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ABSTRACT 

A study was conducted to investigate the effect of sulfur and 

nitrogen on seed characteristics of safflower plants. 

Under extreme sulfur deficiency, reproductive yield was more 

restricted than vegetative yield. 

Seed production and oil content of seed were restricted only 

under severe sulfur deficiency. 

Nitrogen nutrition enhanced seed production in general but de

pressed oil content of seed from tertiary heads. 

Sulfur nutrition was found to have no significant effect on pro

tein content of seed from primary and secondary heads. In seed from 

tertiary heads, however, protein content was higher at either low or 

high levels of sulfur. 

Seed from tertiary heads were found to'be higher in both protein 

and oil content, compared with seed from primary and secondary heads. 

Nitrogen had a positive effect on protein content of seed from 

primary and secondary heads and from tertiary heads. 

The amino acid content of the seed was not appreciably related 

to the nutrient status of the plant. Aspartic acid and glutamic acid 

showed a tendency to be consistently higher at the highest level of nitro

gen, compared with the lowest level. Sulfur stress tended to cause an 

increase in the proportion of aspartic acid in seed protein. 
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INTRODUCTION 

During the past several years, crop yield reduction throughout 

the world as a result of sulfur deficiency has been reported with in

creased frequency (Gilbert, 1951; Jordan and Ensminger, 1958; and 

Coleman, 1966). This fact has focused greater attention on the impor

tance of sulfur in plant nutrition. Coleman (1966) suggested that those 

deficiencies are probably a result of: (a) increased use of sulfur-free 

fertilizers, (b) decreased use of sulfur in pesticides, and (c) increased 

yield, which require larger amounts of all of the essential plant nutrients 

than previously. 

Sulfur is believed not only to affect yield of crops, but also it 

may have some influence, on quality. Being a constituent of some essen

tial amino acids, such as cysteine, cystine, and methionine, it may 

affect both quantity and quality of plant protein. 

There have been suggestions in the literature of a possible role 

of sulfur nutrition in oil production by oil seed crops (Venema, 1963). 

Stanford and Jordan (1966) stated that oil crops possess relatively high 

sulfur requirements because the oil storage organs are usually rich in 

protein, but the literature contains no information which could serve as 

the basis of an estimate of sulfur nutrition status required for optimum 

oil crop performance. 

Sulfur and nitrogen nutrition of plants are closely related be

cause of their mutual roles in protein metabolism. 

1 
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Safflower is generally grown for oil and seed meal. The oil has 

several economic applications. Safflower seed meal has been used as 

cattle and poultry feed. There has been some evidence that protein from 

the meal is low in methionine and lysine (Kratze and Williams, 1951). 

An increase in the proportion of these amino acids would be advantageous 

for the quality of the meal. 

The aim of the present work was to investigate the effect of 

sulfur and nitrogen nutrition on both seed yield and seed composition of 

safflower plants. Specifically, the effect of five levels of sulfur nutri

tion and two levels of nitrogen were studied on (a) seed yield, (b) oil 

content of the seed, (c) protein content of the seed, and (d) amino acid 

composition of the seed reserve protein. 



REVIEW OF LITERATURE 

The Plant 

Botany 

Safflower (Carthamus tlnctorius L.) belongs to the family Com-

positae, subfamily Cynareae, commonly known as the thistle family 

(Claassen, 1949). It is a branched, herbaceous, annual plant. The 

leaves are ovate-oblong and usually have spiny margins. 

The plant produces many branches, each of which is terminated 

with a flowering head. Each head may produce 20 to 30 florets, with 

each floret potentially producing a single fruit. The fruit is an achene, 

commonly called a seed, and will be so used in this paper. The flower 

color may be white, yellow, orange, or red, depending on the cultivar. 

Plant height varies from 40 to 120 cm. The seed pericarp is tough and 

pliable, but the oil-bearing embryo is soft and tender (Knowles and 

Miller, 1965). 

Use 

Safflower was first grown in Asia for its flower, which provided 

a dye for clothing and food. Presently, safflower is grown mainly for 

oil production. Effort has been made to establish safflower as a com

mercial crop in many parts of the world (Knowles, 1955). 

Production of safflower in the United States is limited to the 

Western Great Plains, as well as some areas of the Southwest (Claassen, 

1948). More recently, acreage in California and Arizona has greatly 

3 
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increased and is now the principal area of production in the United 

States (Erie, French, and Harris, 1965; andKnowles, Miller, and Isom, 

1963). 

The current commercial cultivars contain 32 to 40 percent oil 

by weight (Anonymous, 1967). Safflower oil has a high content of un

saturated fatty acids and, as a consequence, is suitable as a drying 

oil in various commercial uses. Safflower oil has been used for the 

manufacture of protective coatings, ink vehicles, putty, linoleum, and 

similar products. As a food it has attracted special attention for use in 

diets as an alleged preventive of atherosclerosis because of its high 

linoleic acid content (Van Etten et al., 1963). A comparative study 

among edible oils carried out by Goodman (1964) showed that safflower 

oil had the highest polyunsaturated/saturated fatty acid ratio and the 

highest linoleic acid content. Also, safflower oil was reported to be 

nonallergenic. 

The nutritional value of safflower meal in poultry and cattle 

rations has been studied. Meal from the seed, including the hull, after 

oil extraction is used for cattle feed (Baker, Baker, and Matsushima, 

1959). Meal from a partly dehulled oil extracted seed, containing 44 

percent protein, is used for poultry feeds (Halloran and Kneeland, 1961). 

According to Kratze and Williams (1951), safflower meal is deficient in 

lysine and methionine. 

A study of amino acid composition of safflower meal carried out 

by Van Etten et al. (1963) comparing seed kernel with seed from other 

plant species showed arginine and valine content to be high and lysine 

content low. 
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Oil Content of Seed Crops as Affected 
by Nitrogen and Sulfur 

There are few reports in the literature on the effect of nitrogen 

and sulfur on the oil content of oil seed crops. Veeraraghavan and 

Madhavan (1966), studying the effect of liming on peanuts (Arachis 

hypogaea L.), found that oil yield was greatly depressed when either 

750 or 1,500 pounds/acre of lime was used. Sew and Lahiri (1960) re

ported a study with Sesamum indicum L. where no significant effect of 

sulfur on the oil content of the seeds was observed. Josefsson (1970) 

studied the effect of sulfur and nitrogen on the composition of rape 

(Brassica napus L.) seed and found no significant changes in the oil 

content of the seed at the different levels of nutrient applied. 

Chopra and Kanwar (1966) studied the effect of sulfur and 

nitrogen on A. hypogaea and concluded that application of nitrogen 

alone depressed oil content, while application of sulfur, contrarily, 

enhanced oil content of the seed. In a field experiment, Bertramson, 

Fried, and Tisdale (1950) found that applied sulfur increased the yield 

of soybean (Glycine max L.) by about 6 bushels per acre and oil content 

by about 1 percent. 

Southern (1967) reported that sulfur deficiency caused the pro

duction o f  r u b b e r y  c o p r a  o f  l o w  o i l  c o n t e n t  i n  c o c o n u t  ( C o c o s  n u c i ' f e r a  L . ) .  

In sulfur-deficient plants, the oil contained high amounts of unsaturated 

fatty acids, causing high iodine values. Similarly, Venema (1963) pre

sented evidence that both yield and oil content of flax (Linum usitatis-

simum L.) and soybeans were increased by fertilizers containing sulfate 

anion as compared with those containing chloride anion. The same 
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author stressed the lack of experiments to explain the often observed 

superiority of sulfate over chloride in the production of oil and suggested 

that sulfate has an indirect role in oil production. According to Stanford 

and Jordan (1966), oil crops possess relatively high sulfur requirements 

because the oil storage organs are usually rich in protein. 

Claassen, Ekdahl, and Stevenson (1950) reported a significant 

negative correlation between nitrogen fertilization and oil content of 

safflower seed. A negative effect of nitrogen fertilization on oil content 

of safflower seed was also reported by Yermanos, Hall, and Burge (1964) 

and Jones (1966). 

Protein Content and Amino Acid Composition 
as Affected by Sulfur and Nitrogen 

Sulfur is a constituent of methionine, an essential amino acid 

required for normal growth of animals. It is also a constituent of the 

amino acid cysteine and of some vitamins, such as biotin and thiamine, 

a s  w e l l  a s  C o e n z y m e  A  ( L e h n i n g e r ,  1 9 7 0 ) .  

Sulfur and nitrogen nutrition of plants is interrelated because of 

mutual roles in protein metabolism. Most of the organic sulfur and nitro

gen in plants is used in protein synthesis, and the composition of the 

protein determines to a large extent the ratio of organic sulfur to organic 

n i t r o g e n  i n  t h e  p l a n t  m a t e r i a l  ( D i j k s h o o r n  a n d  V a n  W i j k ,  1 9 6 7 ) .  

There have been a number of reports on the effect of sulfur and 

nitrogen on protein content and amino acid composition in several crops. 

Anderson and Spencer (1950) found a decrease in the content of total and 

nonprotein nitrogen in the absence of nitrogen. When nitrogen was added 

with sulfur, an increase of yield and total protein content as well as total 
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nitrogen was observed. The authors observed a high nitrate accumulation 

in sulfur-deficient plants supplied with nitrate. 

Ergle and Eaton (1951) reported that with sulfur deficiency in 

cotton (Gossypium hirsutum L.), nitrate and soluble organic nitrogen 

accumulated in high concentrations. Protein nitrogen was greatly re

duced by sulfur deficiency in the tops of young plants as well as in 

leaves of plants 65 days old. In stem tissue, the opposite happened. 

Although there was a decrease in protein content in leaves, the percent

age of sulfur in this protein was higher, compared with stems. 

Working with rice (Oryza sativa L.), Tokunaga and Tokuoka 

(1957) observed that when the sulfate supply was discontinued, protein 

synthesis was retarded and the synthesis of nonprotein nitrogen com

pounds was increased. Similar results were found by Spencer (1959), 

who reported that the percentage of protein and total nitrogen increased 

in white clover (Trifolium repens L.) with increasing sulfur supply. Pro

tein nitrogen formed a greater portion of the total nitrogen at the higher 

sulfur level. Millar and Steward (1959) also observed a marked accumu

lation of soluble nitrogen compounds in mint (Mentha piperita L.) plants 

grown under sulfur deficiency. 

Prevot and Ollagnier (1964) concluded from studies carried out 

in peanuts that sulfur deficiency can be detected from the relationship 

between nitrogen and sulfur content of leaves. They also stated that 

lack of sulfur lowers the protein nitrogen/soluble nitrogen ratio. 

Tisdale et al. (1950) reported studies conducted on alfalfa 

(Medicago sativa L.) where the percentage of cysteine and methionine 

increased with increasing concentration of sulfur. However, there was 
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a tendency for these percentages of amino acids to level off at the higher 

concentrations. Nitrogen content in plants was higher at the lower level 

of sulfur, decreasing as the concentration of sulfur increased. 

Sheldon, Blue, and Albrecht (1951) found twice as much methi

onine in vegetative material of soybeans grown in nutrient solution con

taining 96 ppm sulfur as when grown with 16 ppm. Andrew, Kipps, and 

Barford (1952) also reported a positive effect of sulfur on protein produc

tion of different forage crops . 

Mertz, Singleton, and Garey (1952), studying sulfur relations 

on alfalfa, concluded that protein synthesis in sulfur-deficient plants 

was limited by the amount of cysteine and methionine present in the 

tissues. However, total amino acid nitrogen content remained unchanged 

due to an increase in aspartic acid in sulfur-deficient plants. 

Renner, Bentley, and McElroy (1953) studied the effect of sul

fu r  fertilization on protein content of barley (Hordeum vulgare L.) and 

wheat (Triticum aestivum L.) grain. They found an increase in the per

centage of protein in the grain, but this increase was associated with a 

decrease in quality as measured by the percentage of nine amino acids 

present in the protein. They found an increase in leucine, isoleucine, 

valine, methionine, and threonine. 

Vlasyuk, Kosmatyi, and Klimovitskaya (1957), working with 

sugar beets (Beta vulgaris L.), observed that more mineral sulfur was 

utilized for cysteine than for methionine synthesis. Incorporation of sul

fur into cysteine was closely related to sulfur uptake by the plants. 

In corn (Zea mays L.). Thomas (1959) observed no influence of 

sulfur and nitrogen on yield. Nitrogen increased the protein content of 
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the grain, while sulfur had no effect. A significant nitrogen rate-sulfur 

rate interaction on the percentage of protein of the grain was also re

ported. On the other hand, Rost, Evans, and Kramer (1958) conducted 

studies on oats (Avena sativa L.) and found no appreciable effect of 

nitrogen and sulfur on grain protein content. 

In lucerne (Medicago sativa L.) growing in nutrient culture, the 

asparagine fraction increased in sulfur-deficient plants and decreased in 

the presence of normal sulfur supply (Rendig and McComb, 1959; 1961). 

They also reported that sucrose and fructose were much reduced in sulfur-

deficient plants. 

Tokunaga (1959), studying the effect of sulfur nutrition on rice, 

reported that protein concentration in leaves declined after discontinuing 

the SO|~ supply. Cysteine in the free form was influenced more than 

methionine by sulfur application. 

Berducov, Diehl, and Dupuy (1961) reported that increasing 

applications of sulfur in the nutrient solution of wheat (T. durum) plants 

caused increased concentrations of total nitrogen in aerial parts and 

roots and considerably decreased soluble nitrogen in relation to protein 

nitrogen in the grain. 

Coic, Fauconneau, and Pion (1962), working with barley, re

ported a strong effect of sulfur on grain yield. Sulfur deficiency modi

f i e d  l e a f  p r o t e i n  c o m p o s i t i o n .  A s p a r a g i n e  c o n t e n t  i n c r e a s e d  3  t o  3 . 5  

times. Grain protein was less altered by lack of sulfur, asparagine in

creasing by 1.35 times and glutamic acid by 1.07. Cysteine content 

dropped markedly. 
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Volpi (1963) found a marked decrease in protein content of 

sulfur-deficient plants. Methionine and tyrosine content were consis

tently lower. The other amino acids were higher on a percentage basis 

but lower on an absolute basis. 

Hanower and Brzozowska (1964) found that soluble nitrogen 

was increased and protein nitrogen reduced in peanut plants under sulfur 

deficiency. All parts of sulfur-deficient plants showed accumulation of 

arginine and asparagine. Cysteine and glutamic acid contents were re

duced. The same authors (1969) found sulfur deficiency decreased sul

fur content in protein in all parts of the plant. Arginine content of 

protein was also high. 

Adams and Sheard (1966) reported that sulfur deficiency caused 

an increase in arginine, glutamic acid, and aspartic acid ofJM. sativa 

and Dactylis glomerata L. 

Hanower and Brzozowska (1966) observed that free arginine 

accounted for 54 percent of the soluble nitrogen in leaflets of groundnuts 

(A. hypogaea) at the flowering stage, grown under sulfur deficiency, 

compared with 12 percent in normal plants. 

Eppendorffer (1968) studying sulfur and nitrogen relationships 

also found increased asparagine content (fivefold) in sulfur-deficient 

barley plants. He reported an interaction effect of nitrogen and sulfur 

on yield and on the methionine and cysteine content of grain. Absence 

of sulfur decreased cysteine content much more than methionine, es

pecially at higher nitrogen levels. 

Oke (1969) studied the effect of sulfur nutrition in pigeon pea 

(Cajanus cajan/LJ? Millsp.) and guar (Cyamopsis tetragonoloba /L.7 
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T a u b . ) .  H e  f o u n d  t h a t  s u l f u r  a l o n e  i n c r e a s e d  m e t h i o n i n e  c o n t e n t  o f  

these species. 

Steward and Porter (1969) studied sulfur and nitrogen nutrition 

on wheat (T. aestivum), beans (Phaseolus vulgaris L.), and corn and 

found that with a limited sulfur supply additional nitrogen did not affect 

yield of plant protein but that nonprotein nitrogen was increased. One 

part of sulfur was required for every 12 to 15 parts of nitrogen for maxi

mum dry matter and protein production. Wooding, Paulsen, and Murphy 

(1970) found similar results working with soybeans. They reported that 

deficiency of sulfur depressed growth of soybeans plants and decreased 

insoluble nitrogen compounds, including protein. Nonprotein nitrogen 

and free amino acids increased. There was no effect on nitrate nitrogen 

level. 

Josefsson (1970) studied the effect of sulfur and nitrogen nutri

tion on protein content and amino acid composition of rape seed meal. 

He reported a positive effect of nitrogen fertilization on protein content 

of meal. Aspartic acid content was enhanced with nitrogen fertilization, 

while the total content of the other amino acids studied did not change 

significantly. At low levels of sulfur, protein and methionine content of 

the meal was reduced. There was no sulfur x nitrogen interaction. 

Kirkby (1970) reported a marked decrease in dry matter yield of 

white mustard (Sinapsis alba L.) grown under sulfur deficiency. Accumu

lation of free amino acids was also observed, especially when NH^ 

nitrogen was supplied. 

Arora and Luthra (1971) studied sulfur relationships in Phaseolus 

aureus L. and found a significant positive correlation between sulfur 
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treatment and the content of sulfur containing amino acids—methionine, 

cysteine, and cystine—in the seed. The content of sulfur containing 

amino acids in seed was increased with the increasing level of sulfur, 

up to 90 ppm, in the nutrient solution. 

MacGregor, Taskovitch, and Martin (1961) reported a signifi

cant effect of nitrogen fertilization on corn grain yield, grain protein 

content, and protein production per acre. Concentration of all amino 

acids did not increase uniformly, and levels of some of those most nutri

tionally important showed little or no change with increasing protein 

content. Therefore, they substantially decreased in relation to the total 

protein present. Similar results were found by Sauberlich, Chang, and 

Salmon (1953). They reported an increase in all amino acids with an 

increase in the protein content in corn seed due to nitrogen fertilization. 

However, there were considerable differences in the rate of increase 

among individual amino acids. Nitrogen increased protein content, but 

it also affected the relative proportion of the various amino acids. 

Waggle, Deyoe, and Smith (1967) published results showing a 

significant effect of nitrogen on seed protein content of sorghum (Sorghum 

vulgare Pers.). The proportion of lysine, histidine, arginine, threonine, 

and glycine decreased with nitrogen fertilization, while glutamic acid, 

proline, alanine, isoleucine, leucine, and phenylalanine were greater 

in protein of grain with the highest rate of nitrogen fertilization. 

Goswami and Willcox (1969) reported data on the effect of nitro

gen on the composition of various nitrogen fractions and free amino acids 

of ryegrass (Lolium multiflorum Laus.) Heavy application of fertilizer 
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caused an increase in nonprotein nitrogen content by a sharp rise in the 

free amino acids, mainly asparagine and glutamine. 



MATERIALS AND METHODS 

Experimental Procedure 

A greenhouse hydroponic-culture experiment was conducted at 

The University of Arizona, Tucson, from August to December 1971. 

Seed of the safflower cultivar N 4051, which has thick hulls, 

were used in this investigation. The seed were obtained from Dr. L. H. 

Zimmerman, Agricultural Research Service, U.S. Department of Agricul

ture, Tucson. It is well known that thick-hulled cultivars have low oil 

content. 

Seed were germinated in rolled moistened paper towels at room 

temperature. Five days after germination, the seedlings were transferred 

to pots (one plant per pot) containing 3 liters of nutrient solution. The 

pots were wrapped with aluminum foil in order that the root environment 

could be maintained in darkness and algae growth could be avoided. 

The experiment consisted of a combination of five levels of 

sulfur with two levels of nitrogen replicated five times. The experimental 

unit consisted of one pot. A randomized block design was used. 

In the early stages of the investigation, it was found impossible 

to grow safflower plants using a combination of ammonium and nitrate 

salts as the nitrogen source in the nutrient solution. The plants grew 

very well up to the flowering stage. After that time, some chlorotic 

spots appeared in the leaves between the veins. The bottom leaves were 

the ones to show the symptoms first, but within 1 week all leaves 
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appeared chlorotic. Water uptake was drastically decreased. In a later 

stage, all leaves were completely dried and the plants died before pro

ducing any seed. The appearance of these symptoms was closely re

lated to the amount of NH^ present in the nutrient solution. Plants grow

ing under complete lack of NH^—N had no such symptoms. At 7 ppm 

NH^—N, the symptoms appeared but not severe. From 14 ppm NH"^—N 

and higher, the plants were severely affected and did not complete their 

life cycle. 

Based on this preliminary observation, NO3—N was used as the 

single source of nitrogen in all nutrient solutions involved in this study. 

The nutrient solution used was modified from Hoagland and Arnon (1950). 

The concentrations of macronutrients in the nutrient solutions are pre

sented in Table 1. The micronutrients and their concentrations in all 

treatments were 5 ppm iron in a chelate form (Went, 1957), 0.5 ppm 

boron, 0.5 ppm manganese, 0.05 ppm zinc, 0.02 ppm copper, and 0.01 

ppm molybdenum. 

Distilled water was used in preparing the nutrient solutions. 

The pots were replenished daily with distilled water, to the original 

volume of 3 liters. The nutrient solutions were changed weekly. The 

nutrient solutions had a pH of about 5.4. No adjustment for pH was 

made. After 7 days (at the time of changing the nutrient solution), they 

had an average pH of 6.8. 

The root environment of the plants (nutrient solution) was uni

formly aerated by the use of air pumps connected to the nutrient solutions 

through a network of plastic tubes. 
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Table 1. Concentration of Macronutrients in the Nutrient Solution 
Treatments 

(S—sulfur nutrition levels; N—nitrogen nutrition levels.) 

S 0 S 1 s2 s3 s4 

r* uirient 

Nl N2 Nl N2 NI N2 NI N2 NI N2 

(parts per million) 

Ca 160 160 160 160 160 160 160 160 160 160 

P 31 31 31 31 31 31 31 31 31 31 

Mg 48 48 48 48 48 48 48 48 48 48 

K 234 234 234 234 234 234 234 234 234 234 

N 126 238 126 238 126 238 126 238 126 238 

S 0 0 16 16 32 32 64 64 128 128 

Nine days after transfer of the seedlings to the pots, they were 

exposed to a long day photoperiod by using supplemental incandescent 

light from 2400 to 0300 hours. Previous experience had suggested that a 

long day photoperiod was required for normal flowering in a greenhouse 

(L. H. Zimmerman, 1971, personal communication). The plants received 

an application of malathion every other week in order to avoid possible 

aphid infestation. The temperature regime in the greenhouse was: maxi

mum average day temperature 26 C (range from 23 C to 27 0; minimum 

average night temperature 13 C (range from 16 C to 15 0. 

The plants were harvested 150 days after germination, when all 

heads were mature and dried. The heads from each plot were harvested 
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separately in two groups: (1) primary plus secondary heads and (2) ter

tiary heads, as described by Francois, Yermanos, and Bernstein (1964) 

and Yermanos, Francois, and Bernstein (1963). The primary head is lo

cated at the apex of the main stem of the safflower plant. Secondary 

heads are those terminating the branches of the main stem. Tertiary 

heads are those which terminate branches which originate from a branch 

of the main stem. 

The two head groups as well as the vegetative parts from the 

aerial portion of the plant (branches and leaves) were oven dried. The 

heads were dried for 48 hours at 52 C and the branches and leaves were 

oven dried for 24 hours at 100 C. After drying, both heads and branches 

plus leaves were weighed on a Mettler platform balance. 

The heads were threshed by hand rubbing. They were then 

cleaned with a vertical air column South Dakota seed blower set at an 

opening of two for 40 seconds (Musil, 1961). This operation removed 

the impurities as well as the light (immature) seed. After cleaning, seed 

weight was determined. 

Oil Analysis 

The oil percent in the seed was determined by the solvent ex

traction method. Fifty seed were randomly selected and counted. 

Damaged seed were not included in the sampling for analysis. The seed 

were placed in uncovered, previously weighed vials and oven dried for 

24 hours at 82 C. After drying, the vials were removed from the oven, 

capped immediately, and allowed to come to room temperature. The seed 

sample weight was then determined. 



Seeds from each vial and 25 ml technical grade hexane were 

placed in a chamber of a Sorvall Omnimixer and ground at speed five 

for 1 minute. During grinding, the chamber of the mixer was bathed in 

ice to avoid an excessive temperature rise. The seed and solvent mix

ture from the omnimixer chamber was then poured back into vials and all 

particles were quantitatively transferred to the vial. Ground seed and 

solvent mixture was allowed to settle. When the solvent layer was clear, 

the hexane and oil mixture was siphoned away. The vial was then filled 

with petroleum naphta F (Skelly-F). The solvent layers were removed, 

and the vials refilled with fresh solvent several times (about two times 

a day for a period of 7 days) until no oil appeared on the air-dried meal. 

The defatted samples were then air dried, and the vials placed 

in an oven at 82 C for 2 hours or until Skelly-F was completely gone. 

The vials were removed from the oven, immediately capped, and allowed 

to come to room temperature. They were then weighed, and the oil per

cent was determined as follows: 

seed weiqht - meal weiqht 
% Oil = =3 r-r— a X 100. 

seed weight 

Protein Determination 

After oil extraction, the defatted samples were ground in a 

Wiley mill with a 40-mesh screen. A micro-Kjeldahl method modified 

from Bremner (1965) was used in protein determination. 

Twenty-five mg of dry ground meal was weighed into a pre-

weighed cigarette paper. Eight mg of a powder mixture catalyst of Se-

Na2SC>4-CuS04 (3:5:15 ,w/w/w) was added and the paper wrapped and 

placed into a 30-ml digestion flask. One ml of H2SO4 (98%) was then 
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added to the digestion flask together with a boiling stone. The flasks 

were placed on a heating unit and completely digested (until light yel

low). After digestion, they were allowed to cool to room temperature, 

and 3 ml of distilled water were added to each flask. A blank (no meal) 

was run with each set of ten samples. The digested samples were quan

titatively transferred to distillation flasks and placed on a steam distilla

tion apparatus. Ten ml of 30% NaOH were added to the distillation flasks, 

and the distillate was collected in a 2% H3BO3 solution of known pH. 

The distillate and 2% boric acid solution mixture was then titrated with 

0.01 N standard solution HC1. The pH of 2% boric acid solution was 

used as the end point of titration. 

Total nitrogen (mg/sample) was determined by multiplying milli

liters of standard 0.01 N HC1 used in titration by 0.14. Total nitrogen was 

then converted to protein by using the factor 5.42 (Guggolz, 1967). 

Amino Acid Analysis 

Paper chromatography was used in assaying for amino acids. 

The seed meal from the five replications was combined, and three samples 

were taken from each treatment and from both seed groups (seed from pri

mary and secondary and seed from tertiary heads) for amino acid deter

mination . 

Hydrolysis 

Ten mg of dry defatted seed meal was placed in a test tube to

gether with 1 ml of 6 N HC1. The tube was heat sealed and placed in an 

oven for 24 hours at 110 C. The hydrolysate was then filtered and 

spotted on Whatman No. 1 paper for chromatographic development. 
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Chromatographic Procedures 

Two-dimensional descending chromatography was performed in 

Whatman No. 1 filter paper 46.3 x 57.1 cm. After several trials, 30 pi 

of the hydrolysate were found to give the best resolution and were used 

in all chromatograms. The solvent systems employed were n-butanol: 

glacial acetic acidrwater (55:15:45, v/v/v) in the first direction and 

phenol (80% in water) in the second direction. The first solvent, 

n-butanol:acetic acid:water, was made up fresh before use and run in 

the longer direction of the paper. 

The chromatograms were run overnight (17 hours) in each direc

tion at room temperature. After each run, the solvent front was marked 

and the chromatograms were dried in a chemical hood at room tempera

ture. The chromatograms were then sprayed with ninspray (a commercial 

product containing 0.5% solution of ninhydrin in butanol, in aerosol 

form). Development of the color was obtained by heating the chromato

grams for 5 minutes at 80 C. 

Identification of the amino acids was made with the aid of a 

standard map of 17 amino acids and their respective Rf's. A solution of 

each pure amino acid in water was made up. The amino acids were ap

plied in groups of four on Whatman No. 1 filter paper at the rate of 20 jug 

of amino acid per spot. The groups of amino acids were selected, based 

on results found in the literature (Stepka, 1957). Amino acids with wide

ly different Rf's were applied in the same paper and run in both directions 

as described above. After development and identification of the spots, a 

map containing the amino acids studied was prepared (Fig. 1). 
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For quantitative determination we followed basically the method 

described by Vale (1969) and Porter, Margolis, and Sharp (1957) with 

some modifications. Stock solutions were prepared containing 5 mg/ml 

of each pure amino acid dissolved in water. Cysteine and tyrosine stock 

solutions contained 1 and 2 mg/ml of amino acid, respectively. A series 

of concentrations of each amino acid was applied on Whatman No. 1 filter 

paper to yield 50, 20, 5, and 1 pg of amino acid per spot. The chromato-

grams were run in one way using n-butanol:glacial acetic acid:water as 

the solvent system. The individual colored spots were identified, out

lined in pencil, cut out, and weighed. Each piece of paper was then cut 

into strips of approximately 0.5 sq cm and placed in a test tube, and 5 

ml of 50%ethanol was added. The tubes were sealed with paraffin paper 

and shaken gently. After 30 minutes, the optical density was determined 

at 570 nm in a Beckman Spectrophotometer, model DB-G. Proline was 

read at 430 nm. Background corrections were made by cutting a com

parable section of paper from one area free of amino acid, eluting it, 

and measuring the optical density of the solution at the appropriate wave

length . 

Standard curves for each amino acid were prepared by plotting 

concentrations against optical density. Least square analysis was used 

to fit the data obtained to a straight line as described by Spiegel (1961). 

Since phenylalanine and leucine and methionine and valine appeared in 

single spots, a standard curve for each pair of these amino acids was 

prepared, and their concentrations were determined jointly. A solution 

of both amino acids in each pair was made up at the same concentration 

(5 mg/ml) containing 50 percent of each amino acid. 



Optical densities of the samples were determined following the 

same procedure described for the standard curves. Optical densities of 

the samples were converted into absolute amounts and calculated as 

milligrams of amino acid per gram of seed meal dry weight. 

The reported data are based on three chromatograms per treat

ment. 

Statistical Procedures 

The analysis of variance was performed on the data, according 

to Snedecor and Cochran (1968). The differences between the treatment 

means were treated according to the range test of Newman, Student, and 

Keul, as described by Steel and Torrie (1960). Differences in oil and 

protein content between seeds from primary and secondary heads and 

seeds from tertiary heads were analyzed by the use of the t test, de

scribed in Snedecor and Cochran (1968). 



RESULTS AND DISCUSSION 

Dry Matter Yield 

Table 2 shows how the total dry matter production of each treat

ment was partitioned among vegetative parts (stems and leaves), primary 

and secondary heads, and tertiary heads. Under extreme sulfur deficiency 

(Sg level) a higher percentage of dry weight was present in vegetative 

parts as compared with the other levels of sulfur. A higher percentage of 

dry matter was present in primary and secondary heads in either Sg and S4 

treated plants as compared with S^ , S2, and S3. The opposite was ob

served in tertiary heads. It seems that at either sulfur deficiency or sur

plus (Sg and S4 levels) there is an enhancement of primary and secondary 

head contribution to the total plant dry weight. 

Nitrogen had no effect on the relative contribution of different 

plant parts in the total plant dry weight. 

The data indicate that, under extreme sulfur deficiency, repro

ductive yield was more restricted than vegetative yield. Also, in both 

the Sg and S4 treatments, a higher percentage of dry matter came from 

primary and secondary heads, as compared with the other treatment levels. 

Seed Production 

Table 3 shows the seed production from primary and secondary 

heads. Extreme sulfur deficiency (Sg treatment) resulted in reduction in 

seed yield per plant compared with the higher levels of sulfur. At the 

other levels of sulfur, safflower plants produced about the same yield. 
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Table 2. Percent of Vegetative Parts, Primary and Secondary Heads, and Tertiary Heads on Total Dry 
Weight of Safflower Plants Grown under Five Levels of Sulfur and Two Levels of Nitrogen 

(S—sulfur nutrition levels; N—nitrogen nutrition levels.) 

Plant Part 

Nl N2 

Plant Part SQ SL S2 S3 S4 SQ SX s2 S3 S4 

Vegetative parts 

Primary and 
secondary heads 

Tertiary heads 

(Percent) 

46.20 42.70 40.29 39.46 42.88 

32.14 28.65 28.55 28.95 31.13 

21.65 28.64 21.16 31.58 25.98 

(Percent) 

48.18 40.57 43.26 41.24 41.13 

32.92 27.12 27.18 23.54 31.18 

18.72 32.30 29.53 33.41 27.68 
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Table 3. Seed Production from Primary and Secondary Heads of Safflower 
Plants Grown under Five Levels of Sulfur and Two Levels of Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level s0 Si s2 s3 s4 

(grams) 

Nl 10.80a 16.32b 18.60b 18.10b 16.99b 

No 10.77a 19.32bc 20.25bc 16.94b 21.50c 

Table 4. Analysis of Variance for Seed Production from Primary and 
Secondary Heads of Safflower Plants Grown under Five Levels of Sulfur 

and Two Levels of Nitrogen 

Degrees of Mean 
Source Freedom Square F 

Sulfur 4 125.94 18.30 a 

Nitrogen 1 31.84 4.62 b 

Sulfur x nitrogen 4 12.83 1.86° 

Error 36 6.88 

a. Significant at the 1% level. 

b. Significant at the 5 %  level. 

c. Not significant. 
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A small reduction in yield of the S3 treated plants was observed under 

the second level of nitrogen. 

The analysis of variance (Table 4) shows a significant effect of 

nitrogen on seed yield at the 5% level. The interaction between nitrogen 

and sulfur was found to be not significant. 

Seed production from tertiary heads was also significantly re

duced under extreme conditions of sulfur deficiency (Table 5). No signi

ficant difference was found between the Sj and S4 level treatments. The 

second  leve l  o f  n i t rogen  s ign i f ican t ly  increased  seed  y ie ld  a t  the  5 %  

level as shown by the analysis of variance (Tables 5 and 6). The same 

table shows no significant interaction between nitrogen and sulfur. 

Total seed production (seed from primary, secondary, and ter

tiary heads) is presented in Table 7 and Figure 2. Basically, extreme 

sulfur deficiency inhibited seed production at both levels of nitrogen. 

There was no significant difference in total seed yield among the higher 

levels of sulfur (SJ to S4). 

Nitrogen enhanced total seed production significantly at the 

5% level as shown in the analysis of variance (Tables 7 and 8). There 

was no significant interaction between nitrogen and sulfur. 

Based on the above data, we can infer that safflower plants 

can attain maximum production with a relatively low level of sulfur (16 

ppm). The data obtained follow the general pattern found in the literature 

with other crops (Ergle and Eaton, 1951; Tisdale et al. , 1950; and 

Eppendorffer, 1968). 
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Table 5. Seed Production from Tertiary Heads of Safflower Plants Grown 
under Five Levels of Sulfur and Two Levels of Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Sulfur Nutrition Level 
N itrogen 
Nutrition 

Level s0 

CO CO CM CO H
 

CO 

S4 

(grams) 

Nx 5.84a 14.91b 18.41b 18.46b 12.00b 

N2 5.39a 22.66b 19.98b 22.04b 17.68b 

Table 6. Analysis of Variance for Seed Production from Tertiary Heads of 
Safflower Plants Grown under Five Levels of Sulfur and Two Levels of 

Nitrogen 

Source 
Degrees of 

Freedom 
Mean 

Square F 

Sulfur 4 362.15 13.24 a 

Nitrogen 1 163.84 5.99k 

Sulfur x nitrogen 4 26.31 0.96° 

Error 36 27.35 

a. Significant at the 1% level. 

b. Significant at the 5% level. 

c. Not significant. 
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Table 7. Total Seed Production of Safflower Plants Grown under Five 
Levels of Sulfur and Two Levels of Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level S0 S1 S2 S3 s4 

(grams) 

Ni 16.65a 31.24b 37.01b 36 . 55b 29.00b 

N2 16.16a 41.99b 40.22b 39.00b 39.16b 

Table 8. Analysis of Variance for Total Seed Production of Safflower 
Plants Grown under Five Levels of Sulfur and Two Levels of Nitrogen 

Source 
Degrees of 

Freedom 
Mean 

Square F 

Sulfur 4 858.57 16.45 a 

Nitrogen 1 340.13 6.52 b 

Sulfur x nitrogen 4 62.13 1.19° 

Error 36 52.16 

a. Significant at the 1 % level. 

b. Significant at the 5% level. 

c. Not significant. 
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under Five Levels of Sulfur and Two Levels of Nitrogen 
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Oil Content 

Table 9 and Figure 3 show the oil content of seed from primary 

and secondary heads. Under extreme sulfur deficiency (SQ level), the 

oil content of the seed was significantly reduced. No significant dif

ference was found among the other sulfur levels. 

Nitrogen had no effect on oil content of the seed from primary 

and secondary heads, as shown by the analysis of variance (Table 10). 

There was no significant interaction between nitrogen and sulfur. 

Oil content of seed from tertiary heads was also significantly 

depressed when plants were subjected to extreme sulfur deficiency 

(Table 11 and Figure 4). Plants grown in treatments S^, S2, S3, and 

S4 showed no significant difference in seed oil content. 

The higher level of nitrogen significantly depressed oil content 

of the seed as shown in the analysis of variance (Tables 11 and 12). 

There was no significant interaction between sulfur and nitrogen. 

Table 13 shows the total amount of oil present in seed from 

primary, secondary, and tertiary heads. Sulfur restricted oil production 

only at the lowest level. It was noted earlier that nitrogen had no sig

nificant effect on oil content of seed from primary and secondary heads 

but restricted its seed yield. However, when the total oil production is 

considered, no significant effect of nitrogen is observed, according to 

the analysis of variance (Table 14). The positive effect of nitrogen on 

yield (Tables 4 and 6) counterbalanced the negative effect on oil content 

of seed from tertiary heads (Table 12). The interaction between sulfur 

and nitrogen on total oil production was insignificant. 
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Table 9. Oil Content of Seed from Primary and Secondary Heads of Saf-
flower Plants Grown under Five Levels of Sulfur and Two Levels of 

Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level S0 S1 S2 S3 s4 

(percent) 

Ni 24.39a 27.26b 27.23b 27.96b 27.32b 

No 23.53a 27.09b 26.24b 26.55b 27.01b 

Table 10. Analysis of Variance for Oil Content of Seed from Primary and 
Secondary Heads of Safflower Plants Grown under Five Levels of Sulfur 

and Two Levels of Nitrogen 

Source 
Degrees of 

Freedom 
Mean 

Square F 

Sulfur 4 19.93 11.13 a 

Nitrogen 1 6.98 3.90 b 

Sulfur x nitrogen 4 0.64 0.35 b 

Error 36 1.79 

a. Significant at the 1 %  level. 

b. Not significant. 
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Figure 3. Oil Content of Seed from Primary and Secondary Heads 
of Safflower Plants Grown under Five Levels of Sulfur and Two Levels of 
Nitrogen 
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Table 11. Oil Content from Tertiary Heads of Safflower Plants Grown 
under Five Levels of Sulfur and Two Levels of Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level s0 Si s2 s3 S4 

(percent) 

Ni 23.79a 30.04b 30.57b 32.31b 28.94b 

No 23.11a 29.41b 28.02b 28.88b 30.18b 

Table 12. Analysis of Variance for Oil Content of Seed from Tertiary 
Heads of Safflower Plants Grown under Five Levels of Sulfur and Two 

Levels of Nitrogen 

Degrees of Mean 
Source Freedom Square F 

Sulfur 4 82.76 20.33 a 

Nitrogen 1 18.25 4.48 b 

Sulfur x nitrogen 4 8.31 2.04 c 

Error 36 4.07 

a. Significant at the 1% level. 

b. Significant at the 5 %  level. 

c. Not significant. 
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Figure 4. Oil Content of Seed from Tertiary Heads of Safflower 
Plants Grown under Five Levels of Sulfur and Two Levels of Nitrogen 
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Table 13. Amount of Oil Present in Total Seed Production of Safflower 
Plants Grown under Five Levels of Sulfur and Two Levels of Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level s0 Si s2 s3 s4 

(grams) 

N1 4.03a 9.03b 10.74b 11.15b 8.13b 

N2 3.74a 11.89b 10.91b 10.85b 11.13b 

Table 14. Analysis of Variance for Total Amount of Oil Present in Seed of 
Safflower Plants Grown under Five Levels of Sulfur and Two Levels of 

Nitrogen 

Degrees of Mean 
Source Freedom Square F 

Sulfur 4 89.70 15.54 a 

Nitrogen 1 14.90 

XX 00 LO CM 

Sulfur x nitrogen 4 7.12 1.23 b 

Error 36 5.77 

a. Significant at the 1% level. 

b. Not significant 
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Seed from tertiary heads were found to have a higher oil content 

than seed from primary and secondary heads, at the 1% level of signifi

cance, according to the t test. This suggests that oil production can 

be increased simply by increasing the percentage of seed from tertiary 

heads in total seed production. Plant breeders should increase their ef

forts to develop plants with a predominance of tertiary heads. By in

creasing tertiary head production, oil yield could be indirectly increased. 

The data also suggest (Table 2) that by changing the sulfur nutrition 

status of the plant, different proportions of primary, secondary, and 

tertiary heads in total dry matter production can be attained. This seems 

to be an open field for further investigations where other factors should 

be tested for their effects on the partition of the yield components on 

total plant production. However, one should be cautious in extrapolat

ing these results to safflower crops in general. This study used a cul-

tivar which has thick-hulled seed. Studies should be conducted with 

cultivars having thin-hulled seed to see if the same relationships exist. 

The response of oil seed crops to sulfur nutrition, as reported 

in the literature, are not very consistent. According to Veeraraghavan 

and Madhavan (1966) sulfur fertilization depressed oil yield of peanuts. 

There have been other reports showing no response of oil production to 

sulfur fertilization Qosefsson, 1970; and Sew and Lahiri, 1960). On the 

other hand, Chopra and Kanwar (1966), Bertramson et al. (1950), and 

Southern (1967) found a positive response of oil-producing crops to sul

fur fertilization. 

Venema (1963) presented evidence showing that both yield and 

oil content of flax and soybeans were increased by fertilizers containing 
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sulfate anion as compared with those containing chloride anion. Stanford 

and Jordan (1966) suggested that oil seed crops possess a relatively high 

sulfur requirement. 

Data from the present trial clearly suggest a positive effect of 

sulfur nutrition on oil content of safflower seed under the experimental 

conditions. However, maximum seed oil content, as well as maximum 

oil production, was attained at relatively low levels (16 ppm) of sulfur 

present in the nutrient solution, suggesting a relatively low sulfur re

quirement of safflower plants for oil production. 

Sulfur is present in Coenzyme A, an important compound largely 

involved in fatty acid synthesis (Hawke and Stumpf, 1965). It is pos

sible that the decrease in oil content as well as oil production in saf

flower plants exposed to sulfur deficiency is due to a shortage in the 

amount of Coenzyme A in plant cells. Tokunaga (1960) published data on 

rice showing a significant decrease of Coenzyme A in sulfur-deficient 

plants. Based on the above evidence, it can be speculated that sulfur 

deficiency limited seed oil content, as well as total oil yield, by limit

ing the Coenzyme A pool within plant cells. 

Protein Content 

Table 15 and Figure 5 show the protein content of seed from 

primary and secondary heads. Sulfur had no effect on protein content at 

both levels of nitrogen. The analysis of variance (Table 16) shows that 

nitrogen had a highly significant effect on protein content of safflower 

achenes with no significant interaction between sulfur and nitrogen. 
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Table 15. Protein Content of Defatted Seed Meal from Primary and Secon
dary Heads of Safflower Plants Grown under Five Levels of Sulfur and Two 

Levels of Nitrogen 

(The data shown are averages of five replications.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level S 0  S 1  S 2  S 3  S 4  

(percent) 

Ni 2 9 . 7 1  3 1 . 7 1  3 2 . 1 2  3 2 . 2 7  3 0 . 4 7  

N 2  3 5 . 5 6  3 4 . 7 4  3 3 . 7 2  3 3 . 6 7  3 3 . 1 3  

Table 16. Analysis of Variance for Protein Content of Defatted Seed Meal 
from Primary and Secondary Heads of Safflower Plants Grown under Five 

Levels of Sulfur and Two Levels of Nitrogen 

Source 
Degrees of 

Freedom 
Mean 

Square F 

Sulfur 4 3.04 0.48 a 

Nitrogen 1 105.64 16.84 b 

Sulfur x nitrogen 4 7.95 1.26 a 

Error 36 6.27 

a. Not significant. 

b. Significant at the 1% level. 
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Figure 5. Protein Content of Seed Meal from Primary and Secon
dary Heads of Safflower Plants Grown under Five Levels of Sulfur and 
Two Levels of Nitrogen 



Protein content of seed from tertiary heads is presented in 

Table 17 and Figure 6. At the first level of nitrogen (N^) there was a 

depression in protein content in the S2 treated plants. At the N2 level, 

the same response was observed, that is, at intermediate levels of sul

fur (S-^ and S2), protein content tended to decrease. Probably this is due 

to the fact that at those intermediate levels, sulfur was present in suf

ficient amount to attain optimum yield but was limiting for protein pro

duction. When the sulfur level was increased (Sg and S4), the seed 

protein content tended to increase. The SQ treated plants showed a high 

protein content probably because extreme sulfur deficiency inhibited seed 

yield, but the fewer seed produced had enough sulfur available to assure 

maximum protein content. 

Nitrogen had a striking effect on the seed protein content as 

shown by the analysis of variance (Table 18). The second level of nitro

gen significantly increased protein content. The interaction between 

sulfur x nitrogen was found to be significant at the 5% level. This was 

due to a different response of the and S2 treated plants. Seed from 

treated plants had a higher protein content at the N-^ than at the N2 

level, while the reverse occurred with seed from S2 treated plants. The 

reason for this significance could be attributed to a sampling problem. 

A consideration of the total amount of protein present in saf-

flower seed from primary, secondary, and tertiary heads combined, 

shows a negative effect of sulfur at the Sg level (Table 19 and Figure 7). 

No difference was found among the other sulfur levels. The differences 

in seed yield were of such magnitude (Tables 4 and 6) that the differences 
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Table 17. Protein Content of Defatted Seed Meal from Tertiary Heads of 
Safflower Plants Grown under Five Levels of Sulfur and Two Levels of 

Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level SO SI S2 S3 S4 

(percent) 

NI 33.08ab 34.65ab 31.21a 32.67a 35.65b 

N2 39.05b 33.83a 33.34a 36.12ab 36.91ab 

Table 18. Analysis of Variance for Protein Content of Defatted Seed Meal 
from Tertiary Heads of Safflower Plants Grown under Five Levels of Sulfur 

and Two Levels of Nitrogen 

Degrees of Mean 
Source Freedom Square F 

Sulfur 4 25.83 4.67 a  

Nitrogen 1 58.66 13.27 b 

Sulfur x nitrogen 4 21.36 3.86 a  

Error 36 5.53 

a. Significant at the 5 %  level. 

b. Significant at the 1% level. 
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Figure 6. Protein Content of Seed Meal from Tertiary Heads of 
Safflower Plants Grown under Five Levels of Sulfur and Two Levels of 
Nitrogen 
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Table 19. Amount of Protein Present in Defatted Seed Meal of Safflower 
Plants Grown under Five Levels of Sulfur and Two Levels of Nitrogen 

(The data shown are averages of five replications. Means followed by the 
same letter within a row are not significantly different at the 5% level.) 

Nitrogen 
Sulfur Nutrition Level 

Nutrition 
Level so Si S2 s3 S4 

(grams) 

Ni 5.14a 10.51b 11.71b 11.87b 9.45b 

No 5.93a 14.24b 13.48b 13.66b 13.64b 

Table 20. Analysis of Variance for the Total Amount of Protein Present in 
Defatted Seed Meal from Safflower Plants Grown under Five Levels of Sul

fur and Two Levels of Nitrogen 

Source 
Degrees of 

Freedom 
Mean 

Square F 

Sulfur 4 94.26 14.96 a  

Nitrogen 1 77.37 12.28a  

Sulfur x nitrogen 4 5.45 0.86 b 

Error 36 6.30 

a. Significant at the 1% level. 

b. Not significant. 
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in protein content were overshadowed when the total protein production 

was determined. 

The N2 level had a positive effect on total protein production. 

The analysis of variance (Table 20) shows a significant effect of nitro

gen at the 1% level with no interaction between sulfur and nitrogen. 

Seed from tertiary heads were found to have a higher protein 

content than seed from primary and secondary heads, at the 1% level of 

significance. It was reported previously that this seed also had a higher 

oil content. The cultivar used in this experiment has thick-hulled seed. 

It is most likely that higher protein and oil content were found in seed 

from tertiary heads, as compared with those from primary and secondary 

heads, due to a decrease in the hull content of the former. The point 

mentioned,earlier with reference to oil content should also apply to 

protein content, that is, we can increase protein content by increasing 

the percentage of tertiary heads on total head production. However, one 

should restrict this conclusion to cultivars with thick-hulled seed, since 

the above relationships may not hold true with thin-hulled cultivars. 

There are several reports showing that under sulfur deficiency, 

protein production is checked and plants accumulate a high amount of 

organic nonprotein nitrogen in vegetative parts. When the level of sul

fur is increased, in general, a decrease is observed in the accumulation 

of nonprotein nitrogen, with concomitant increase in the protein content 

of the vegetative parts (Ergle and Eaton, 1951; Tokunaga and Tokuoka, 

1957; Millar and Steward, 1959; and Prevot and Ollagnier, 1964). How

ever, when the effect of sulfur in protein content of seed is studied, 

different results have been obtained. Chopra and Kanwar (1966) reported 
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that application of sulfur in groundnuts decreased protein content of 

seed. Thomas (1959) found no effect of sulfur on the protein content of 

corn kernels. Coic et al. (1962) working with barley reported that sul

fur nutrition substantially increased protein content of leaves but had 

only a small effect on grain protein content. On the other hand, there 

are reports that show a positive effect of sulfur on seed protein content 

(Renner et al., 1953; and Josefsson, 1970). 

The data of the present study suggest that seed from primary 

and secondary heads are much less sensitive to sulfur nutrition than 

from tertiary heads. There was no detectable effect of sulfur on seed 

protein content from primary and secondary heads. In seed from tertiary 

heads, protein content was higher at either low (SQ) or high (Sg and S^) 

levels of sulfur. The general trend was that at intermediate (S^ and S2) 

levels of sulfur, seed from tertiary heads showed a lower protein con

tent. 

Total protein production data show a significant negative effect 

of the SQ treatment on protein accumulation in the safflower achene. No 

difference was observed between the effects of the other sulfur treat

ments . 

Nitrogen had a positive effect on protein content of seed from 

primary and secondary heads and tertiary heads. The response to nitro

gen supports the general findings in the literature. 

It can be inferred from the data presented that sulfur is rarely a 

limiting factor in seed protein production of safflower plants. Only under 

extreme sulfur deficiency was protein production influenced significantly. 
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At intermediate levels, it tended to depress protein content, but the 

reduction was insufficient to cause a significant reduction in total 

protein produced. 

Amino Acid Content 

Table 21 shows the amino acid content of defatted seed meal 

from primary and secondary heads of safflower plants grown under five 

levels of sulfur and the lowest level of nitrogen. According to this table, 

the content of glutamic acid, lysine, glycine, methionine plus valine, 

and phenylalanine plus leucine tended to increase slightly at intermedi

ate levels of sulfur. A decrease was observed at either SQ or levels 

of sulfur. It is suggested that the increase in the content of those amino 

acids was responsible for the increase in protein content observed at 

intermediate levels of sulfur (Fig. 5). Histidine and proline showed a 

tendency to decrease at intermediate levels of sulfur. Cysteine and 

serine tended to increase slightly from the SQ to S4 level. The other 

amino acids appeared to have about the same content for each of the 

sulfur treatments. 

When the proportional concentrations of amino acids are con

sidered (Table 22), serine shows an increase as the sulfur level in

creases from the SQ to S4 level. The opposite is observed with glutamic 

acid; that is, its proportion decreases slightly as sulfur levels are in

creased. Histidine and proline decreased in relative proportion at inter

mediate levels of sulfur, showing relatively high proportions at either 

low or high levels. Alanine, glycine, and phenylalanine plus leucine 

showed a reduction at the SQ level, as compared with the other levels of 



Table 21. Amino Acid Content of Defatted Seed Meal from Primary and Secondary Heads of Safflower 
Plants Grown under Five Levels of Sulfur and the Nj Level (126 ppm) 

(Sx—standard error of mean.) 

Sulfur Nutrition Level 

s0 Si S2 s3 S4 

Amino Acid Mean Sx Mean Sx Mean Sx Mean Sx Mean Sx 

(mg/g of dry weight) 

Aspartic acid 38.4 3.20 32.2 1.60 48.2 1.90 43.1 1.60 39.5 0.70 

Glutamic acid 67.1 0.70 68.5 1.10 72.3 1.20 66.7 1.90 65.2 0.80 

Cysteine 2.4 0.30 2.7 0.10 2.8 0.10 2.9 0.20 2.9 0.20 

Serine 7.4 0.80 9.7 0.80 11.3 1.00 12.6 0.40 11.5 1.20 

Lysine 10.0 1.10 13.7 1.10 13.9 1.70 12.4 1.20 10.2 0.80 

Glycine 20.9 1.50 21.7 1.40 24.1 2.80 25.8 0 .50 22.4 1.20 

Histidine 36.1 0.80 32.2 0.70 30.6 1.30 29.0 1.30 32.9 1.40 

Arginine 1.0 0.20 1.6 0.37 1.7 0.29 2.0 0.23 1.7 0.29 

Threonine 1.6 0.17 2.2 0.50 1.9 0.37 2.3 0.30 2.1 0.40 

Alanine 6.6 0.17 8.8 0.30 8.4 0.50 7.8 0.30 8.3 0.80 

Tryosine 2.3 0.33 2.6 0.40 2.8 0.23 2.6 0.40 2.4 0.30 

Proline 16.5 1.90 12.5 2.00 14.4 3.0 14.4 3.00 16.5 1.90 

Methionine + valine 7.2 0.29 7.8 0.50 9.0 0.60 8.9 0.50 7.8 0.80 

Phenylalanine + leucine 18.9 0.83 25.2 1.20 23.0 0.72 21.8 0.50 19.7 1.00 
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Table 22. Proportional Concentration of Amino Acids Present in Defatted 
Seed Meal Protein from Primary and Secondary Heads of Safflower Plants 

Grown under Five Levels of Sulfur and the Level (126 ppm) 

Amino Acid 

Sulfur Nutrition Level 

Amino Acid s0 Si s2 s3 s4 

(percent) 

Aspartic acid 16.23 13.33 17.42 16.48 16.24 

Glutamic acid 28.37 28.37 26.73 26.66 26.82 

Cysteine 1.01 1.11 1.08 1.15 1.19 

Serine 3.12 4.01 4.38 5.02 4.73 

Lysine 4.22 5.67 5.39 4.95 4.19 

Glycine 8.83 8.98 9.35 10.29 9.21 

Histidine 15.26 13.33 11.87 11.57 13.53 

Arginine 0.42 0.66 0.65 0.79 0.69 

Threonine 0.67 0.91 0.73 0.91 0.86 

Alanine 2.79 3.64 3.25 3.11 3.41 

Tryosine 0.97 1.07 1.08 1.03 0.98 

Proline 6.97 5.17 5.58 5.74 6.78 

Methionine + valine 3.04 3.23 3.49 3.55 3.20 

Phenylalanine + leucine 7.99 10.43 8.92 8.70 8.10 
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sulfur. All other amino acids showed only slight change in their relative 

proportions as a result of sulfur treatment. 

At the higher level of nitrogen (Table 23), the content of aspar-

tic acid and glycine was great at the SQ level, compared with the other 

levels of sulfur. Probably, this f" ct accounts for the higher protein con

t e n t  o b s e r v e d  i n  t h e  s e e d  o f  t h e  S Q  t r e a t e d  p l a n t s  ( F i g .  5 ) .  

Serine and proline showed a tendency to decrease at intermedi

ate levels of sulfur. On the other hand, lysine had a tendency to in

crease slightly at intermediate levels of sulfur. The other amino acids 

did not show any particular trend as a response to sulfur treatment. 

The relative proportion of amino acids presented in Table 24 

showed an increase in aspartic acid at the SQ level compared with the 

other sulfur levels. Glutamic acid tended to increase slightly with an 

increase in the sulfur levels. The relative proportion of the other amino 

acids was essentially constant throughout the sulfur treatments. 

When Nj and N2 levels are compared, it is noted that the gly

cine content is lower at the N2 level. Glutamic acid content was con

sistently higher at the second level of nitrogen for all sulfur treatments. 

To a lesser extent, the content of aspartic acid, alanine, methio

nine plus valine, and phenylalanine plus leucine was also found to be 

higher at the N2 level. The other amino acids did not show any pro

nounced change at the two levels of nitrogen nutrition. 

Table 25 shows the amino acid content of defatted seed meal 

from tertiary heads of safflower plants grown under five levels of sulfur 

and the first level of nitrogen. Glutamic acid and aspartic acid had a 

higher content at the SQ level, compared with the other sulfur levels. 



Table 23. Amino Acid Content of Defatted Seed Meal from Primary and Secondary Heads of Safflower 
Plants Grown under Five Levels of Sulfur and the N2 Level (238 ppm) 

(Sx—standard error of mean.) 

Sulfur Nutrition Level 

S 0 S 1 S 2 S 3 S 4 
Amino Acid Mean Sx Mean Sx Mean Sx Mean Sx Mean Sx 

(mg/g of dry weight) 

Aspartic acid 52.2 2.00 37.5 2.18 43.5 2.90 38.6 3.40 41.2 1.52 

Glutamic acid 86.8 4.12 81.7 3.18 89.7 7.30 86.0 5.00 83.6 4.90 

Cysteine 2.6 0.40 3.0 0.28 2.8 0.23 2.8 0.23 3.0 0.23 

Serine 10.4 0.97 8.6 0.40 5.9 0.71 8.0 0.39 10.7 0.47 

Lysine 9.3 1.15 9.8 0.66 13.5 0.67 8.1 0.61 8.4 0.86 

Glycine 19.2 0.66 17.3 1.73 17.2 1.75 17.3 2.00 17.5 0.75 

Histidine 30.1 1.23 30.0 1.28 29.8 1.57 25.7 1.66 30.7 1.11 

Arginine 1.6 0.37 1.7 0.45 1.8 0.45 1.5 0.26 1.7 0.10 

Threonine 3.6 0.17 3.5 0.10 3.4 0.29 3.1 0.61 3.0 0.23 

Alanine 10.0 0.29 9.2 0.20 11.6 0.17 9.6 0.17 10.0 0.38 

Try0sine 1.9 0.33 2.9 0.33 2.6 0.57 2.7 0.66 3.0 0.43 

Proline 18.4 1.89 14.4 3.40 14.5 3.50 16.5 1.90 18.4 1.90 

Methionine + valine 11.7 0.58 10.5 0.58 12.1 0.98 10.1 0.61 9.5 0.72 

Phenylalanine + leucine 25.5 1.33 23.9 1.00 28.6 0.51 24.1 1.44 24.5 1.90 
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Table 24. Proportional Concentration of Amino Acids Present in Defatted 
Seed Meal Protein from Primary and Secondary Heads of Safflower Plants 

Grown under Five Levels of Sulfur and the N2 Level (238 ppm) 

Amino Acid 

Sulfur Nutrition Level 

Amino Acid s0 S1 S2 S3 S4 

(percent) 

Aspartic acid 18.41 14.76 14.97 15.19 16.21 

Glutamic acid 30.61 32.16 32.19 33.84 32.68 

Cysteine 0.91 1.18 1.04 1.10 1.18 

Serine 3.66 3.38 2.19 3.14 4.21 

Lysine 3.28 3.85 5.02 3.18 3.30 

Glycine 6.77 6.81 6.40 6.80 6.88 

Histidine 10.61 11.81 11.10 10.11 12.08 

Arginine 0.56 0.66 0.67 0.59 0.66 

Threonine 1.26 1.37 1.26 1.21 1.18 

Alanine 3.52 3.62 4.32 3.77 3.93 

Try 0sine 0.67 1.14 0.96 1.06 1.18 

Proline 6.66 5.66 5.40 6.49 7.24 

Methionine + valine 4.12 4.13 4.50 3.98 3.73 

Phenylalanine + leucine 8.99 9.40 9.91 9.48 9.64 



Table 25. Amino Acid Content of Defatted Seed Meal from Tertiary Heads of Safflower Plants Grown 
under Five Levels of Sulfur and the Nj Level (126 ppm) 

(Sx—standard error of mean.) 

Amino Acid 

Sulfur Nutrition Level 

SO 
Mean Sx 

Si 
Mean Sx 

S2 

Mean Sx Mean Sx 

S4 

Mean Sx 

(mg/g of dry weight) 

Aspartic acid 41, .8 2, .15 36, .0 1, .94 33, .8 2, .00 33, .5 3, .00 34, .4 1, .10 

Glutamic acid 70, .3 3, .90 61, .5 1, .54 62, .5 3, .18 62, .5 3, .00 65, .5 3, .55 

Cysteine 2, .4 0, .29 2, .6 0, .40 2, .7 0, .29 2, .7 0, .40 2, .7 0, .29 

Serine 9. .0 1, .10 7, .3 0, .87 5, .6 0, .33 6, .7 0, .72 8. .7 0, .66 

Lysine 16, .1 1, .23 15, .2 1, .45 13, .2 2, .10 13, .9 1, .08 14. .5 1, .56 

Glycine 19, .1 1, .74 15, .7 2, .00 13, .8 1. .42 17. .9 1, .51 15, .1 2, .10 

Histidine 31, .3 1, .51 29, .5 1, .72 24, .5 1, .76 25, .3 0, .86 25, .5 1, .40 

Arginine 1. .4 0. .28 1, .6 0, .17 1, .7 0, .37 1, .3 0, .17 1, .6 0, .17 

Threonine 2, .8 0, .58 1, .7 0, .40 1, .7 0. .10 1, .8 0, .38 2, .3 0. .60 

Alanine 8. .8 0, .38 8. .5 0, .20 7. .7 0, .48 8, .7 0, .10 8, .5 0. .41 

Tryosine 2, .3 0. .45 3, .5 0, .48 3, .0 0, .52 2, .3 0, .23 2. .7 0, .48 

Proline 16. ,7 2. ,09 12. ,5 2, .09 14. ,6 3. ,60 14, .6 3. .60 14. ,6 3. .60 

Methionine + valine 8. ,2 0, .67 6. .4 0. .56 8, .4 0, .48 7, .3 0, .78 8. .0 0, .95 

Phenylalanine + leucine 22. ,3 1. .29 19. . 6 1. .36 21. .1 0. ,30 21. ,0 1. ,17 21. ,6 1. ,89 
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To a lesser extent, histidine and glycine tended to have a higher content 

at the Sg level. At intermediate levels of sulfur, the content of those 

amino acids tended to decrease slightly. Serine, lysine, and threonine 

also followed this trend; that is, at intermediate levels their content 

was lower than at either the Sg or S4 level. Cysteine increased only 

slightly with increasing level of sulfur nutrition. The other amino acids 

were not greatly affected by sulfur level. 

When the proportional concentration of amino acids are con

sidered (Table 26) it is noted that there is not very much of a change 

throughout the sulfur levels. An exception is cysteine and phenylalanine 

plus leucine, where a positive association with sulfur nutrition is pres

ent. All other amino acids appeared to have their relative concentrations 

unchanged by sulfur treatment. 

At the higher level of nitrogen nutrition (Table 27), aspartic 

acid showed a pronounced increase at the Sg level, compared with the 

other levels of sulfur. At higher levels (Sg and S4), its content tended 

to increase but not considerably. Glutamic acid, serine, lysine, histi

dine, proline, and phenylalanine plus leucine appeared to have a higher 

content at either the Sg or S4 levels. This fact plus the high content of 

a spa r t i c  ac id  a t  the  Sg  l eve l ,  and  to  a  l e s se r  ex ten t  a t  the  S3  and  S4  

levels, may explain the high protein content observed at either low or 

high sulfur levels (Figure 6). Again, cysteine increased only slightly 

with increasing sulfur level. 

When the relative proportions of the amino acids present in 

defatted seed meal from tertiary heads are considered (Table 28), it is 

noted that aspartic acid appeared to have a higher percentage of the total 
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Table 26. Proportional Concentration of Amino Acids Present in Defatted 
Seed Meal Protein from Tertiary Heads of Safflower Plants Grown under 

Five Levels of Sulfur and the N-^ Level (126 ppm) 

Amino Acid 

Sulfur Nutrition Level 

Amino Acid s0 S1 s2 s3 s4 

(percent) 

Aspartic acid 16.56 16.24 15.77 15.27 15.23 

Glutamic acid 27.86 27.75 29.16 28.40 29.00 

Cysteine 0.95 1.17 1.25 1.23 1.19 

Serine 3.56 3.28 2.61 3.05 3.85 

Lysine 6.38 6.85 6.15 6.33 6.42 

Glycine 7.57 7.08 6.43 8.16 6.68 

Histidine 12.40 13.31 11.43 11.53 11.29 

Arginine 0.55 0.72 0.79 0.59 0.70 

Threonine 1.10 0.76 0.79 0.82 1.01 

Alanine 3.48 3.83 3.58 3.96 3.76 

Tyrosine 0.91 1.57 1.39 1.04 1.19 

Proline 6.61 5.64 6.81 6.65 6.46 

Methionine + valine 3.25 2.88 3.91 3.32 3.54 

Phenylalanine + leucine 8.83 8.84 9.84 9.57 9.56 



Table 27. Amino Acid Content of Defatted Seed Meal from Tertiary Heads of Safflower Plants Grown 
under Five Levels of Sulfur and the N2 Level (238 ppm) 

(Sx—standard error of mean) 

Sulfur Nutrition Level 

S 0 S 1 S 2 S3 S4 

Amino Acid Mean Sx Mean Sx Mean Sx Mean Sx Mean Sx 

(mg/g of dry weight] 

Aspartic acid 44.9 3.37 31.3 2.10 34.2 2.90 36.3 4.06 38.4 2.20 

Glutamic acid 74.4 3.02 71.9 6.20 69.2 5.40 70.0 4.14 74.4 5.75 

Cysteine 2.3 0.23 2.6 0.40 2.8 0.23 2.8 0.29 2.9 0.20 

Serine 9.8 0.86 8.2 1.44 7.8 1.00 7.2 0.88 9.8 0.76 

Lysine 12.1 1.44 7.6 1.36 7.5 0.90 9.9 1.81 12.6 1.00 

Glycine 17.0 2.70 18.0 2.67 16.8 2.28 13.6 1.00 20.3 0.86 

Histidine 32.6 0.85 26.4 1.73 25.8 1.23 25.8 1.38 32.1 1.38 

Arginine 1.5 0.24 1.5 0.17 1.3 0.17 1.7 0.29 1.6 0.32 

Threonine 3.0 0.59 2.9 0.72 3.0 0.42 2.3 0.28 2.9 0.67 

Alanine 7.9 0.37 8.3 0.39 9.1 0.46 8.6 0.18 8.6 0.50 

Tyrosine 2.6 0.40 3.0 0.26 2.6 0.40 2.9 0.70 3.1 0.68 

Proline 18.8 2.09 14.6 3.31 14.6 3.31 14.6 3.31 18.8 2.09 

Methionine + valine 7.9 0.68 6.5 0.33 8.1 0.45 8.1 0.72 7.9 0.49 

Phenylalanine + leucine 22.5 1.06 18.8 1.07 18.6 1.24 18.7 1.06 20.7 2.10 
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Table 28. Proportional Concentration of Amino Acids Present in Defatted 
Seed Meal Protein from Tertiary Heads of Safflower Plants Grown under 

Five Levels of Sulfur and the N2 Level (238 ppm) 

Amino Acid 

Sulfur Nutrition Level 

Amino Acid so Si S2 S3 S4 

(percent) 

Aspartic acid 17.45 14.12 15.44 16.31 15.11 

Glutamic acid 28.91 32.44 31.25 31.46 29.27 

Cysteine 0.89 1.17 1.26 1.25 1.14 

Serine 3.80 3.70 3.52 3.23 3.85 

Lysine 4.70 3.42 3.38 4.44 4.95 

Glycine 6.60 8.12 7.58 6.11 7.98 

Histidine 12.66 11.91 11.65 11.59 12.63 

Arginine 0.58 0.67 0.58 0.76 0.62 

Threonine 1.16 1.30 1.35 1.03 1.14 

Alanine 3.07 3.74 4.11 3.86 3.38 

Tryosine 1.01 1.35 1.17 1.30 1.21 

Proline 7.30 6.58 6.59 6.56 7.39 

Methionine + valine 3.07 2.93 3.65 3.64 3.10 

Phenylalanine + leucine 8.74 8.48 8.40 8.40 8.14 
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amino acid content at the Sg level, when compared with the other sulfur 

levels. This result supports the high protein content found at the N2 

level in the SQ treated plants. Glutamic acid experienced a small in

crease as well as cysteine, with increasing sulfur levels. All other 

amino acids did not change in proportional content throughout the sulfur 

levels. 

When Nj and N2 levels are compared, it is observed that the 

lysine content tended to be lower for the N2 level. Glutamic acid con

tent was consistently higher at the N2 level throughout all sulfur levels. 

To a lesser extent, the contents of aspartic acid and serine were also 

found to be higher at the N2 level. The other amino acids did not show 

any appreciable change at the two levels of nitrogen. 

There have been some reports showing a clear increase in the 

methionine and cysteine content in protein of plants fertilized with sul

fur (Arora and Luthra, 1971; Oke, 1969; and Chopra and Kanwar, 1966). 

Eppendorffer (1968) reported that absence of sulfur in barley plants de

creased cysteine content of the grain more than methionine. According 

to the data reported here, there was only a slight increase in cysteine 

content when sulfur levels were increased. 

Josefsson (1970) found an increase in aspartic acid content in 

rape seed which had been produced with nitrogen fertilization. Basical

ly, the same results were found in the data presented here. The amount 

of aspartic acid was higher at the N2 level in both seed groups (primary 

and secondary heads and tertiary heads). There was also a higher pro

portion of aspartic acid in seed protein of stressed plants (SQ) at the 

second level of nitrogen compared with the first. Similar results were 



found by Coic et al. (1962) in barley grain. They reported a drop in cys

teine content and an increase in aspartic acid, as well as glutamic acid 

in sulfur-deficient plants. Eppendorffer (1968) reported data on barley 

that corroborate this fact. He also reported an increase in aspartic acid 

content in sulfur-deficient barley plants. 

Waggle et al. (1967) published results showing a significant 

effect of nitrogen on protein content of sorghum seed. They reported that 

the content of lysine, histidine, arginine, threonine, and glycine de

creased with nitrogen fertilization. In the present results, lysine con

tent was negatively associated with nitrogen level for plants producing 

seed in primary and secondary heads. The same association was present 

for glycine content in seed from tertiary heads. The differences, how

ever, are not sizable. These data in part agree with the findings of 

Waggle et al. (1967). 

At the N2 level, glutamic acid content was positively associ

ated with sulfur nutrition treatment. Hanower and Brzozowska (1964) 

reported data showing the same trend in peanuts. 



SUMMARY AND CONCLUSIONS 

A greenhouse hydroponic-culture experiment was designed to 

study the effect of five levels of sulfur nutrition and two levels of nitro

gen nutrition on seed characteristics of safflower plants. 

The dry matter production data indicate that under extreme sul

fur deficiency reproductive yield was more restricted than vegetative 

yield. In both low and high sulfur levels, a higher percentage of dry 

matter came from primary and secondary heads, as compared with the 

other treatment levels. 

Total seed production was restricted only at the lowest level 

of sulfur. Nitrogen, however, affected total seed production significant

ly. The data suggest that safflower plants can attain maximum seed 

production with a relatively low (16 ppm) level of sulfur. 

Oil content of seed was significantly depressed only at extreme 

sulfur deficiency in both seed groups. Nitrogen had no significant effect 

on oil content of seed from primary and secondary heads, but the highest 

level of nitrogen nutrition significantly depressed the oil content of 

seed from tertiary heads. 

Seed from tertiary heads were found to have a higher oil content 

than those from primary and secondary heads. This fact suggests that 

oil production might be increased simply by increasing the percentage 

of seed from tertiary heads in total seed production. 

Sulfur nutrition was found to have no significant effect on pro

tein content of seed from primary and secondary heads. Seed from tertiary 
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heads were found to be more responsive to sulfur nutrition as far as pro

tein content is concerned. In this seed group, protein content was 

higher at either low or high levels of sulfur. The general trend was that 

at intermediate levels of sulfur seed from tertiary heads showed a lower 

protein content. 

When the total protein accumulation was considered, a negative 

effect of sulfur was found at the lowest level, compared with the other 

sulfur treatments. 

Nitrogen had a positive effect on protein content of seed from 

primary and secondary heads and from tertiary heads. 

Seed from tertiary heads were found to have higher protein con

tent than those from primary and secondary heads. 

Sulfur does not seem to play a very important role in seed pro

tein production of safflower plants. Only under extreme sulfur deficiency 

was production of protein inhibited. At intermediate levels, it tended to 

depress protein content, but the reduction in protein content was not 

high enough to cause a significant reduction in total production. 

The amino acid content of seed in general was not changed ap

preciably by the different nutrient status of the plants. 

Cysteine content tended to increase only slightly with sulfur 

levels at both levels of nitrogen. 

Aspartic acid and glutamic acid content showed a tendency to be 

consistently higher at the N2 level. At the N2 level, the proportion of 

aspartic acid in both seed groups was higher in seed from SQ treated 

plants. The proportion of glutamic acid tended to increase slightly with 

sulfur treatment at the N2 level. 
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The other amino acids were not greatly changed by the nutrient 

status of the plants. 

The data suggest that the composition of safflower seed protein 

cannot be changed considerably through nitrogen and sulfur nutrition. 

The amino acids that experienced the most drastic changes were aspartic 

acid and glutamic acid, which are known to be primarily involved in 

transamination reactions. Plant stress often influences the aspects of 

metabolism that have wide-ranging effects on plant growth and develop

ment. The data presented seem to support this view. 
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