 .57 

.11 

Percent of fresh weight. Leaves sampled April 11, flowers sampled May 23. 

physiological disorder of lower leaves of chry 

santhemums, as described, is caused by an accu 

mulation of photosynthate (carbohydrates) to 

levels that are in some manner physiologically 

damaging to the lower leaves of the plants. 
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Market news reports relating to the trans 

portation of Florida floricultural products were 

initiated in 1959. Eight years later, in 1967, a 

feasibility study was started to determine pro 

cedures for implementing a large scale market 

news reporting service for the nation's floricul 

tural products. Regular market news reports 

were begun in San Francisco, Chicago and 

Dallas. In addition, the program in Florida was 

expanded to include price information and to 

extend the coverage on destination areas. 

Although shipping point price data are col 

lected and disseminated, a serious lack is a more 

thorough reporting of price data on consignment 

sales to terminal markets. Nevertheless, the cur-




