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ABSTRACT 

Two cultivars of safflower plants Carthamus 

tinctorius L., 'Rio* and 'Pacific I,' were grown in the 

greenhouse and in the growth chamber in Tucson, Arizona. 

Materials were obtained from these plants to study certain 

morphological and physiological aspects of floral bracts 

and true leaves in both cultivars. Density of stomata in 

cotyledon surfaces of both cultivars was also studied. 

Stoma density was not significantly different 

between the abaxial and adaxial surfaces of cotyledons and 

between cultivars of safflower. 

True leaves of Rio and Pacific I safflower plants 

contained a higher density of stomata on the abaxial com

pared with adaxial surfaces. Difference between the two 

cultivars, with regard to stoma density on leaf surfaces, 

was shown to be non-significant. In contrast, floral 

bracts of Pacific I had a higher stoma density on both 

surfaces than did Rio. Lower surfaces of floral bracts of 

both cultivars were higher in stoma density than their 

upper surfaces. 

Floral bracts upper and lower surfaces were sig

nificantly higher in stoma density than upper and lower 

surfaces of true leaves in the safflower cultivars. 

ix 
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Cultivars, floral bracts, and true leaves were 

significantly different in chlorophyll content. Both 

cultivars showed a higher total chlorophyll per unit fresh 

weight in floral bracts than true leaves. Pacific I leaves 

and bracts were higher in total chlorophyll than leaves and 

bracts of Rio. 

Floral bracts contained two layers of palisade 

parenchyma cells on the upper and two layers, compactly 

arranged, on the lower side. Leaves displayed two layers 

of palisade cells on the upper side and, on the lower side, 

a single layer which was loosely arranged. No cultivar 

variation in anatomical structure was noted. 

The rate of CO^ assimilation was not significantly 

different between the cultivars in the early vegetative 

stage but a significant difference was noted between 

cultivars and between leaves and bracts in the flowering 

stage of growth. Floral bracts in both cultivars showed a 

higher rate of assimilation in the flowering stage than 

did the true leaves. In the early stage of flowering, a 

significant difference was noted between the cultivars and 

also between the floral bracts and true leaves. Sampling 

date significantly influenced the rate of CO^ assimilation 

in true leaves. Floral bracts and true leaves of both 

cultivars showed a decline of photosynthetis activity with 

advancing age. 



INTRODUCTION 

True leaves are the major photosynthetic organs of 

plants• They provide the required high energy carbohydrate 

for development and production of yield in plants. 

Plant organs other than true leaves are known to 

contain chlorophyll and have been shown to be capable of 

pho tosynthesis. Safflower (Carthamus tinctorius L.) which 

belongs to the composite family, produces flowers in heads. 

These flowering heads are surrounded by leaf-like struc

tures called bracts. Safflower plants have shown the 

ability to complete a life cycle even though the shoot had 

been completely defoliated, either by disease or manually, 

so long as the floral bracts remained intact. Such observa

tions indicate that floral bracts which are morphologically 

similar to leaves might be photosynthetically active. Such 

activity could contribute to the safflower plant especially 

during seed development. 

The purpose of this study was to test the hypothesis 

that safflower bracts do possess an active photosynthetic 

system and to compare several aspects of this system with 

that of true leaves. 

The objectives of this study were to: 

1 



Determine the frequency of stomata on cotyledon, 

floral bract, and leaf epidermis in two cultivars 

of safflower. 

Compare the chlorophyll content of bracts and 

leaves. 

Study the anatomical features of bracts and leaves. 

Measure the rate of CO assimilation in bracts and 
A 

leaves under full sunlight intensity and to note 

the effect of sampling dates on the rate of such 

assimilation in two cultivars of safflower grown in 

the growth chamber. 



REVIEW OF LITERATURE 

Photosynthesis in Plant Organs 
Other Than True Leaves 

Growth and development in higher plants are depend

ent upon the photosynthetic capability of green parts of 

plants, especially true leaves, to provide necessary carbo

hydrates through the process of photosynthesis. Much 

research has been carried out to evaluate the photosynthetic 

contribution of green organs other than true leaves to the 

total economy of plants. 

The experiment conducted by Pearson and Lawrence 

(93) showed that the green pigment in quaking aspen 

(Populus tremuloides Michx.) bark is chlorophyll. The con

centration of chlorophyll and Id seemed to be higher in 

bark than leaves in the early part of the growing season 

2 2 
(bark: 258 mg/dm of chlorophyll a_ and 24l mg/dm of chloro-

2 2 
phyll b; leaf: 202 mg/dm of chlorophyll a_ and 156 mg/dm 

of chlorophyll ID). By using a starch-iodine test, they 

confirmed the activity of the bark and suggested that 

chlorophyll in aspen bark is photosynthetically active. 

This capability allows the aspen species to thrive in a 

community of evergreen conifers. Strain and Johnson (113) 

agree with the above authors and found similar activity in 

bark of quaking aspen. In contrast, Priestley (98) suggested 



that stem tissue seems unlikely to contribute photosyn-

thetically to the nutritive requirements of most deciduous 

trees after they shed their leaves. 

Adams, Strain, and Ting (l) suggested that the stem 

of Palo Verde (Cercidium floridum Benth.) is photosyn-

thetically active and this feature helps the plant bio

logically when it is leafless. When the foliated stem was 

1 4 1 4 
exposed to ^eaves showed a mean rate of C accumula 

-5 -2 -1 
tion of 5*75 x 10 dpm cm hr and stems had an accumula 

-5 -2 -1 
tion of 4.11 x ]0 dpm cm hr . Stems had a total 

2 2 
chlorophyll of 4.13 mg/dm , while leaves showed 3-38 mg/dm 

of total chlorophyll. Despite the fact that stem had more 

l4 
chlorophyll content than leaves, the rate of C accumula

tion was lower. This is explained on the basis of the 

greater CO diffusion resistance or greater depth of the 
tit 

chlorophyllous layer in stems vs. leaves, resulting in less 

radiant energy absorption. A similar result was obtained 

l4 
when the leafless stem was exposed to CO . 

A 

Photosynthesis was studied in the bark of Ocotillo 

(Fouquiera splendens Engelm.) by Mooney and Strain (78)• 

The bark of the three test plants showed a photosynthetic 

*"2 -1 
range of 0.25 to 0.45 mg CO^ dm stem surface hr . Even 

this is a small fraction of the total photosynthetic con

tribution of leaves but still it might help the plant, sub

sequent to precipitation, to provide substrate to be 

utilized in leaf production. 



In some members of the orchid family, green flowers 

are photosynthetically active. Work of Dueker and Arditti 

(26) with green Cymbidium flowers indicated that the green 

pigment is chlorophyll, and as the flowers were exposed to 

l4 
COg an accumulation of radioactivity was found. It was 

concluded that green flowers of Cymbidium were capable of 

fixing COg in the light. It was further noted that COr, 

fixation is higher in sepals, lower in petals, and lowest 

in the ovary. Even though fixation of CO occurred in 

flower parts , the contribution of photosynthetic products 

was slight compared to leaves of Cymbidium. 

Bean and Todd (8) reported that outer green tissues 

of small orange (Citrus aurantiacum Risso) fruits were 

capable of rapid photosynthet ic fixation of in. "the 

presence of light. In the dark, the juice vesicles showed 

far more CO^ fixation than other parts, either intact or 

isolated. These authors concluded that such dark fixation 

of CO,, in vesicles may have an important function in the 

formation and storage of acids in citrus pulp. 

Further study in fruits of lemons (Citrus limonum 

Risso) , oranges, and avocados (Persea gratissima Gaertn.) 

by Todd, Bean, and Propst (119) showed that the photosyn-

thetic rate in orange fruits attached to normal plants 

ranged from 0.7 to 2.5 rag 100 cm ^ hr . No signifi

cant difference was observed between attached and detached 

fruits. Rate of photosynthesis and respiration dropped 



slowly with time after detaching the fruits. It was also 

shown that photosynthetic activity per unit of surface 

declined during the growth in lemons and oranges but 

avocados showed little or no change. In fruits studied, 

photosynthetic activity did not exceed the compensation 

point. Such observation indicates that photosynthesis 

within a fruit contributes very little toward its own 

development. 

Experiments conducted by Haber and Carrier (48) 

revealed that lettuce (Lactuca sativa L.) seeds prevented 

from germination as treated with maleic hydrazide (MH), 

developed chloroplasts similar to those of germinating 

seedlings. These green seeds were found to perform a light 

14 
dependent fixation of C-bicarbonate and radioactivity 

appeared in sucrose, sugar phosphate, and amino and keto 

acids. Control seeds did not develop green pigment and no 

photosynthesis was observed. 

Studies (2, 38, 128) of cereal crop physiology have 

shown that leaves are not the only organs which provide the 

phot osynthate for grain filling. Almost equal importance 

is given to the stem and spike (awns and glumes), as to 

leaves, for their photosynthetic contribution to grain 

development. In later stages of growth, awns and glumes 

are considered very important because most of the leaves 

senesce, and the only plant organs supporting the develop

ment of grains are flag-leaves, awns, and glumes. 
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Awns with their chlorenchyma are physiologically 

active and are considered reduced leaves where only the 

midvein is present (103, 124). Awns perform photosynthesis 

and because of their close proximity to the kernels, photo-

synthate translocates quickly to the developing kernels 

(47)• Grantham (46) was first to report the photosynthetic 

activity of the awns. He showed that awned spikes of 

'Chevalier' barley (Hordeum vulgare L.) had twice the photo-

synthetic rate as de-awned spikes. He estimated that photo

synthesis of awns during grain formation contributed up to 

one-sixth of the total photosynthate of the barley plant. 

Grantham (46) reported that awned cultivars out-

yielded the awnless wheat (Triticum aestivum L.) by 3*3 

bushels per acre. He also indicated that awnless wheat 

produced a relatively poor grain quality with more shrunken 

kernels. Harlan and Anthony (50), following removal of awns 

from barley, noted a yield reduction of 25%. However, 

Moskalenko (79) and Lamb (67) did not find a relationship 

between the presence of awns and yield productivity in wheat. 

Rosenquist (100) investigated the influence of awns 

on yield in wheat and found that wheats with awns produced 

kernels 15% heavier than those with awns clipped. Average 

weight of single kernels from 280 awnless spikes was 18.5 

mgm, 19«1 mgm from 300 intermediate spikes, and 19*4 mgm 

from 199 awned spikes. McDonough and Gauch (71) applied 

14 
COg to awned 'Durum* wheat and noted that an appreciable 
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amount of radioactivity was translocated from awns to 

kernels. They estimated that the contribution of awns to 

total weight of kernels was 12% of that produced by the 

entire plant. 

Wheat populations of awned and awnless spikes were 

studied by Patterson et al. (90). They found that awned 

lines yielded 1.0, 1»5, and 3«7 bushels more for 3 years of 

the experiment than awnless lines. Also, awned lines gave 

an average of 0.7, 1«3, and 1.1 pounds more per bushel for 

3 years than awnless populations. Average weight per 1,000 

kernels was also higher for awned lines compared to awnless. 

Similar observations are found by McNeal, Baldridge, and 

Berg (72), Bayles and Suneson (7), and Atkins and Norris (5)» 

Vervelde (124) studied awns' contribution to the grain yield 

of cereals. The contribution was found to be 10% for spring 

barley, 3 to 5% for winter wheat, and less than 2% for 

winter rye (Secale cereale L.). 

Miller, Gauch, and Gries (76), from a de-awning 

experiment with winter wheat at 7 to 10 days prior to 

anthesis, at anthesis, 1 week after anthesis, and 2 weeks 

after anthesis, observed an average percentage weight 

decrease in grain of 11.15, 9*37, 4.37, and 2.33, respec

tively . 

Photosynthetic activity in the ear was studied by 

Porter, Pal, and Martin (97)• They showed that barley 

gave a mean rate of 1.29 mg CO per ear per hour. The 



rate decreased and became zero with ripening of ears. It 

was concluded that about 30% of the dry weight of the spike 

resulted from carbon fixation by the ear. This work con

firms estimates obtained from shading experiments (2, 3, 

16, 97, 127. 128). Thorne (117) noted a rate of 1.0 mg CO^ 

_ 2 —1 
per ear per hour in the ear and 7«6 to 8.2 mg CO dm hr 

in the leaves of barley. He indicated that 40% of grain 

carbohydrate was provided by CO uptake of ears. By shading 

the ear, the photosynthetic rate of ears was lowered and 

the grain dry weight was decreased by 26%. 

A difference in photosynthetic rates was noted by 

Evans and Dunstone (39) in ears with and without awns in 

different lines of wheats. Awnless 'Gabo' cultivar showed 

a rate of 2.1 mg CO^ per ear per hour. A rate of 5*2 mg C0^ 

per ear per hour was observed in awned cultivar of 'Late 

Mexico 120. 1 

Developing grains in cereals have been reported to 

function as an active sink, drawing their carbohydrates 

from ears which perform the photosynthetic activity (4, 97)• 

By different shading techniques the contribution of ear 

photosynthesis to final dry weight of grain has been 

estimated. This contribution was reported from 19 to to 

76% in barley (15, ^5, ^7, 127) and from 17 up to 50% in 

wheat (3, 16, 4:0, 66). 

Actual ear photosynthesis increased between anthesis 

and maturity in cereals due to grain development and 
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expansion of the glumes (l4). Thorne (ll6) measured the 

photosynthetic activity of ears in 'Brant' cultivar of 

barley. He reported that photosynthesis in the ear accounts 

for 19% of the final dry weight during the first 2 weeks 

after emergence, 12% during the 3rd and 4th, and 3% during 

the 5th and 6th weeks. Continuous shading of ears decreased 

photosynthesis by 38% and grain weight by 43%. A signifi

cant reduction of yield was observed by Saghir, Khan, and 

Vorzella (102) as spikes of barley and wheat were shaded. 

Archbold (2) noted that early removal of flag-leaf 

sheath in barley reduced grain size and defoliation reduced 

sugar level in stem. Ear carbohydrate was provided 15% by 

leaves, 15% by flag-leaf sheath, 40% by stem and other 

sheaths, and 30% by the ear. Watson, Thorne, and French 

(128) measured dry matter yield in barley grain and reported 

a photosynthetic contribution of 26% from ears, including 

10% from awns, 59% from flag-leaf lamina, sheath, and 

peduncle, and 15% from parts of the sheath below the flag-

leaf. A similar result was noted by Enyi (38) in rice 

(Oryza sativa L.). Thorne (ll8) indicated that in barley, 

ear and flag-leaf each provided about 50% of the carbo

hydrate in the grain. 

Boonstra (ll) observed in wheat that the spike 

contributed 30%, the peduncle 10%, stem and leaf sheath 

35%, and leaf blades 25% of dry matter required for filling 

the grain. Carr and Wardlaw (17) measured the 
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photosynthetic rates of ears and leaves of wheats. They 

found that in awnless cultivars ear photosynthesis was 

similar to leaves and more than leaves in awned cultivars. 

It was also noted that in awned cultivars, awns contributed 

about 50% of the total ear photosynthate. 

Rate of Photosynthesis in Different 
Plant Species 

In evaluating the growth and yield performance of 

plants, photosynthetic rate could be an index. Various 

researchers have determined the rate of photosynthesis in 

different species of plants. 

Photosynthetic rates of Abutilon asiaticum G. Don., 

Ricinus communis L., and Helianthus annus L. were determined 

by Dastur and Desai (22). Their results indicated a maximum 

—  2  — 1  
rate of 106 mg CO2 dm hr at 36 C in H. annus while R. 

communis and A. asiaticum showed a rate of 54 and 44 mg C0„ 

— 2 —1 
dm hr at 36 and 34 C, respectively. Nutman (86) 

_ 2 _ ̂  reported a rate of 0.7 to 4.5 mg CO^ dm hr under field 

condition in leaves of Coffee arabica. He noted a reduc

tion in rate at high light intensity which he related to 

the closure of storaata. Several researchers (52, 69) 

found a rate of 9*57, 9*78, 15-0, and 5«0 mg CO dm ^ hr 

under optimum light intensity and normal concentration of 

COg for potato (Solanum tuberosum L.), spinach (Spinacia 

oleracea L.), apple (Pirus malus L.), and sugar cane 

(Saccharum officinarum L.), respectively. 
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El-Sharkawy and Hesketh (34) indicated that under 

higher light intensity and 300 ppm many tropical 

— 2 grasses have photosynthetic rates of 60 to 70 mg CO^ dm 

hr and deciduous trees of temperate zones have rates of 

-2 —1 
10 to 20 mg CO^ dm hr . From their observations they 

showed photosynthetic rates ranging from 20 to 60 mg CO 

— 2 -1 
dm hr for a number of monocotyledon and dicotyledon 

plants. 

It was suggested that the difference in these rates 

is associated with respiratory leakage of CO out of the 

leaf and some diffusion characteristics inside the leaf or 

rates or dark reaction of photosynthesis. King and Evans 

(65) studied artificial communities of wheat and lucerne 

(Medicago sativa L.) at 20 C and subterranean clover 

(Trifolium subterraneum) at 25 and 28 C and a light inten

sity of 3,300 ft.-c. and found rates of 48.5, 44.5, and 

-2 -1 
31.5 mg ̂ 2 ground area hr , respectively, for these 

-2 -1 
plants. A rate of 25 mg 00^ dm hr was indicated by 

Begg and Jarvis (10) in 'Townsville' lucerne (Stylosanthes 

humilis H.D.K.). This rate is comparable to the rate in 

some legumes given by Hesketh and Moss (54) and lower than 

the rate of other plant species reported by Hesketh (53), 

Hesketh and Moss (54), and El-Sharkawy, Hesketh, and 

Muramoto (35)• 

Photosynthetic rates in rice was studied by Murata 

(82) and Noguti (84). Their results indicated values of 
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—2 —1 1.4 to 6.7 mg CO,, dm hr under natural condition and 

rates of 4.4 to 19 «1 mg CO dm ^ hr """ at 30 C, 40 to 50 

Klux light intensity, and 0.03% CO^ concentration. 

Differences in rate of photosynthesis have been 

shown by several investigators. El-Sharkawy et al. (35) 

studied the rate of photosynthesis in 26 species of 

Gossypium at 300 ppm CO^, temperature of 35 C, and illumi

nation over 8,000 ft.-c. They found photosynthetic rates 

— 2 —1 
of 40 to 65 mg C0r> dm hr were common in many species. 

They also reported that some species of cotton had similar 

—  2  — 1  
rates to sunflowers (30 to 50 mg C0^ dm hr ) and some 

showed rates similar to corn and grasses (45 to 65 mg C0^ 

_ 2 -l 
dm hr ). Irvine (58) determined the photosynthetic 

rate of 10 cultivars of sugar cane by radio-analysis. He 

found significant difference among cultivars with rates 

— 2 —X 
ranging from 34 to 86 mg CO^ dm hr . Kendall and Taylor 

(63) studied three groups of red clover (Trifolium prat ens e 

L.) and measured the photosynthetic rate at 25 C, 225 to 

375 ppm C0g, and 3,500 ft.-c. light intensity. They 

measured an average rate of 18.7, 19»2, and 17*8 mg CO 

-2 -1 
dm hr for three groups. These differences were not 

significant but a significant difference in the rate of 

photosynthesis was observed among clones within the groups. 

Heichel and Musgrave (51) noted differences in 

photosynthetic rates among inbred, hybrid, and open 

pollinated cultivars of corn (Zea mays L.). They found 
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that the mean photosynthetic rate of temperate grown 

-2 -1 cultivars ranged from 21 to 59 mg CO^ dm hr . Moss 

(80), from COg fixation measurements of three inbreds and 

two single crosses of corn, found no significant difference 

in photosynthetic rates on a leaf area basis. No cultivar 

difference was noted in leaf photosynthesis of six inbreds 

and three single crosses of corn by Elmore, Hesketh, and 

Muramoto (32). Significant differences in rate of photo

synthesis among 29 cultivars and 22 races of corn, and 22 

cultivars of soybeans (Glycine max [L.] Merr.) have been 

reported (25, 28, 107) • 

Influence of Plant Age on the 
Rate of Photosynthesis 

Rate of photosynthesis apparently does not remain 

constant throughout the life cycle of plants. It seems 

that the photosynthetic rate rises as plants develop leaves, 

reaching a maximum with well developed leaves and declines 

in later stages of growth. 

Investigators have found variations in the rate of 

photosynthesis with aging of plants. Singh and Lai (108) 

grouped leaves of wheat, linseed (Linum usitatissimum L.), 

and sugar cane as juvenile, adolescent, and senescent at 

successive stages of growth. They found that the rate of 

photosynthesis was low at juvenile stage, maximum at 

maturity (adolescent), and decreased with increasing age or 

senescence in all three crops. They also indicated that 
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young leaves with a low content of chlorophyll showed a 

higher activity than mature leaves with a greater content 

of chlorophyll under the same conditions. Winokur (131) 

researched a Chlorella culture and reported that photosyn-

thetic rate increased during the first few days and 

declined with aging of the culture. 

Freeland (44) and Parker (89), from their experi

ment with attached and excised leaves in species of Abies , 

Picea, and Pinus found that the photosynthetic rate dropped 

with aging of leaves. Attached leaves showed a maximum 

rate of photosynthesis during the first season when leaves 

attained their" maturity and decreased beginning the second 

year of age. Bourdeau (12) found a low photosynthetic rate 

in June, maximum at the end of the growing season, and a 

decline to a negligible level in winter in Norway spruce 

(Picea excelsa Link) and blue spruce (Picea pun,gens 

Engelm.). Such reduction in photosynthetic efficiency was 

related to a decrease in chlorophyll content at the 

season's end. 

Photosynthetic efficiency of five age groups of 

'Deglet Noor 1 date palm (Phoenix dactylifera) leaves was 

determined by Nixon (83). He observed that the photosyn

thetic rate increased during the first year until young 

leaves reached full maturity and then declined with age. 

Leaves 4 years of age were only 65% as efficient as those 

1 year old. Thorne (115, ll6) found that relative growth 
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rate, net assimilation, and leaf area ratio decreased with 

age in sugar-beet (Beta vulgaris L.), potato, and barley. 

A variable process in the photosynthetic capacity 

of young leaves in sunflower (Helianthus annus L.) and tea 

(Camellia sinensis L.) .was reported by Barua (6). A 

-2 -1 
maximum photosynthetic rate of 31 mg ^0^ dm hr was 

reached in sunflower before leaves attained half their 

final size. Tea leaves showed a high rate of 16.2 mg CO^ 

-2 -1 dm hr after they reached half their final size. Both 

species had low rates at the beginning, a maximum when 

leaves were fully developed, and then a decline with age. 

Other investigators reported similar results for other 

plant species (21, 56, 60, 82, 106, 109)» The above 

findings are supported by Treharne, Cooper, and Taylor 

(120) who indicated that some older leaves even exhibited 

a negative value for photosynthetic rate. 

Moss and Peaslee (8l) studied the rate of photosyn

thesis of attached maize leaves at various ages on each 

plant. From a well-fertilized plant they noted little 

difference in photosynthetic rate between the second and 

— 2 -1 
eleventh leaf from the top (40 and 36 mg CO^ dm hr ), 

while the difference in age was 45 days. Photosynthesis of 

the 11th leaf from K-stressed plants was only 3% of that of 

— 2 —1 the 2nd leaf on the same plant (l and 33 mg dm hr ) . 

It was also suggested that if plants are well watered and 
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well fertilized, lower leaves, regardless of age, assimi

late COg a"t nearly the same rate as upper leaves. 

Pearce, Brown, and Blaser (91) investigated the 

photosynthetic change with age in alfalfa leaves grown in 

a growth chamber and in the field. They reported that 

photosynthetic rates decreased with age in both environ

ments. Field grown alfalfa leaves showed a rate of 52 mg 

—  2  — 1  
COg dm hr k days after unfolding, compared to 35 mg 

-2 -1 
CO^ dm hr for growth chamber leaves of similar age. 

Net photosynthesis decreased much faster with age in the 

field. Leaves from field grown alfalfa, 25 days after 

unfolding, had only 30% of the photosynthetic rate of 

leaves from the growth chamber. Forsyth and Hall (42) 

determined that young and middle aged leaves of lowbush 

blueberry (Vaccinium angustifolium Ait.) had a higher rate 

of photosynthesis compared to older leaves. This response 

was noted at light intensity of 1,000 ft.-c. and a CO^ 

concentration of 0.4%. 

Wada and Kuroda (125) found that the photosynthetic 

activity in Nicotiana tabacum, cv. 'Bright Yellow,1 leaf 

blades increased with age and reached a maximum after full 

expansion. After the termination of the expansion of the 

basal portion, the photosynthetic activity was high in the 

basal, low in the apical, and medium in the middle portion 

of the intact tobacco leaf blades. 
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Relation Between Chlorophyll Content 
and the Rate of Photosynthesis 

Several factors influence the rate of photosyn

thesis in plants. Among the internal factors, chlorophyll 

as a unit of light absorption has attracted the attention 

of several investigators. Even though this subject has 

been studied for a long time, a common agreement is still 

not achieved among plant scientists as far as the relation 

of chlorophyll content and the rate of photosynthesis is 

conc erned. 

Chlorophyll content and its relation to photosyn-

thetic activity was studied by Emerson (36) in green algae 

(Chlorella vulgaris). He found that photosynthetic activity 

of this algae was proportional to the content of chloro

phyll. Variation in chlorophyll content was established by 

addition of variable amounts of iron in the medium when the 

algae was cultured. Deficient iron medium caused a hetero

trophic Chlorella and, with addition of iron, Chlorella 

returned back to the autotrophic condition. Fleischer 

(4l) supported Emerson's conclusion. Similar results were 

found by certain other investigators with Oryza sativa (82), 

Zelkova serrata (lOl), and mulberry tree (Morus alba L.) 

(ll4). A later study with Chlorella pyrenoidosa by 

Emerson, Green, and Webb (37) indicated that the maximum 

amount of CO^ reduced per flash of light was not directly 

associated to the amount of chlorophyll content. It was 
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suggested that it could be related to some other internal 

factor. 

Sestak and Catsky (106) studied the net photosyn-

thetic rate and chlorophyll content in different age groups 

of leaves of Nicotiana sandera Hort. They reported a high 

correlation coefficient (r = .9^0 between the rate of photo

synthesis and chlorophyll content. Sestak (104, 105) found 

a correlation coefficient of 0.917 for photosynthetic rate 

with chlorophyll content in sugarbeet leaf disks. In the 

same study he reported that cabbage (Brassica oleracea L.) 

disks showed a correlation coefficient of O.961 at ages of 

131 to 133 days for total chlorophyll content and the photo-

synthetic rate. Also, a linear relation between the photo-

synthetic C0^ uptake and chlorophyll content was found by 

Haraguchi and Shimizu (^9) in five cultivars of tobacco. 

One cultivar, Burley 21, did not show this relationship. 

Different conclusions have been drawn by other 

investigators. Plester (96), working with yellow, light 

green, and normal cultivars of plants, did not find a 

direct relationship between chlorophyll content and the rate 

of photosynthesis. Willstatter and Stoll (129, 130), 

working with excised leaves of yellow, etiolated, chlorotic, 

and normal plants also did not find any relation. Dastur 

and Desai (22) noted that all tropical species showed a 

high rate of photosynthesis with higher water content but 

higher rates did not show a high content of chlorophyll; 
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i.e., HelLanthus annus L. with 0.00119 g of chlorophyll 

2 
content/dm of leaf area showed an assimilation rate of 

0.0728 g C0j> dm ^ hr at 37 C, while the species with 

0.0009 g chlorophyll/dm^ had a rate of O.O83O g CO^ dm ^ 

hr ^ at 33 C. Pickett and Kenworthy (9^) studied three 

cultivars of apple trees (Pyrus malus L.) grown in the 

greenhouse. A significant correlation (r = .70) was found 

between the ratio of the internally exposed surface to the 

external surface of apple leaves and their photosynthetic 

activity. A non-significant value of 0.24 between the 

chlorophyll content and photosynthetic activity was found. 

Hudock et al. (57) worked with a mutant strain of 

the unicellular green algae Y-2 (Chlamydomonas reinhardi). 

It was concluded that a factor directly related to chloro

phyll synthesis or content was not responsible for increase 

in the rate of photosynthetic reaction. It was also 

suggested that chlorophyll synthesis acts as an inducer of 

the process of photosynthesis. 

Photosynthetic activity and chlorophyll content of 

two tobacco cultivars were determined by Wada, Watanabe, 

and Kuroda (126). Higher chlorophyll content was not 

associated with a higher photosynthetic rate. Cultivar 

2 
Bright Yellow with a chlorophyll content of 5«2 mg/dm had 

a similar photosynthetic activity to cultivar 'Consolation 

k02' with a chlorophyll content of only 2.2 mg/dm . Similar 
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results were reported by Barua (6), Michael (75), and 

Singh and Lai (108). 

A wide range of chlorophyll content expressed as 

mg/g of fresh weight or green weight has been found within 

different plant species. Wolf and Wolf (133) investigated 

the quantity of chlorophyll in 12 cultivars of tobacco. 

They reported a range of O.^k to 1.6 mg of total chloro

phyll per g of fresh weight. Chlorophyll content of a 

number of monocotyledon and dicotyledon species was deter

mined by Brougham (13) who found a chlorophyll content 

ranging from 1.4 to 2.9 mg/g of green weight. Dicotyledon

ous species exhibited significantly higher chlorophyll 

content than monocots 

Starnes and Hadley (112) studied chlorophyll content 

of four commercial strains of soybeans. They found a total 

chlorophyll content of 109 to 2$k mg/lOOg fresh weight. 

Intensity of green color in foliage did not necessarily 

mean a higher chlorophyll content. A strain with a light 

green foliage contained a total chlorophyll content of 

202 mg/lOOg, while a strain of dark green foliage gave a 

value of 188 mg/lOOg fresh weight. 

Since chlorophyll is an essential factor in the 

process of photosynthesis, the relation of chlorophyll to 

yielding ability in crop plants has been investigated. 

Three strains of corn were studied by Sprague and 

Shive (ill) in relation to total chlorophyll content and 
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the dry weight of tops at successive harvests. They found 

that strains with high chlorophyll concentration per unit 

leaf area also had high average rates of increase in dry 

weight of tops. A similar result was obtained by Sprague 

and Curtis (110) in hybrid corn. 

Miller and Johnson (77) obtained different results. 

Correlation coefficients of -.065, -»328, .105, and .1^7 

were found between the total chlorphyll and yielding 

ability for single crosses and inbred lines of sweet corn 

and field corn respectively. Recent work by Oelke and 

Andrew (87) gave similar results. No correlation was found 

between chlorophyll concentration and ethanol soluble 

sugars, crude protein, dry weight production, and ear 

weight. 

Johnson and Miller (62) studied 55 clonal lines of 

•Fairway1 crested wheat grass (Agropyron cristatum [L.] 

Gaertn.) and 76 clonal lines of 'Parkland' brome grass 

(Bromus spp.). They concluded that significant differences 

existed in percentage of total carotenoid pigments, beta 

carotene, and total chlorophyll among the lines. No sig

nificant relation was observed between the total chloro

phyll or carotene and yielding ability. 

Stomata and Photosynthesis 

Carbon dioxide supply is one of the major factors 

in the process of photosynthesis. A bulk of CO diffuses 
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into leaf intercellular space from the atmosphere and 

diffuses out in the process of respiration through stomata 

(7^). The number of stomata per unit leaf area on the 

upper or lower epidermis of leaves varies within plant 

species. Investigators have determined the frequency of 

stomata per unit leaf area and their relation to photo

synthesis . 

Five cultivars and two experimental lines of 

alfalfa were studied by Cole and Dobrenz (19)• They ob-

2 
served that average stoma density ranged from l46 per mm 

for 'Sonora' to 265 per mm for 'Ladak.1 Adaxial (upper) 

leaf surface showed significantly higher stoma number than 

abaxial (lower) surface. Ormrod and Renney (88), Freeland 

(43), and Begg and Jarvis (10) have shown that a majority 

of species have more abaxial stomata than stomata on the 

adaxial surface of the leaf. Northen (85) and Meyer, 

Anderson, and Bohning (74) also reported variations in 

stoma numbers within different plant species. 

The relationship of stoma density to water-use 

efficiency has been studied. Dobrenz et al. (24) investi

gated six clones of blue panicgrass (Panicum antidotale 

Retz.). They found that although stoma density ranged 

2 
from 78 to 165 per mm , no significant association was 

noted between stoma density and water efficiency. 

Freeland (43) determined apparent photosynthesis 

in plants of different stoma distribution and cutical 



2 k  

thickness. He found that plants with no stoma on the upper 

epidermis (Coleus .. avocado, and rubber plant fHevea 

brazilieensis1) had a significant amount of CO diffused 
1 & 

through the epidermis but a higher diffusion rate in the 

lower epidermis. Coleus showed an apparent photosynthesis 

— 2 -1 -2 
of 3.1 mg COg dm hr in the upper and 10.1 mg CO^ dm 

hr in the lower epidermis. These results indicate that 

stomata are not the sole pathway for CO diffusion into and 
tit 

out of leaves. In plants with stomata on both surfaces of 

leaf (bean [Phaseolus spp.], tobacco, geranium [Pelar

gonium spp.]) the amount of apparent photosynthesis related 

to stomatal diffusion and epidermal diffusion cannot be 

separated. With this type of plant, CO diffusion did not 

always show a correlation with stoma frequency and distri-

2 bution. Tobacco, with 3,000 stomata per cm on the lower 

— 2 — !L 
epidermis had a photosynthetic rate of 3*6 mg C0^ dm hr 

2 and geranium with 15,000 stomata per cm showed a rate of 

3-7 mg CO^ dm ^ hr . 

No relationship was reported by Hesketh (53) 

between photosynthesis and stoma numbers or length and 

arrangement of stomata in a leaf. El-Sharkawy and Hesketh 

(33) suggested that the presence of some unknown factors, 

besides stoma number, limits the rate of photosynthesis. 

o 
Irvine (58) found stomata density of 192 to 33^ per mm in 

sugar cane and indicated that no significant correlation 

existed between photosynthesis and stomata density. 



Influence of Leaf Removal on the Production 
Capacity and Yield in 

Different Crops 

Green leaves are the primary sites of sugar forma

tion through the process of photosynthesis and, therefore, 

play a vital role in the life of plants and production of 

food materials. Any damage to leaves will bring a reduc

tion in biological efficiency of plants. 

Dungan (30) observed that any kind of damage to 

corn blades lowers grain quality and yield. Tearing the 

sides of the blades from the midrib and leaving them intact 

only at the base resulted in a 25% yield reduction. Any 

damage at early silk stage reduced the grain quality and 

caused a 20% grain reduction (29)• Dibble and Marston (23) 

reported that topping above the corn ear dropped the yield 

by 39%« Topping to 12 inches and 20 to 2k inches above the 

ear corresponded to a yield reduction of 12 and 5%, 

respectively. Kiesselbach and Lyness (64) maintained that 

complete defoliation in the initial tassel stage in the 

corn resulted in a production of only 1% of normal grain 

yield. Meanwhile, they reported that removal of the outer 

half of each leaf in the initial tassel stage resulted in 

70% of normal yield. In the full tassel stage, removal of 

all, half, or one-fourth of each leaf resulted in yields 

of 6, 77, and 92% of normal. Minor injuries in a single 

leaf caused reduction of 20% and simulation of hail damage 

to the leaves gave a yield of 45 to 90% of normal. 
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Eaton and Ergle (31) removed longitudinally a half 

of each old leaf and a half of each new leaf in cotton 

weekly at the time of first flower. This treatment re

sulted in a reduction of 42% in the sums of sugar and 

starches, 28% in plant height, 5% in number of main stalk 

nodes, and l4% in yield. Relative fruitfulness was slightly 

increased as was fiber strength. Womack and Thurman (13^) 

showed that leaf removal at the boot stage in wheat was 

very critical and caused a significant reduction in yield. 

In oats (Avena sativa L.) a leaf area removal of 30 and 40% 

reduced the yield significantly compared to the check 

treatment. 

Effect of defoliation on oil content and yield was 

evaluated in some oil producing crops. Urie, Leininger, 

and Zimmer (123) investigated the effect of partial or total 

defoliation of safflower plants at different growth stages. 

They observed that complete defoliation reduced the yield 

by 21%. Oil content of the seed was increased by 9%• The 

floral bract was not disturbed in any defoliation treatment. 

Beech (9) reported that increasing severity of leaf removal 

in safflower was detrimental to seed yield and oil content. 

He also indicated that removal of 75% of the plant leaves 

reduced the yield of oil per acre by 50%. 



MATERIALS AND METHODS 

Experiment Number 1 

Planting 

One hundred and seventy-six pots, 15 cm in diameter, 

were filled with an air-dried soil containing peat moss and 

clay loam soil in a 50-50 v/v mix. Prior to utilization, 

this soil mix was pasteurized at 71 C. The pots were placed 

on the greenhouse bench which was partitioned into four 

trays with 44 pots in each tray. 

Seeds of two cultivars of safflower, Rio and Pacific 

I, were used for planting. Eighty-eight pots were planted 

with Rio seeds and the remaining 88 pots with Pacific I 

seeds on June 8, 1970. Twenty seeds were sown in each pot, 

with 2 seeds per hole, in a circular pattern at a depth of 

1.3 cm. Eight days after germination, seedlings of both 

cultivars were thinned to 10 per pot. 

The temperature in the greenhouse ranged from 24 to 

43 C and relative humidity from 30 to 100%. For the weekly 

high and low temperature and relative humidity means, refer 

to Appendix Table A-l. 

Pots were sub-irrigated for proper germination with 

no addition of inorganic nutrients until plants emerged. 

Eleven days after sowing the plants were fertilized with 

27 



full strength Hoagland's nutrient solution (55) supplied as 

a sub-irrigation solution. This nutrient solution was 

applied once a week at early stages of growth. As plants 

approached branching and flower bud formation, one and one-

half strength Hoagland's solution was applied twice a week. 

After blooming, the solution was provided once a week until 

the project was terminated. 

Established plants of both cultivars were sprayed 

with Diazinon (0,0-diethyl-0-[2-isopropyl-4-methyl-6-

pyrimidinyl]phosphorothioate) for aphid control. Spray was 

repeated each 3 days for a total of 3 applications and a 

complete control of aphids was observed with no adverse 

effect on plants. 

From the established plants, materials were ob

tained at various stages of growth to study the number of 

stomata in cotyledons, true leaves, floral bracts, chloro

phyll content in leaves and bracts, and the internal 

structure of leaves and bracts. 

Stoma Density in Cotyledons, Leaves, and Bracts 

Fifteen days, 30 days, and 45 days after planting, 

two pots of each cultivar were randomly selected for study 

of stomata density. Seedlings at 15 days after planting 

had two expanded cotyledons with the terminal bud pro

truding. Thirty days after planting, plants had a height 

of approximately 25 to 30 cm and had begun to branch. 



Plants of both cultivars reached a height of approximately 

36 to 40 cm at 45 days after planting. They showed well 

developed flowering heads and expanded floral bracts. 

Lower bracts of the primary heads were chosen for study. 

A thin layer of cellulose acetate was applied on 

the upper and lower epidermis of the cotyledons, leaves, 

and bracts. The procedure described by Cooper and Quails 

(20) and Long and Clements (68) was followed. After a few 

minutes, the hardened acetate film was gently lifted with 

a forcep, inverted, and placed on a glass slide. The 

impressions on the slides were covered by cover slips, the 

edges of which were glued in place. 

A total of 12 impressions from cotyledons and a 

total of 2 k  impressions each from leaf and bract surfaces 

were prepared from both cultivars. Ten microscopic fields 

(450X) on each impression were counted and averaged. The 

2 
number of stomata were expressed per mm of adaxial (upper) 

and abaxial (lower) surfaces of cotyledons, leaves, and 

bracts. Photomicrographs of impressions left in the 

cellulose acetate film by stomata were obtained. 

For statistical analysis of the data, a split-plot 

design was utilized with safflower cultivars as a main 

plot and surfaces of the cotyledon, leaf, and bract as 

sub-plot (18). 
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Chlorophyll Content 

Well developed leaves of cultivars Rio and Pacific 

1 were used for chlorophyll content determination kO days 

after planting. Plants had developed their flowering heads 

but were not in bloom. Fifty-two days after planting, when 

plants of both cultivars were in bloom stage their floral 

bracts were selected for chlorophyll content determination. 

Total chlorophyll (chlorophyll + chlorophyll b^) 

of bracts and leaves was determined following the procedure 

of Robbelen (99)• After the random collection of true 

leaves and bracts, 0.5 g fresh weight of each was weighed. 

Ten samples of 0.5 g each were obtained for leaves and 

bracts of each cultivar. 

Weighed samples of leaf and bract tissues were cut 

into small pieces and placed in a full line voltage Omni-

Mixer Type 0M-1150 (Sorvall Inc., Newton, Conn.). The pig

ment was extracted by grinding the leaf or bract tissues for 

2 minutes in 100 ml of 85% aqueous acetone containing a 

pinch of CaCO^. The acetone solution of the pigment was 

removed from the debris by a Buchner funnel through suction 

filtration. The filtrate was restored to 100 ml and kept 

in dark. 

The total pigment was estimated by obtaining the 

0D (optical density) values at 663 and 6kk mja using a 

Beckman DB-G spectrophotometer (Becktnan Instruments, Inc., 

Fullerton, Calif.). Quantitative data were obtained by 



31 

using the following equations of Robbelen (99): 

Chlorophyll a_ mg/l = 10-3 ^^^663 ~ 0.918 

Chlorophyll b mg/l = 19-7 (0D> " 3*8? (OD)663 

Total chlorophyll = ch a mg/l + ch b mg/l. 

The total chlorophyll was expressed as mg chlorophyll per 

0.5 £ of leaf or bract fresh weight. Data obtained were 

subjected to analysis of variance. 

Anatomy 

Sixty days after planting, five plants of each 

cultivar, in the past bloom stage of growth, were randomly 

selected. Well developed leaves and bracts were removed, 

sectioned, and placed separately in vials of formalin-aceti 

acid (FAA) to be killed and fixed. According to a techniqu 

outlined by Johansen (6l), the leaf and bract tissues were 

then dehydrated with tertiary butyl alcohol and embedded in 

paraffin blocks. Embedded blocks of leaf and bract tissue 

were microtomed at 12|i, mounted, and stained with safranin 

and fast green. Photomicrographs were obtained from the 

cross sections of both bracts and leaves. 

Experiment Number 2 

Planting 

Fifty-six pots, 7*5 cm in diameter, were filled 

with ready-made soil of 1/2 clay loam and 1/2 peat moss by 
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volume. Twenty-eight pots were sown with 3 seeds per pot 

of Rio and 28 others with 2 seeds per pot of Pacific I 

cultivars of safflower. The seeds were planted at a depth 

of 1.3 cm on June 1, 1971 • 

After planting, the pots were divided into 8 

saucers with 7 pots per saucer and placed on the beds of a 

growth chamber Model CEL 25~7HL (Sherer-Gillett Co., 

Marshall, Mich.). The pots were placed about 20 cm away 

from the source of light. Saucers containing the 2 

cultivars were placed alternately in the chamber to minimize 

experimental variation due to plant position on the plant 

bed. Enough distilled water was added daily in each saucer 

to moisten the soil from the bottom and promote uniform 

germination. 

The growth chamber was set at a temperature of 30 C 

and kept dark until emergence had occurred. The relative 

humidity ranged from 35% at early stage to 95% at developed 

stages of growth. For the weekly high and low temperature 

and relative humidity means, refer to Appendix Table A-2. 

Four days after initial sub-irrigation, 75% germination was 

noted for both cultivars. 

The growth chamber was provided with incandescent 

bulbs and fluorescent tubes which supplied a light intensity 

of approximately 3,700 to *1,000 ft.-c., 30 cm from the 

light bank, the level at which the top of the plant canopy 

was maintained. The intensity was measured by a Weston 
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light meter Model 756 (Weston Instruments, Inc., Newark, 

New Jersey). After germination, plants were grown with a 

12 hour photoperiod. The temperature was set at 30 and 35 

C for the light and dark period, respectively 

A week after planting, germination was completed 

and nutrient fertilizer was added. Half-strength Hoagland's 

solution (55) was applied once a day in each saucer to be 

utilized as sub-irrigation. Hoagland's solution was 

applied twice a day, 3 weeks after planting when plants were 

still in vegetative stage. 

Seedlings 10 days old were thinned, leaving one 

healthy plant per pot. 

The photoperiod was extended 11 days after planting 

to l4 hours. Twenty-four days after planting, the juvenile 

foliages showed signs of leaf-tip burn which persisted. The 

tip burn was avoided on subsequent growth by lowering the 

temperature to 27 and 21 C for the light and dark periods, 

respectively. 

Plant materials were obtained from both cultivars 

at vegetative and flowering stages of growth for determin

ing the uptake of The experiment was terminated 60 

days after planting. 

Measurement of C0r> Assimilation 

To estimate the photosynthetic activity of leaves 

and bracts, the rate of assimilation was measured. 
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Five plants of each cultivar were selected at random at 

different stages of growth. 

For photosynthetic measurement of attached leaves 

and bracts, an air-sealed chamber (37•5 cm long and 6.8 cm 

in diameter) similar to that described by Wolf et al. (132) 

was used. A Beckman infrared C0o analyzer (Beckman Model 

1R215A, Beckman Instruments, Inc., Fullerton, Calif.), 

calibrated with standard air-CO mixture, was used. The 

shoot of safflower plant was inserted through the opening 

end and air-sealed. 

In the vegetative stage, shoots with true leaves 

were used for leaf CO uptake. In the flowering stage, 
tit 

primary branches with floral bracts and true leaves were 

used. Floral bract COr> uptake was estimated by stripping 

off the leaves and placing the flowering head in the 

reaction chamber. The leaf activity was estimated using 

shoots from which the flowering heads had been removed. 

Compressed natural air was passed through the intak 

into the assimilating chamber by a suction pump at a rate 

of 3•5 liters per minute. The rate of the air passing the 

chamber was regulated by a flow meter. A column of 

anhydrous silica gel was used as a dessicant to absorb the 

humidity of the exhaust air before it entered the analyzer. 

The output of the analyzer was fed to the recorder (Beckman 

10 inches recorder) and the uptake of C0Q was determined 

from the difference between CO concentration before and 
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after passing through the reaction chamber. The difference 

was recorded, the values were determined after establish

ment of a constant output, and the rate of assimilation was 

comput ed. 

The measurement was accomplished under natural 

sunlight, ranging in intensity from 10,500 to 12,00 ft.-c. 

and temperatures of 36 to k7 C. 

Photosynthetic rate of leaves and bracts was 

estimated from the uptake of CO and expressed as mg CO 

assimilated per square decimeter of leaf or bract area per 

— 2 —1 
hour (mg CO dm hr ) . 

In computing the rate of CO assimilation the 

following formula of Hesketh and Moss (5^) was used: 

P = K.F. A CO /A 

where: P = the photosynthetic rate of CO^ assimilated 

per square dm of leaf or bract area per 

hour (mg C0^ dm ^ hr "*") . 

F = the air flow through the chamber in liters 

per minute. The reading obtained from a 

calibration curve and flow meter setting. 

K = the constant conversion of volume of CO to 
4*t 

milligram of CO : 
dt 

kk.000 273 ™ /, ... 
22.k X 273W = mg C02/llter* 
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ACOg = calibrated value (ppm) per division, on 

the recorder x A readings on the recorder. 

A = the leaf or bract area in square decimeters. 

The leaf and bract area was determined after the 

measurement of photosynthesis. Leaves and bracts were 

detached and their area was determined by an airflow plani-

meter described by Jenkins (59)• 

For statistical analysis, a completely randomized 

design for vegetative stage and a split-plot design with 

cultivar as a main plot and leaf and bract as a sub-plot 

for flowering stage were utilized. Also, a completely 

randomized design with two factors, sampling date and 

cultivar, was utilized in determining the effect of sampling 

date on the rate of uptake (l8). 



RESULTS AND DISCUSSION 

Stoma Density in Rio and Pacific I 
Cultivars of Safflower 

Cotyledons 

Stoma density as observed and counted in cultivars 

and in surfaces of safflower cotyledons is shown in 

Table 1. 

Table 1. Mean values of 10 microscopic field counts of 
stoma density on the upper and lower surfaces 
of cotyledons in cultivars of safflower grown 
under greenhouse conditions. 

Number 
2 

of stomata/mm 

Cultivar Sample Number Upper Lower 

Rio 1 98.0 103.3 
2 119.0 214.9 
3 103-0 126.6 

Mean 106.7 149 .2 

Pacific I 1 70.9 75.6 
2 72.4 78.0 
3 66.5 74.4 

Mean 69.9 76.0 

In Rio the mean stoma density on the upper and 

lower surfaces of the cotyledons was 106.7 and l49«2 per 

2 
mm , respectively. Pacific I had a mean stoma density of 

37 
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69•9 and 76.0 for the upper and lower surfaces of the 

2 
cotyledon per mm , respectively (Table l). 

Cotyledon stoma density differences with regard to 

both cultivars and surfaces were non-significant (p = .05) 

(Table 2). 

Table 2. Analysis of variance for the number of stomata/ 
mm^ on upper and lower surfaces of cotyledon in 
Rio and Pacific I cultivars of safflower. 

Source DF Mean Square F 

Total 12 
Mean 1 
Cultivars (A) 1 8910.8 7.28 NS 
Error--A 4 1223.5 
Cotyledon Surfaces (B) l 1704.1 2.95 NS 
Interaction (AB) l 743.4 
Error--B 4 577-6 

NS = Non-significant at .05 level. 

The photomicrograph (200X) presented in Fig. 1 

shows the frequency and distribution of stomata on the 

upper and lower surfaces of the cotyledon. All stomata 

were counted under 450X magnification. 

Plants of Rio were more vigorous in the seedling 

stage of growth than Pacific I. Factors other than stomata 

density must account for this vigor difference. Other 

workers have found no correlation between leaf stomata 

density and the rate of photosynthesis (43, 53, 58). 
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Fig. 1. Photomicrographs of safflower cotyledons (200X) 
representing the frequency and distribution of 
stomata -- A: Rio, upper surface; B: Rio, lower 
surface; C: Pacific I, upper surface; D: Pacific 
I, lower surface. 
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True Leaves 

Stomata density was found to vary between Rio and 

Pacific I cultivars of safflower and between epidermal 

surfaces of true leaves (Table 3)» 

Table 3» Mean values of 10 microscopic field counts of 
stoma density on the upper and lower surfaces 
of true leaves in cultivars of safflower grown 
under greenhouse conditions. 

Number 
2 

of stomata/mm 

Cultivar Sample Number Upper Lower 

Rio 1 163.2 196.7 
2 165.6 189.5 
3 171 • 2 198.3 
4 174.4 198.3 
5 148.1 179.9 
6 151.3 168.0 

Mean 162.3 188.4 

Pacific I 1 157.6 I65.6 
2 152.1. 170.4 
3 l4o .1 160.0 
4 147-3 177-5 
5 136.1 159-2 
6 205.4 216 .6 

Mean 156 .4 174.9 

In Rio the mean stomata per 
2 -p mm for upper and lower 

leaf epidermal surfaces was 162.3 and 188.4, respectively. 

2 
Mean stoma density in Pacific I leaf per min was 156.4 and 

174.9 for upper and lower surfaces, respectively. Lower 
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leaf surfaces of both cultivars showed a greater number of 

2 
stomata per mm than their upper surfaces (Table 3)» 

Cultivars Rio and Pacific I did not show any-

significant difference (p = .05) in number of stomata, but 

a highly significant difference (p = .01) was noted between 

the surfaces of the leaf, the density being higher on the 

lower surface (Table 4). 

Table 4. Analysis of variance for the number of stomata 
per inm^ of the upper and lower surfaces of true 
leaves in Rio and Pacific I cultivars of 
safflower. 

Source DF Mean Square F 

Total 24 
Mean 1 
Cultivars (A) 1 563.8 0 .860 NS 
Error--A 10 655.1 
Leaf Surfaces (B) 1 2982.2 116 .8** 
Interaction (AB) 1 88.6 
Error--B 10 25.5 

NS = Non-significant at .05 level. 

**Significant at .01 level. 

A photomicrograph (200X) is shown in Fig. 2 which 

indicates the density and distribution of stomata on the 

upper and lower surfaces of the leaf in two cultivars of 

safflower. 

The stoma density found on the leaf surfaces is 

close to the range reported by Cole and Dobrenz (19) in 



Fig. 2. Photomicrographs of safflower leaves (200X) 
showing the distribution and frequency of stomata 
-- A: Rio, upper surface; B: Rio, lower surface; 
C: Pacific I, upper surface; D: Pacific I, lower 
surface. 
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alfalfa cultivars. Presence of higher stoma density on the 

lower surfaces of the leaf is in agreement with the results 

obtained by others (10, 43, 88) in a number of plant 

species studied. 

Floral Bracts 

A similar pattern of stoma distribution was noted 

on surfaces of floral bracts compared with true leaves. 

Safflower cultivars and surfaces of the bract seemed to 

have variable densities of stomata (Table 5)• 

Table 5. Mean values of 10 microscopic field counts of 
stoma density on the upper and lower surfaces of 
floral bracts in cultivars of safflower grown 
under greenhouse conditions • 

2 
Number of stomata/mm 

Cultivar S amp 1 e N umb er Upper Lower 

Rio 1 204.6 238.1 
2 179.1 202.2 
3 174.4 199.8 
4 169.6 221 .3 
5 178.3 193-5 
6 178.3 220.5 

Mean 180.7 212.6 

Pacific I 1 217.4 242.8 
2 225.3 241.4 
3 209-3 237.3 
4 219.7 211.8 
5 208.6 236.5 
6 216.6 258 .8 

Mean 216.2 238.0 
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Floral bracts showed higher stoma density than true 

leaves on both surfaces in Rio and Pacific I cultivars of 

safflower. In contrast to the leaf, Pacific I showed a 

higher stoma density on the upper and lower surfaces of the 

2 
bract compared to Rio cultivar. Mean stoma density per mm 

in Pacific I bract was 216.2 and 238.0 for the upper and 

lower surfaces respectively. Rio upper and lower surfaces 

2 
mean stoma density per mm was 180.7 and 212.6. Bracts of 

both cultivars showed a higher stoma density on their lower 

compared with upper surfaces (Table 5)« 

A highly significant difference (p = .01) in stoma 

density was noted between the safflower cultivars and 

between surfaces of floral bracts (Table 6). 

Table 6. Analysis of variance for the number of stomata/ 
mm on upper and lower surfaces of floral bracts 
in Rio and Pacific I cultivars of safflower. 

Source DF Mean Square F 

Total 24 
Mean 1 
Cultivars (A) 1 5576.9 23 .54** 
Error--A 10 236.9 
Bract Surface (B) 1 4347.7 37 .4o* * 
Interaction (AB) 1 139.1 
Error--B 10 116.2 

**Significant at .01 level. 
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Density and distribution of stomata on floral 

bract surfaces of safflower cultivars is shown in Fig. 3» 

As far as the growth condition of Rio and Pacific I 

cultivars of safflower in the greenhouse is concerned, Rio 

made a vigorous growth with extensive flowering branches. 

Rio's flowering heads were more numerous and larger in size 

when compared to Pacific I plants (Fig. 4). No significant 

difference was noted between the Rio and Pacific I true 

leaf stoma density, but Rio's bract was found to have fewer 

stomata than Pacific I (Tables 4 and 5)* From this finding, 

it can be extrapolated that Rio's advance growth is related 

to some factors other than stoma density. 

True Leaves and Floral Bracts 

True leaves and floral bracts were compared with 

2 
regard to stoma density per mm on their upper and lower 

surfaces (Table 7)« 

Floral bracts contained a higher number of stomata 

2 
per mm than true leaves on both surfaces. Upper and lower 

2 
bract surfaces showed a mean stoma density per mm of 198.4 

and 255*3, respectively. True leaves appeared to have 

2 
fewer stomata per mm on both surfaces as compared to 

2 floral bracts. Leaf mean stoma density per mm was 159 

and l8l.7 for upper and lower surfaces, respectively 

(Table 7)• 
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Fig. 3• Photomicrographs of safflower floral bracts (200X) 
showing the distribution and frequency of stomata 
-- A: Rio, upper surface; B: Rio, lower surface; 
C: Pacific I, upper surface; D: Pacific I, lower 
surface. 
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Fig. k. Morphological comparison of Rio and Pacific I 
cultivars of safflower plant and plant 's part grown 
under greenhouse condition — A: Rio and Pacific 
I plants at the flowering stage; B: both cultivars 
at the same age, Rio with 3 flowering branches and 
Pacific I did not branch; C: flowering heads, Rio 
larger head and Pacific I smaller. 
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Table 7* Mean values ofglO microscopic field counts of 
stomata per mm on the upper and lower surfaces 
of safflower true leaves and floral bracts grown 
under greenhouse conditions. 

Number 
2 

of stomata/mm 

Plant Organ Sample Number Upper Lower 

True Leaf 1 160.4 181.1 
2 158.9 179.9 
3 155.7 179-1 
4 160.8 187.9 
5 142.1 169 .6 
6 178.3 192.4 

Mean 159.4 l8l .7 

Floral Bract 1 211.0 240.5 
2 202 .2 221 .8 
3 191.9 218.6 
4 194.7 216.6 
5 193.5 215.0 
6 197.5 239.5 

Mean 198.4 225.3 

True leaves and floral bracts showed a significant 

difference (p = .01) in stoma density 
2 

per mm with higher 

a ;  

density on the bract surfaces. A significant difference 

(p = .01) was also noted in stoma density between the upper 

and lower surfaces of the leaf and bract (Table 8). Lower 

surfaces of the leaf and bract had higher stomata number 

than their upper surfaces. Both surfaces of the bract 

showed more stomata than true leaf. In the bract itself, 

the lower surface had a higher stoma density than the upper 

surface (Table 7)• 
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Table 8. Analysis of variance for the stomata per mm of 
leaves and bracts and their surfaces in 
safflower. 

Source DF Mean Square F 

Total 2k 
Mean 1 
Leaf and Bract (A) 1 10259•k 6l .12** 
Error--A 10 167.8 
Surface (B) 1 3628.3 155.59** 
Interaction (AB) 1 31 .1 
Error--B 10 23.3 

**Significant at .01 level. 

In green plants , practically all of the CO^ enter

ing plant leaves diffuses through the stomata and a small 

portion directly through the epidermis (73) • Considering 

this fact and the data obtained, safflower plants are 

naturally provided with another organ, the floral bract, 

with higher stoma density than true leaves (Table 7)• 

Therefore, could be supplied efficiently through the 

bracts and leaves stomata for the process of photosynthesis. 

Presence of .floral bracts in safflower makes it capable of 

providing energy rich carbohydrate for seed development 

when most of the leaves are old and less active in photo

synthesis. Further study is required to investigate the 

complete physiological contribution of bracts to the 

safflower plant. 
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Floral bracts and true leaves are shown in Fig. 5 

for a comparison of morphological attributes. 

Total Chlorophyll Content of Leaves and Bracts in 
Rio and Pacific I Cultivars of Safflower 

Leaves and bracts of both cultivars showed a 

variable content of total chlorophyll per 0.5 g fresh 

weight. The comparative relation with regard to chloro

phyll content was studied (Table 9)* 

Floral bracts in both cultivars showed a higher 

content of total chlorophyll per 0.5 g fresh weight than 

true leaves. Pacific I leaf and bract contained more total 

chlorophyll content than Rio. Bracts in Pacific I and Rio 

showed a mean total chlorophyll content of O.669 and 0.620 

mg per 0.5 g fresh weight, respectively. Leaves in Pacific 

I and Rio had a mean total chlorophyll content of 0.619 

and 0.577 mg per 0.5 g fresh weight, respectively (Table 9)« 

A highly significant difference (p = .01) was noted 

between the floral bract and true leaf and also a signifi

cant difference (p = .05) was noted between the cultivars in 

total chlorophyll content (Table 10). 

The total chlorophyll content found in floral 

bracts and true leaves is in agreement with the range 

obtained by Wolf and Wolf (133) in. 12 cultivars of tobacco. 

In safflower, as the plant ages, leaves become 

yellow due to chlorophyll degradation which adversely 

affects photosynthetic efficiency. Bracts, on the other 



51 

A 

B 

Fig. 5. Floral bracts and true leaves of safflower plant 
-- A: floral bracts (right) removed from the 
flowering head (left); B: leaves (top) removed 
from the main stem of a single plant, large leaves 
arranged as they appeared from the base to the tip 
of the stem. Bracts (bottom) removed from a 
single flowering head. 
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Table 9« Total chlorophyll content as mg/0.5 g fresh 
weight of true leaves and floral bracts in Rio 
and Pacific I cultivars of safflower grown under 
greenhouse conditions. 

Total Chlorophyll, 
mg/0.5 g fresh weight 

Cultivar Sample Number Leaf Bract3 

Rio 

Pacific I 

1 0.575 0.632 
2 0.607 0.643 
3 0.450 0.607 
4 0.573 0.581 
5 O.561 0.628 
6 0.571 0.577 
7 0.653 0.649 
8 0.617 0.653 
9 0.592 0.638 
10 0.571 0.592 

Mean 0.577 0.620 

1 0.643 0.685 
2 0.664 0.710 
3 0.685 0.655 
4 0.647 0.706 
5 0.706 0.763 
6 0.532 0.712 
7 0.626 0.601 
8 0.603 0.655 
9 0.586 0.607 

10 0.493 O.592 

Mean 0.619 0.669 

aBracts were removed from the floral head. 
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Table 10. Analysis of variance for the total chlorophyll 
content of true leaves and floral bracts in two 
cultivars of safflower. 

Source DF Mean Square F 

Total 4o 
Mean 1 
Cultivars (A) 1 0.0203 4.84* 
Error--A 18 0.0042 
Leaf and Bract (B) 1 0.0216 15.16** 
Interaction (AB) 1 0.0003 
Error--B 18 0.0014 

*Significant at .05 level. 

**Significant at .01 level. 

hand, develop later and remain green longer than true 

leaves. These bracts in later stages of growth are con

sidered very important, as they may provide necessary 

metabolites for seed development. 

Anatomical Structure of Leaves 
and Bracts 

Comparative anatomical structure of the leaf and 

bract is shown in Fig. 6. 

In both leaf and bract, the mesophyll is clearly 

differentiated into palisade and spongy parenchyma cells. 

Palisade cells are elongated and located on the upper and 

lower sides, while spongy cells are less regular and 

situated between the palisades in bracts and leaves of 

safflower. Bracts were found to be different anatomically 
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Fig. 6. Transverse sections of the leaf and floral bract 
of safflower showing their anatomical distinction 
(200X) -- A: leaf, two layers of palisade cells at 
the top (a), single layer at the bottom (c), and 
many spongy cells in between (b); B: bract, 
compact arrangement of two layers of palisade 
cells at the top (a), two layers at the bottom 
(c), and a few spongy cells in between (b). 



from the true leaves and distinguished by the presence of 

two layers of palisades on the upper and two layers on the 

lower side with a few irregular spongy cells in between. 

True leaves showed two layers of palisades on the upper and 

a single layer on the lower side with many spongy cells 

located in the middle (Fig. 6). Floral bracts and true 

leaves of the safflower cultivars studied did not show any 

other variation in anatomical structure than the one 

described. Also, no anatomical variation was noted between 

the Rio and Pacific I cultivars of safflower. 

Density of chloroplasts is higher in palisade 

parenchyma cells than spongy cells and the palisade cells 

are considered the most specialized photosynthetic tissues. 

Bracts showed a higher proportion of palisade cells and 

contained more chlorophyll than true leaves (Table 9)• A 

higher proportion of palisade cells in bracts could result 

from their direct exposure to light during plant develop

ment. In safflower, bracts occupy a terminal position and 

less mutual shading is present than is the case for true 

1 eaves. 

Because of the higher density of palisade cells, 

bracts could be more active photosynthetically than leaves. 

Palisade cells have higher ratio of internal surface to air 

for an efficient photosynthetic activity. Turrell (122) 

suggested that palisade tissue exposes to the intercellular 
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air 1.6 to 3.5 times the surface exposed by the spongy 

parenchyma. 

Presence of an extra layer of palisade parenchyma 

on the lower side of the bracts and compact arrangement of 

the palisade layers indicates that bracts are thicker than 

true leaves. Dufour (27) reported that thickness in leaves 

is mainly due to elongation in palisade cells and/or to the 

development of a second layer of palisade cells. 

Several investigators (70, 92, 95, 121) have re

ported a linear relation between the thickness of leaves 

and higher rate of photosynthesis in different plant species. 

Results obtained in this study with safflower bracts is in 

agreement with the above authors. 

Carbon Dioxide Uptake by True Leaves 
and Floral Bracts in Different 
Stages of Safflower Cultivars 

Vegetative Stage 

Photosynthetic measurement expressed as uptake of 

2 CO per dm of true leaves area per hr was determined in 
tmt 

vegetative stages of Rio and Pacific I safflower cultivars 

(Table ll). Safflower cultivars used for this purpose were 

grown under growth chamber conditions. 

A higher rate of 00^ assimilation was noted in 

Pacific I when the plants were 3 weeks old. Less variation 

was observed when the cultivars were k weeks old. Rio 



Table 11. Rates of C0„ assimilation in true leaves and floral bracts of two 
cultivars of safflower at different growth stages grown under growth 
chamber conditions -- The rates were obtained under full sunlight, 
where the intensity was ranged from 10,500 to 12,000 ft-c and the 
temperature was from 36 to 47 C. 

— 2  — 1  
COg assimilation rate (mg CO^ dm hr ) 

Cultivar 
Sample 
No. 

Vegetative Stage 

3 week 

True leaf 

4 week 

True leaf 

Flowering Stage 

6 week 

Leaf Bract1 

7 week 

Leaf Bract 

Rio 

Pacific I 

1 8.0 8.1 11.9 31.1 11-5 9.1 
2 12.2 7-9 8.2 13-5 19.4 14.7 
3 8.6 5.6 10.0 15-1 l4.6 29.1 
4 8.7 9-1 8.0 23.2 18.1 13.3 
5 10.1 9-3 4.6 25.7 10.7 22.2 

Mean 9.5 8.0 8.5 •
 

H
 

CM 

i4.9 17.7 

1 10.2 7-4 22.3 16.0 13.3 7.1 
2 14.4 9-5 14.6 28.2 14.9 20.5 
3 8.8 7.1 22.8 26.4 15.3 14.7 
4 16.0 9-9 22.0 31.8 8.8 14.2 
5 12.4 7-5 22.8 35.3 14.9 20.8 

Mean 12.3 8.3 20.9 27.6 13.4 15.4 

aBracts were intact in floral head. 
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leaves showed a mean assimilation rate of 9*5 and 8.0 mg 

— 2 —1 
CO 2 dm hr at 3 and k week stages of growth, respec

tively. Pacific I leaves at 3 and 4 week stages of growth 

— 2 
showed a mean assimilation rate of 12.3 and 8.3 nig C0r> dm 

hr , respectively (Table 11). 

At the vegetative stage of growth, no significant 

difference (p = .01) was found between the cultivars in the 

rate of COr, assimilation (Table 12) . Floral bracts develop 

on safflower plants only after stem elongation and floral 

induction has occurred. Therefore, floral bracts were not 

present on plants utilized at this point in the investiga

tion . 

Flowering Stage 

Carbon dioxide assimilation rate was determined in 

true leaves and floral bracts when plants of the Rio and 

Pacific I cultivars were in the flowering stage (Table ll). 

The rate of C0j> assimilation in floral bracts was 

determined without removing the bracts from the flowering 

heads. Rio bracts showed a mean rate of 21.7 and 17 • 7 nig 

— 2 —1 
COg dm hr at 6 and 7 week stages of growth, respec

tively. The mean rate of CO^ assimilation in Rio leaves at 

/• — 2 
6 and 7 week stages of growth was 8.5 and 14.9 mg CO dm 

hr , respectively. Floral bracts in Pacific I indicated 

a mean rate of 27.6 and 15.4 mg CO dm-2 hr-1 at 6 and 7 

week stages of growth, respectively. Pacific I leaves 



Table 12. Analysis of variance for the rate of CO2 uptake in vegetative stage of 
safflower cultivars by true leaves grovm under growth chamber condi
tions . 

Source 

DF Mean Square F 

Source 3 we ek 4 week 3 week 4 week 3 week 4 week 

Total 10 10 126.0 662.4 

Mean 1 1 119^.0 662.4 

Cultivar 1 1 19-6 0.2 3 .4 NS 0 .12 NS 

Error 8 8 5-7 1.8 

NS = Non-significant at .01 level. 

t 

VJl 
VO 
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-2 -1 
showed a mean assimilation rate of 20.9 mg CO^ dm hr at 

6 week stage and 13at the 7 week stage of growth (Table 

11) . 

A highly significant difference (p = .01) was 

noted between the cultivars in the rate of C0^ assimila

tion when plants were 6 weeks old. Pacific I showed a 

higher rate of CO^ assimilation than Rio. At the 7 week 

stage of growth, no significant difference (p = .01) was 

found between the cultivars. Similarly, true leave and 

floral bract data were significantly different (p = .01) 

at the 6 week stage of growth. Bracts in both cultivars 

had a higher rate of assimilation than did the leaves. No 

significant difference was observed in the rate of CO 
u 

assimilation between true leaves and floral bracts when 

plants were 7 weeks old (Table 13)* 

Photosynthetic activity as an uptake of C0^ in 

_ 2 
safflower true leaves ranged from k.6 to 19mg CO dm 

dt 

—1 -2 —1 
hr in Rio and from 7«^ to 22.8 mg CO^ dm hr in 

Pacific I (Table ll). This rate found is comparable to 

the rate reported (39) in deciduous trees of temperate 

zones. 

A great difference was noted between safflower and 

sunflower in their C0^ uptake. Sunflower is reported (22) 

—2 —1 to have a maximum rate of 106 mg CO^ dm hr while 

— 2 safflower leaf showed a maximum rate of 22.8l mg CO dm 
(mt 

hr . Such difference could be attributed to a higher leaf 



Table 13• Analysis of variance for the rate of 00% uptake in flowering stage of 
safflower cultivars by true leaves and floral bracts grown under growth 
chamber conditions. 

Source 

DF Mean Square F 

Source 
6 week 
old 

7 week 
old 

6 week 
old 

7 week 
old 

6 week 
old 

7 week 
old 

Total 20 20 

Mean 1 1 

Cultivar (A) 1 1 417.9 16.7 13.04** 0.57 NS 

Error--A 8 8 32.1 29.4 

Leaf and Bract (B) l 1 495-3 29.0 14.13** 0.99 NS 

Interaction (AB) 1 l 52.7 0.9 

Error--B 8 8 35-1 29.2 

NS = Non-significant at .01 level. 

**Significant at .01 level. 

ON 
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area of sunflower which provides greater area for light 

absorption. Further investigation is warranted for a 

closer physiological comparison between safflower and 

sunflower plants. 

Pacific I cultivar under growth chamber condition 

maintained a vigorous growth with extensive branching and 

more flowering heads as compared to Rio. The better 

growth condition of this cultivar might be related to a 

greater density of stomata in bracts than leaves and 

bracts of Rio, higher chlorophyll content in leaves and 

bracts, and higher rate of CO^ assimilation (Tables 3, 5, 

9, and ll). In the greenhouse a reverse situation was 

observed in the growth habit of these cultivars (Fig. k). 

Several researchers (l, 8, 26, 39, ^6, 78, 93, 117) 

reported the presence of chlorophyll and photosynthetic 

activity in some organs of different plant species other 

than true leaf. So far no information is available 

regarding the physiological activities of floral bracts in 

safflower. The present study has shown that floral bracts 

of safflower are more active photosynthetically than any 

other organs reported in the literature, with the exception 

of true leaves. 

Floral bracts showed a higher rate of CO assimila-

tion than true leaves (Table 11) in both cultivars of 

safflower studied. Such high activity in floral bracts 

could be related to their thickness (Fig. 6), high stoma 
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density (Table 7), and higher total chlorophyll content 

(Table 9)• All these findings prove the importance of 

floral bracts, especially when safflower plants lose most 

true leaves in the later stages of growth. 

In the process of photosynthesis, light energy is 

one of the major factors required. In the field, at the 

later stages of growth, safflower plants appear crowded 

and mutual shading may restrict absorption of sunlight by 

true leaves. By this time, flowering heads are all 

developed and are exposing their bracts, intercepting a 

major portion of the incident radiant energy. Bracts, from 

the information reported in this study, are capable of a 

high rate of photosynthetic activity, providing energy rich 

carbohydrates to be utilized by the developing achenes in 

the safflower head. 

Variation in photosynthetic rate was reported by 

several investigators among the cultivars of different 

plant species (25, 28, 51, 58, 107), but no information was 

available in the literature on safflower cultivars. 

Pacific I showed a higher rate of assimilation than 

Rio, especially when plants were 6 weeks old (Table 11). 

Both cultivars showed an increase in the uptake 

-2 -1 
rate of CC>2 dm hr with increase in age and a decline 

at later stages of growth. Pacific I showed the maximum 

uptake of CO^ when plants were 6 weeks old, while for Rio 

maximum uptake rate was noted a week later. This might 
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indicate that true leaves in Pacific I were in a well 

developed stage in 6 weeks and Rio leaves in 7 weeks of 

age. Further sampling in Rio leaves might have shown a 

decline in the rate of COr> assimilation (Fig. 7)» 

Considering the assumption made regarding the Rio 

leaves, this observation is in agreement with other re

searchers (6, 12, 44, 60, 83, 106, 108, 109, 115, 120) who 

found a low rate of photosynthesis at the early stages of 

growth, a maximum for fully developed leaves, and a low 

rate at the later stages of growth. 

Sampling date significantly (p = .01) influenced 

the rate of uptake in true leaves of safflower cul-

tivars. Cultivars also were shown to be significantly 

different (p = .01) in the rate of CO^ assimilation 

(Table l4). 

Bracts in both cultivars of safflower studied 

showed a higher rate of CO^ uptake when they were in a 

well developed stage. The rate of CO^ assimilation 

declined in bracts at later stages of growth. This 

observation is comparable to the behavior of true leaves 

in safflower. As the safflower plant ages, leaves first 

lose their photosynthetic efficiency. Floral bracts 

develop later and remain active longer than true leaves, 

which may help the safflower plant in seed development 

activity (Table 11). 
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Table l4. Analysis of variance showing the effect of 
sampling dates on the rate of CO^ assimilation 
in true leaves of Rio and Pacific I cultivars of 
safflower grown under growth chamber conditions. 

Source DF Mean Square F 

Total ko 
Mean 1 
Sampling Date 3 93-7 13.18** 
Cultivars 1 123.4 17.35** 
Interaction 3 94.8 
Error 32 7.1 

**Significant at .01 level. 

It was noted when safflower plants were 7 weeks 

old, floral bracts maintained a higher rate of assimila

tion than true leaves (Table ll). This activity of the 

floral bracts probably provides the carbohydrate for 

developing seeds when true leaves are aged and incapable 

of high rates of photosynthesis. 



SUMMARY 

Two cultivars of safflower, Rio and Pacific I, were 

grown in greenhouse and growth chamber environments. 

Specific sample materials were obtained randomly at differ

ent stages of growth from the plants of both cultivars. 

The study was designed to compare certain morphological 

characteristics and physiological capabilities of floral 

bracts and true leaves in two cultivars of safflower. The 

objectives were to: (a) determine the density of stomata 

in cotyledons, leaves, and bracts of both cultivars; (b) 

compare the chlorophyll content of leaves and bracts; (c) 

study the anatomical features of leaf and bract; (d) measure 

the COr, assimilation rate in leaves and bracts; and (e) 

study the effect of sampling date on the rate of assimila

tion . 

The results obtained from this study were: 

1. There was no significant difference between the 

cultivars and surfaces of the cotyledon with regard 

to stoma density. Rio did show an apparent faster 

growth rate after germination in the greenhouse 

than Pacific I. 

2. Lower leaf surfaces of both cultivars were higher 

in stoma density than upper surfaces and this 

difference was shown to be statistically 
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significant. Cultivars showed no significant dif

ference in number of stomata. Rio plants produced 

more branches, flowering heads, and had taller 

shoots than Pacific I in the greenhouse. 

3. Stoma density on the floral bract surfaces of 

Pacific I was found to be higher than on bract sur

faces of Rio. Bracts of both cultivars had a higher 

frequency of stomata on their lower than upper 

epidermal surfaces. 

4. Floral bracts were found to possess a higher number 

of stomata on their upper and lower surfaces than on 

corresponding surfaces of the true leaf. 

5. Floral bracts in both cultivars of safflower had a 

higher content of total chlorophyll than did true 

leaves. Pacific I leaves and bracts showed a higher 

total chlorophyll content than leaves and bracts of 

Rio . 

6. Floral bracts of both cultivars, in cross section, 

showed two layers of palisade parenchyma on the 

upper side and two layers on the lower side, while 

true leaves had two layers of palisade on the upper 

and a single layer on the lower side which were 

loosely arranged. Spongy parenchyma cells seemed 

to be more numerous in true leaves than in the 

floral bracts. No variation was noted in anatomy of 

leaf and bract between the cultivars. 
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7• Significant variation in the rate of CO assimila-

tion was noted between the cultivars of safflower 

and between floral bracts and leaves. At the early 

stage of vegetative growth, Pacific I showed a 

higher rate of CO^ assimilation than Rio, but in 

later stage no difference was noted. At the flower

ing stage, floral bracts in both cultivars showed a 

higher rate of CO^ assimilation than true leaves for 

all sampling dates. 

8. Rate of COg assimilation in both leaves and bracts 

declined as safflower plants of both cultivars 

approached maturity. Date of sampling significantly 

influenced the rate of CO^ assimilation and, also, 

cultivars were significantly different in the rate 

of COg uptake. 



APPENDIX A 

WEEKLY HIGH AND LOW TEMPERATURE AND RELATIVE HUMIDITY 
MEANS OF THE GREENHOUSE AND GROWTH CHAMBER 
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Table A-l. Weekly temperature and relative humidity means 
of the greenhouse where Rio and ̂ Pacific I 
cultivars of safflower were grown for study. 

Mean Relative 
Mean Temperature, C Humidity, % 

Week Ending High Low High Low 

June l4, 1970 35 19 79 29 
June 21 33 16 94 26 
June 28 33 23 94 38 
July 5 31 22 94 44 
July 12 32 22 94 46 
July 20 34 23 94 4i 
July 26 30 23 94 62 
August 2 32 25 94 49 
August 9 31 24 94 58 
August 13 38 24 94 54 

Table A-2. Weekly temperature and relative humidity means 
of the growth chamber where Rio and Pacific I 
cultivars of safflower were grown for study. 

Mean Relative 
Mean Temperature, C Humidity, % 

Week Ending High Low High Low 

June 6, 1971 29 23 39 31 
June 13 29 23 48 4o 
June 20 29 23 53 48 
June 27 29 23 67 61 
July 4 26 20 81 67 
July 11 26 20 93 72 
July 18 26 20 73 68 
July 25 26 20 64 56 
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