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There is considerable variation among rose varieties in suscepti- 

bility to mildew, and as a result of maturation, leaves of most 

susceptible varieties become resistant to infection. The nature of 

resistance has been sought in various studies involving environmental, 

morphological, and physiological factors. An attempt was made in the 

present investigation to correlate rose mildew resistance with levels 

of nitrogenous compounds in the leaves. Extracts from young and old 

leaves from three susceptible varieties, White Knight, Nocturne, and 

Poinsettia, and three resistant rose varieties, Pink Favorite, Tropi- 

cana, and Sarabande, and from diseased leaves from the susceptible 

varieties were analyzed by paper chromatography. 

The data presented represent the results from processing 53 paper 

chromatograms and analysis of four extracts with an Amino Acid 

Analyzer. At least two chromatograms were processed for each extract 

which was used for quantitative determinations. Thirty -two ninhydrin 

reactive compounds were found in the rose leaf tissues. Twenty -six 

were found on chromatograms and six others were detected with an Amino 

Acid Analyzer. Substances on the chromatograms were identified by 



comparison with maps prepared from known substances and by the use of 

specific developing reagents. Twenty -nine of the nitrogenous sub- 

stances were identified; three are listed as unknown compounds. 

Quantitative determinations, based upon spot size and intensity of 

color reaction, were carried out on 22 amino compounds. 

The amino compounds in leaves of susceptible as compared with 

resistant varieties and in young leaves as compared with old leaves 

which have become resistant with age are correlated with susceptibility 

of these tissues to mildew. ß- Alanine, tyrosine, pipecolic acid, and 

lysine were usually found in higher amounts in susceptible tissues 

than in corresponding resistant tissues. Cysteic acid was found in 

relatively high levels in resistant varieties and in old leaves. The 

low levels of certain compounds in resistant tissues suggests a 

requirement for these materials by the pathogen. The high concentra- 

tion of cysteic acid could reflect a lack of adequate cysteine for 

growth of the pathogen, since inhibition of cysteine synthesis could 

lead to a build -up of cysteic acid. 

Certain combinations of amino compounds were found to be more 

highly concentrated in susceptible than in resistant tissues. The 

level of total amino compounds also tended to be higher in susceptible 

tissues. Inhibition of the pathogen may be due not only to lower 

levels of available nitrogenous compounds in resistant tissues, but 

also to the proportion of such compounds to one another. 

Healthy tissues from all three varieties contained higher levels 

of amino compounds than corresponding diseased tissues. Six of the 

eight amino compounds which decreased in diseased leaves were also 



found in lower concentrations in old leaves. This may suggest that 

certain amino compounds are particularly important in nutrition of the 

pathogen. 

There appears to be a strong correlation between amino compound 

levels and resistance to mildew. It is suggested that the concentra- 

tions of amino compounds influence host resistance through requirements 

of the rose mildew pathogen for these substances, or that the presence 

of the amino compounds may reflect the type of metabolism which occurs 

in resistant tissue. 
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RELATION OF NITROGENOUS SUBSTANCES IN ROSE LEAVES 
TO POWDERY MILDEW RESISTANCE 

INTRODUCTION 

Powdery mildew is one of the most serious diseases of rose, 

occurring wherever the host is grown. The disease is especially 

prevalent in the Pacific Northwest area of the United States. 

Economic losses result from reduced plant growth and from infections 

which distort the buds and blooms. Young leaves, buds, and stems are 

attacked throughout the growing season and severe infection may 

cause the death of leaves and stem dieback. 

Most investigators in the United States consider the rose mildew 

fungus to be Sphaerotheca pannosa (Wallr.) Lev. var rosae Wor; how- 

ever, not all authors agree regarding the nomenclature of this 

organism. In his monograph of the Erysiphaceae, Salmon (34) listed 

S. humuli (D.C.) Burr. as one of the pathogens of rose in North 

America. Blumer (2) listed both S. pannosa and S. macularis (Wallr. 

ex Fr.) W.B. Cke. as pathogenic on rose in Europe. Mycologists in 

Wisconsin have identified the powdery mildew fungus on Rosa virginiana 

Mill. as S. humuli for 75 years while investigators from other states 

have identified this fungus as S. pannosa (7). Since the perfect 

stage of the organism is rarely found in many geographical areas, 

characters such as conidial size and mycelial growth habit have been 

used to identify the species. Such characters have been shown to be 

considerably influenced by the nutritional state of the host. It is 

likely that the relationships of the rose powdery mildew fungi will 

become better understood from exhaustive studies of the occurrence 



and habit of the organism and from the use of such newer methods as

tissue culture studies.

The host response to presence of the powdery mildew fungus varies

considerably. Some varieties are extremely susceptible while others

are very resistant. Apparently none of the very large number of rose

varieties is entirely immune to attack under conditions optimum for

pathogenesis, although during a certain growing season a variety may

show no visible symptoms. A difference in susceptibility of the same

variety in different geographical locations has also been observed.

The age of rose leaves is one of the important factors in disease

susceptibility. Older leaves are more resistant to mildew than young

leaves. Rogers (31) stated that "susceptibility of rose leaves to

infection decreases after a leaf has been expanded as little as four

days. At about two weeks of age, the leaf may be almost completely

resistant." An explanation of the factors contributing to this

diversity of tissue susceptibility has been sought in various experi

ments involving morphological, environmental, and physiological

factors of the rose as well as of other hosts.

In experiments which revealed the effects of certain environ

mental conditions upon the epidemiology of rose powdery mildew,

Rogers (31) reported that relative humidities of from 55 percent

to 100 percent did not limit the incidence or severity of rose

mildew. Longree (21) investigated the influence of temperature

powdery mildew of roses and found that the range of temperatures

within which the pathogen may develop is very wide. Optimum

on
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temperatures for the development of the fungus coincided with tem- 

peratures most favorable for the growth of the host. 

Weinhold (38), in experiments designed to determine whether 

resistance of peach to S. pannosa may be based upon a morphological 

host barrier to penetration, reached the conclusion that the observed 

correlation between resistance and increasing thickness of epidermal 

wall and cuticle with aging was coincidental and was not involved in 

the mechanism of resistance. Similarly, Schnathorst (35), working 

with powdery mildew of lettuce, found a negative correlation between 

resistance and the combined thickness of cuticle and epidermal wall. 

By placing detached resistant leaves in culture, or by a short period 

of etiolation, resistant lettuce leaves became susceptible. The con- 

clusion was reached that resistance was physiological rather than 

morphological. 

The present study was an attempt to pursue the possibility that 

resistance of Rosa to S. pannosa var rosae may be primarily physio- 

logical in nature and may relate to levels of nitrogenous compounds 

in the leaves. Particular emphasis was placed on: (1) identifica- 

tion by paper chromatography of the particular free amino -type 

nitrogenous compounds which are found in the alcoholic extracts of 

rose leaves, (2) determination of the concentrations of the individual 

and total nitrogenous substances in the alcohol soluble leaf frac- 

tions, and (3) comparisons of the kinds and amounts of these 

(( 
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substances in the following contrasting types of leaf tissues: 

susceptible -resistant, young (healthy) -old, healthy -diseased, and 

diseased -old. 
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REVIEW OF LITERATURE 

In a series of experiments concerned with the effect of Fusarium 

oxysporum f. lycopersici (Sacc.) Snyder and Hansen on leaf constitu- 

ents of susceptible and resistant tomato plants, Rohringer, et al (32) 

reported that, following infection, a great number of components 

changed in concentration in plants of the susceptible variety while 

little or no change was observed in resistant plants. Comparing 

nitrogenous compounds in cotton varieties resistant and susceptible to 

Fusarium vasinfectum Woll., Lakshminarayanan (19) found, through 

extensive chromatographic studies, that both shoots and roots of re- 

sistant varieties contained significant amounts of cystine while the 

susceptible varieties did not. Hadwiger and Hall (15) noted that 

lesions on watermelons caused by Colletotrichum lagenarium (Pass.) Ell. 

and Halst. were concentrated along the dark green stripes of the rind 

but were rarely found in the light green stripes. He found that the 

dark green stripes contained higher concentrations of glutamine, 

aspartic acid, and alanine than corresponding light green areas. 

For many plant diseases, there is a striking correlation between 

age of tissue and resistance or susceptibility to disease. The older 

tissue is usually more resistant, though the reverse is sometimes 

true. Several investigators have demonstrated differences in rela- 

tive amounts of certain nitrogenous compounds in old and young tissue. 

Old cucumber leaves, which are resistant to Pseudomonas lachrymans 

(E.F. Sm. and Bryan) Carsner were shown by Van Gundy and Walker (37) 

to have a relatively low level of amino nitrogen. Treatments that 



made old leaves susceptible also resulted in amino nitrogen contents 

higher than normal. Christiansen and Thimann (4) found a marked 

decrease in 29 ninhydrin reactive substances during growth of pea 

stems. Lugg and Weller (22) detected an increase in cysteine and a 

decrease in methionine accompanying the onset of senescence in clover 

leaves. Nayudu and Walker (25) correlated the slower development of 

bacterial spot, caused by Xanthomonas vesicatoria (Doidge) Dowson, on 

older tomato leaves with a decrease in total and soluble nitrogen in 

the tissue. In both healthy and infected leaves, soluble nitrogen 

decreased consistently with increasing age of leaves. 

The effects of disease development on nitrogen metabolism have 

been examined by comparing nitrogenous compounds in healthy and dis- 

eased host tissues, Allison (1) reported that the total amino 

nitrogen in virus diseased potato tubers was lower than that present 

in healthy tissue by approximately one -third. Burton and deZeeuw (3) 

identified 16 ninhydrin positive amino acids and amides in aqueous 

extracts of cucumber foliage from healthy and diseased plants and 

found that asparagine and glutamine were markedly lower in diseased 

tissues. Fife (9) reported higher concentrations of glutamic acid 

in juice from healthy sugar beet plants than that from plants which 

were infected with curly top virus. Hrushovetz (17), studying the 

effect of infection by Helminthosporium sativum P.K. and B. on the 

amino content of wheat roots, detected about twice the concentration 

of free alanine, serine, and asparagine in diseased roots as in 

healthy ones. The effect of Verticillium albo -atrum Reinke and Berth. 

6 
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on the free amino acids and amides of pepper and chrysanthemum plants 

was studied by Ross (33). Infected chrysanthemum leaf tissue con- 

tained much more proline than did healthy tissue. Pipecolic acid was 

detected in the leaves of infected mint seven days after inoculation; 

it was never detected in healthy mint plants. 

Studies on the growth of many fungi have shown that development 

may be profoundly affected by certain nutrients. Georg (13), working 

with strains of Trichophyton megnini Emmons, 1934 showed a require- 

ment for the addition of 1- histidine for adequate growth on an 

ammonium- nitrate -dextrose medium. 1- Histidine could not be replaced 

by any other amino acid or combination of amino acids. Hydroxypro- 

line was somewhat inhibitory for all strains. McVeigh and Bell (24) 

reported a requirement for methionine for adequate growth of Candida 

albicans Y -475 Burk. and a requirement of cystine for growth of 

Mycoderma vini Y -939 Burk. on a minimal medium supplemented with vita- 

mins. Amino acids were categorized as nitrogen sources for Venturia 

inaequalis (Cke.) Wint. into the following groups: "good" sources - 

alanine, arginine, aspartic acid, glutamic acid, glycine, and proline; 

"fair" - histidine, isoleucine, serine, tyrosine, and valine, and 

"poor" - cystine, hydroxyproline, leucine, lysine, methionine, 

phenylalanine, threonine, and tryptophane. Robbins and Ma (30) found 

that the following amino acids gave increased growth of Trichophyton 

mentagrophytes after 11 days in the following order: tyrosine, 

glutamic acid, isoleucine, leucine, phenylalanine, and arginine; 

however, after 34 days, arginine was most effective. Five amino 
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acids, tryptophane, threonine, hydroxyproline, cystine, and methionine 

were distinctly detrimental when added to a basal medium. Growth was 

inhibited completely for the first week, and development after two 

weeks was slight. Hydroxyproline at a concentration of 1 to 8000 was 

inhibitory, and at a concentration of 1 to 800 completely stopped 

growth of the test organism. According to Cochrane (5), the fungus 

Allomyces arbuscula Butler appears unable to use any source of sulfur 

other than methionine. 

With an obligate parasite such as S. pannosa it is not possible 

to directly determine the nutritional requirements of the organism. 

However, Malca, et al (23) have recently reported, from an analysis 

of 18 free amino acids in conidia from barley powdery mildew, that 

the spores were rich in amino nitrogen. 
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MATERIALS AND METHODS 

Host Plants 

Three mildew susceptible rose varieties, White Knight, Nocturne, 

and Poinsettia, and three mildew resistant varieties, Pink Favorite, 

Tropicana, and Sarabande were selected as test plants. 

Leaf samples were collected during the 1962 growing season. 

Young and old leaves were taken from all six test varieties. Leaves 

from the upper four nodes of the terminal growth were not fully ex- 

panded and were considered young. Leaves below the upper four nodes, 

which were fully expanded, were considered to be old. Collections 

were also made from both healthy and diseased young leaves. Leaves 

were considered to be diseased if a major portion of the surface had 

visible powdery mildew symptoms, and healthy if there were no visible 

signs of the disease. Two or more extracts from healthy and diseased 

leaves from each of the six rose varieties were prepared. Because of 

low variation between extracts, one extract was prepared from old 

leaves for each of the six varieties. Two or more chromatograms were 

processed for each extract. 

Extraction Procedure 

Each sample, which consisted of ten grams of leaf tissue, fresh 

weight, was added to 100 ml ethanol, bringing the final concentration 

to approximately 80 percent alcohol. The mixture was blended in a 

homogenizer for five minutes at 16,000 RPM, and the homogenate was 

filtered through a Buchner funnel. The filtrate was concentrated to 
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near dryness under reduced pressure in a rotary evaporator, and the 

residue was taken up with 50 ml distilled water. The sample was 

filtered and introduced into a previously prepared column containing 

four grams of Dowex 50 -X4 cation exchange resin; 50 ml of distilled 

water were then poured through the column. Effluents from the above 

were discarded. The amino acids were eluted from the column of 

resin, with 40 ml of 2N ammonium hydroxide, into an evaporating 

flask. The eluate was concentrated to dryness in a rotary evaporator 

at 45° C. under reduced pressure and taken up with 10 percent 

isopropyl alcohol to a volume of 4 ml. For the leaf material 200 

microliters of final extract represented 0.5 gram of fresh leaves. 

Extracts were stored at -20° C. until needed. 

Paper Chromatography 

With the development of the method of partition chromatography 

on paper by Consden, Gordon, and Martin (6) a new technique became 

available for investigation of amino compounds. One of the first 

applications of the procedure to a plant extract was made by Dent, 

Stepka, and Steward (8) who identified 22 known amino acids and 

amides in an alcoholic extract of potato tuber. A discussion of the 

technique is given by Fowden and Steward (10). 

Many workers have used paper chromatography as a tool in the 

investigation of various aspects of plant pathogenesis and disease 

development. Although there have been no studies relating amino 

nitrogen levels to resistance or susceptibility of rose varieties to 
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powdery mildew, there have been many investigations of this sort using 

other hosts and their pathogens. Comparisons have also been made of 

the nitrogenous compounds in young vs. old tissues and in healthy vs. 

diseased tissues. 

The theory of partition chromatography which utilizes the prop- 

erty of partition between two solvents, where one of the solvents is 

held stationary on an inert material, has been discussed in the 

review by Heftmann (16). The essentials of the partition chromato- 

graphic method are as follows. When a drop of a mixture of amino 

acids is dried on a sheet of filter paper and a solvent saturated 

with water is allowed to move past the spot, the different amino 

acids become distributed between the stationary water phase in the 

paper, saturated with solvent, and the mobile solvent phase saturated 

with water, that moves through the paper. Due to their different 

partition coefficients between the solvents, the amino acids are 

transported down the paper at different rates and become arranged in 

a characteristic way which is detectable after development with 

ninhydrin or other reagent. 

The solvent systems employed in this study were similar to those 

described by Fowden and Steward (10). Phenol solvent, which was used 

both for one -way chromatography and for the first run in two -way 

chromatography, was prepared as follows: one pound Mallinkrodt's 

Gilt Label phenol was added to 120 ml distilled water containing 50 mg 

8- hydroxyquinoline. For the second direction in two -way chroma- 

tography, the top layer of butanol- acetic acid -water in a 4 -1 -5 ratio 

was used. 
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Following an application of from 1 to 200 microliters of solution 

per spot, papers were placed in chromatography chambers and allowed to 

become equilibrated with 0.3 percent solution of ammonium hydroxide. 

At the end of this period, the phenol solvent was introduced into the 

solvent troughs and allowed to move through the paper in a descending 

manner, After 24 hours, papers were removed from the chambers and 

allowed to dry at room temperature. Some of the papers were then 

treated according to the techniques described as a "multiple -dip" by 

Smith (36) for one -way chromatography. Isatin was used to detect pro- 

line in the first dip. The second treatment consisted of a deter- 

mination of hydroxyproline through the employment of Ehrlich's reagent. 

A third treatment with Sakaguchi reagent was used to establish the 

presence or absence of arginine. All of these determinations were 

made on a qualitative or semi -quantitative basis. 

Other papers from the phenol chamber were turned 90 degrees and 

placed in a second chamber for equilibration with the lower phase of 

the butanol solvent. At the end of this period the upper, or mobile, 

phase of the butanol solvent was placed in the troughs and allowed to 

descend through the papers. The papers were removed after 30 hours 

and allowed to dry at room temperature, Chromatograms were then ready 

for development with ninhydrin, isatin, the Sakaguchi reagent, or 

Ehrlich's reagent. The ninhydrin treatment consisted of the appli- 

cation of a 0.3 percent (w /v) solution of ninhydrin in acetone to the 

papers which were then allowed to remain in a darkened cabinet for an 

18 hour development. Isatin was applied as a 0.2 percent solution in 
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acetone to which sufficient acetic acid had been added to make a 4 per- 

cent solution, Treated papers were held at a temperature of 100° C. 

for ten minutes for color development. The color reactions of known 

substances after treatment with either ninhydrin or isatin are shown 

in Table 1. Results shown in Table 1 were helpful in the interpreta- 

tion of chromatograms of leaf extracts, 

After several attempts to prepare an adequate "map" of known 

amino acids and amides, the following method was adopted. A single 

substance was spotted on Whatman 1 filter paper measuring 46 cms x 

57 cms and processed as described for two -way chromatography. A 

second paper was spotted with this same substance plus a second amino 

compound before being processed. A third paper was spotted with these 

two substances followed by the application of a third. The technique 

was continued until a complete series of known amino compounds was 

made available for examination and later reference (Figures 1 and 2). 

This "mapping" process enables the worker to see the exact effect of 

adding a single new compound to the previously determined substances. 

The addition of a new compound may result in one of three different 

effects. One new spot may develop, two new spots may develop, or 

there may be a complete absence of new spots. For example, when 

methionine was added to previously determined substances, two new 

spots were detected. It was suspected that one of the spots was an 

artifact, but further study of the chromatographic behavior of 

methionine revealed that one of the spots was formed by methionine, 

and the second spot was formed by methionine sulphoxide. These two 
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Table 1. Color reactions of known substances developed with Ninhydrin or Isatin. Known sub - 

stances spotted on papers followed by descending chromatography using Phenol- Butanol 

solvent systems. 

Amino Compound Ninhydrin Isatin 

1. Aspartic acid Purple Blue 

2. Glutamic acid Purple Blue-lavender 
3. Serine Purple Lavender 

4. Cysteine Purple Gray 

5. Asparagine Brown Lavender 
6. Glycine Purple Lavender 

7. Threonine Purple Lavender 

8. Alanine Purple Blue -lavender 

9. Glutamine Purple Lavender 
10. Histidine Blue - purple Lavender 
11. Lysine Purple Lavender 
12. Methionine sulphoxide Purple Blue-lavender 
13. Arginine Purple Lavender 
14. Proline Orange -yellow Blue 

1S. Tyrosine Purple Blue -green 
16. Valine Purple Lavender 

Methionine Purple Blue -lavender 

17. Tryptophane Lavender Gray 

18. Phenylalanine Purple Blue -green 
19. Leucine(s) Purple Lavender 

20. Cysteic acid Purple 
21. Hydroxyproline Orange- yellow Blue 

22, ß-Alanine Lavender Blue- lavender 
23, a-Aminobutyric acid Purple Blue 
24. .Y-Aminobutyric acid Purple 
25. Pipe colic acid Blue 
26. Homocystine Pink 
27. Methionine sulphone Purple Blue-lavender 
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Figure 1. Chromatogram of known amino compounds. For identification 
of numbers see Table 3. 



Figure 2. Chromatogram of known amino compounds. For identification of numbers see Table 3. 

+ 
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substances had approximately the same Rf in phenol solvent, but were 

widely separated ny butanol. On the other hand, the addition of 

glycine to an application of serine led to the absence of a new spot, 

indicating that these two compounds were not separating under the con- 

ditions employed. This situation arose as the result of processing a 

comparatively small amount of glycine. It was found that, under con- 

ditions in the present study, an adequate separation of glycine from 

serine occurred only if relatively large amounts of glycine were used, 

e.g. approximately eighty micrograms. 

The following techniques were used to measure the concentration 

of specific compounds found in rose leaf extracts. A series of known 

amounts of amino compounds was prepared for comparison with like sub- 

stances from chromatograms of leaf extracts. Solutions of the known 

amino compounds were diluted from an original 1 percent (w /v) con- 

centration and spotted on Whatman 1 filter papers for chromatography. 

After the ninhydrin treatment, spots were given a rating based upon 

color intensity and size (Figure 4). A range of spots was prepared 

for each known amino compound to coincide with the range of concentra- 

tions of the particular substance in the leaf extracts. Ratings were 

assigned each spot on chromatograms of leaf extracts immediately 

following the 18 hour ninhydrin development. Quantitative determina- 

tions were made for the following amino acids and amides: aspartic 

acid, serine -glycine, asparagine, glutamine, histidine, threonine, 

alanine, lysine, ß- alanine, y- aminobutyric acid, tyrosine, valine, 

tryptophane, and the leucines. This method was not applicable to a 



Figure 3. Chromatogram of marker 
substances. 

v-aminobutyric acid 611. 

la 

JA 

lox 

15a 

10? 

30r 

Figure 4. Example of standard series 
used in quantitative 
determinations. 
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quantitative determination of glutamic acid because of the high con- 

centrations present in the leaf extracts. All numbers in Tables 3, 4, 

and 5 have been converted to micrograms of amino compound per gram 

fresh weight of leaf tissue. 

Figure 3 illustrates the use of marker substances in the inter- 

pretation of chromatograms. It was found that by forming triangles 

with lysine, glutamine, proline, alanine, and valine the character- 

istic pattern formed by the nitrogenous compounds was more readily 

seen. 

Four extracts were analyzed by an Amino Acid Analyzer which is 

an instrument designed specifically for the separation and identifica- 

tion of amino compounds from a mixture. The instrument employed in 

the present study was the model K -8000, manufactured by Phoenix 

Precision Instrument Company, Philadelphia, Pennsylvania. The four 

extracts were from (1) young Tropicana leaves, (2) young healthy 

White Knight leaves, (3) diseased White Knight leaves, and (4) old 

White Knight leaves. 
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RESULTS 

Fifty -three two -dimensional chromatograms, each spotted with a 

single extract from rose leaf tissue, were processed in order to 

obtain the data given in Tables 3, 4, and 5, and in Figures 12 -20. 

Two or more extracts of leaves from each of the six rose varieties 

were prepared for the healthy and diseased tissues. Two chromatograms 

of each extract were processed and interpreted for quantitative deter- 

minations. Because of low variation between extracts, one extract was 

prepared from old leaves for each of the six varieties, but at least 

two chromatograms were processed for each extract in determination 

of quantitative data. Variation among chromatograms is indicated by 

the data in Table 2. Figures 5 -11 are typical of chromatograms of 

extracts from rose leaf tissue. The examples were prepared by photo- 

graphing tracings of the original chromatograms. The amino substances 

corresponding to the numbered spots are identified in Table 3. 

A total of 32 ninhydrin reactive compounds were found to be 

present in the alcoholic extracts from rose leaf tissue (Tables 3 -5). 

Twenty -six ninhydrin reactive compounds, listed in Table 3, were found 

on the various paper chromatograms. Six amino compounds which are not 

listed in Table 3 were detected by an Amino Acid Analyzer (Table 6). 

Nineteen compounds were identified by comparison with paper chromato- 

grams of known compounds. Three of the spots were identified as being 

composed of: (1) serine and /or glycine, (2) valine and /or methionine, 

and (3) leucine, isoleucine, and phenylalanine. Three ninhydrin 
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reactive substances were observed on paper chromatograms in locations 

different from those of any of the known compounds used and were 

listed as U1, U2, and U3 in Tables 3, 4, and 5. Several amino com- 

pounds which were assigned similar locations on chromatograms by other 

investigators using corresponding methods were chromatographed in an 

unsuccessful attempt to identify these unknown substances. 

Quantitative determinations were carried out on 14 amino com- 

pounds by the method of Poison (27). Results are given in Tables 3, 

4, and 5. The numbers represent micrograms of amino compound per gram 

of fresh weight of leaf tissue. It was not possible to obtain 

numerical data on the remaining amino compounds because of difficulty 

in obtaining an adequate set of quantitative standards. Relative 

amounts of these compounds present were determined by setting up a 

rating system based upon spot size and intensity of color reaction. 

The following categories were assigned: 0, below detectable level, 

+, trace level, ++, light concentration, +++, medium concentration, 

and it I , high concentration. Glutamic acid was found consistently to 

be the dominant free amino compound present in the leaf extracts from 

all three types of tissue: healthy, diseased, and old. With the 

amount of extract spotted for the quantitative determinations of other 

amino compounds, glutamic acid was present in a concentration in 

excess of 200 micrograms per gram leaf tissue in all except mature 

tissues of White Knight, Pink Favorite, and Tropicana. Other com- 

pounds which were found in high concentrations were serine -glycine, 

asparagine, and alanine. 

.. 
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The presence of pipecolic acid in the rose leaf extracts was 

inferred by the location of the spot and by the distinctive blue color 

reaction which was observed after treatment with ninhydrin. The loca- 

tion of pipecolic acid, spot number 25, on chromatograms may be 

observed in Figure 5. 

An acidic solution of p- dimethylamino- benzaldehyde mixed with 

acetone (Ehrlich's reagent) was used for the determination of hydroxypro- 

line. After preparation of a two -dimensional chromatogram of a 

solution of hydroxyproline, the chromatogram was treated with the 

reagent. A positive test was indicated by the appearance of a bright 

purple spot. Application of this process to similarly prepared chro- 

matograms of leaf tissue extracts failed to show detectable amounts of 

hydroxyproline; however, presence of hydroxyproline was established by 

use of an Amino Acid Analyzer (Table 6). The compound was evidently 

present in very small amounts. 

One of the problems involved in the interpretation of chromato- 

grams was the incomplete separation of certain compounds. For ex- 

ample, serine and glycine moved to similar areas and were incompletely 

separated (Figure 5). Likewise, spot number 19 includes phenylalanine 

and /or the two isomers leucine and isoleucine. The presence of 

leucine, isoleucine, and glycine in the leaf extracts was shown by the 

data from the Amino Acid Analyzer. 

Another problem in the interpretation of chromatograms was the 

appearance on certain chromatograms of ninhydrin reactive substances 

which could not be identified. The spot labelled Ul appeared in the 
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location as shown in Figure 6 between cysteic and aspartic acid. From 

information given by Smith (36), in his book on chromatographic tech- 

niques and from the similarity in Rf with homocystine, U1 was con- 

sidered to be formed by a substance related to cystine. This spot was 

found only on chromatograms of extracts from old leaves of susceptible 

varieties, It was never observed on chromatograms of extracts from 

young leaves or from old leaves of resistant varieties. 

A second unknown compound (U2) appeared in the location as shown 

in Figure 5. Because of its location U2 was thought, at first, to be 

either arginine or methionine sulphoxide. However, the following tests 

showed that this spot was formed by neither of these compounds. A 

specific reagent ( Sakaguchi) for monosubstituted guanidines was used 

to test for the presence of arginine. In order to become familiar 

with the effects of the Sakaguchi reagent, solutions of arginine were 

spotted and processed by one -way descending chromatography with the 

butanol- acetic acid -water solvent system. Chromatograms were then 

treated either directly with the reagent, or the ninhydrin reaction 

was carried out first followed by the Sakaguchi treatment. In both 

cases, the presence of arginine was confirmed by the immediate appear- 

ance of a red spot. Application of this treatment to chromatograms of 

leaf extracts confirmed the absence of arginine. U2 was shown not to 

be methionine sulphoxide by treatments with hydrogen peroxide subse- 

quent to the spotting of papers with the leaf extracts. Hydrogen 

peroxide converts methionine and /or methionine sulphoxide to methio- 

nine sulphone with the appearance on processed chromatograms of a spot 
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in an unoccupied position different from either methionine or methionine 

sulphoxide. Chromatograms of leaf extracts which had been treated with 

hydrogen peroxide failed to show a change in the appearance of the spot 

labelled U2. There was also a small but consistent difference in Rf 

with the phenol solvent system between U2 and methionine sulphoxide. 

Methionine sulphoxide typically appeared in a direct line following 

methionine, as shown in Figure 3, with the butanol- acetic acid -water 

solvent system. U2 regularly moved faster than methionine in the 

phenol solvent and therefore appeared further from the point of appli- 

cation than did methionine sulphoxide. 

A third unidentified spot appeared on certain chromatograms near 

the area occupied by proline as shown in Figure 7. Because of its 

similar chromatographic behavior, this substance was originally 

thought to be proline. This tentative identification was shown to be 

incorrect by chromatography of extracts containing a sufficiently high 

concentration of proline to give the yellow to orange spot typically 

formed with ninhydrin, with the simultaneous appearance of a lavender 

spot immediately below. The unknown substance also invariably moved 

slightly faster than proline in the butanol solvent. 

Nineteen ninhydrin reactive compounds from the rose leaf extracts 

were detected by an Amino Acid Analyzer (Table 6). Data from the 

Amino Acid Analyzer were an important aid in the interpretation of 

paper chromatograms. Certain compounds which were detected by the 

Analyzer (Appendix Tables 1 -3) were never found on paper chromatograms: 

hydroxyproline, a,-- aminobutyric acid, S- methyl -L- cysteine sulphoxide, 

- 
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and isoleucine. Where certain compounds were incompletely separated 

on paper chromatograms, their presence was indicated by the Analyzer 

data. Examples are glycine, methionine, phynylalanine, and isoleucine. 

In several instances, however, information from the paper chro- 

matograms was necessary for the interpretation of the results from the 

Analyzer. The peak labelled serine on the Analyzer graphs represents 

a determination of serine plus the amides, asparagine and glutamine. 

The separation of asparagine and glutamine was readily achieved on 

paper chromatograms. Similarly, the presence of ß- alanine and /or 

homocystine was inconclusively determined by the Analyzer. These com- 

pounds appeared in quite different locations on paper chromatograms. 

Comparison of the levels of soluble nitrogenous compounds in extracts 

from leaves of tile susceptible varieties White Knight, Nocturne, and 

Poinsettia with those of the resistant varieties Pink Favorite, 

Tropicana, and Sarabande. 

1. The combined weights of 14 quantitatively determined amino 

compounds were noticeably greater in Nocturne and Poinsettia (sus- 

ceptible) than in Pink Favorite and Sarabande (resistant). The totals 

for the two susceptible varieties were 347 and 369 micrograms /gram 

leaf tissue; for the two resistant varieties, the corresponding totals 

were 156 and 135. Totals for White Knight (susceptible) and Tropicana 

(resistant) were intermediate: 226 and 248.6. 

2. p- Alanine was not detected in extracts from young healthy 

leaves of resistant varieties. This compound was consistently 
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obtained from extracts of young healthy leaves of susceptible 

varieties. 

3. The concentration of lysine was greater in the young healthy 

leaves of susceptible varieties than in those of resistant varieties. 

4. The compound listed as U1 in Tables 3, 4, and 5 was found in 

all of the extracts from old susceptible leaves, but was never found 

in extracts from old resistant leaves nor in any of the young tissues 

examined. 

5. Seven amino compounds, lysine, 13- alanine, tyrosine, valine- 

methionine, leucine, pipecolic (position), and U2, were found in 

higher amounts in the susceptible varieties, Nocturne and Poinsettia, 

than in the resistant varieties, Pink Favorite and Sarabande. 

6. The concentration of cysteic acid was lower in Nocturne and 

Poinsettia than in Pink Favorite and Sarabande. 

Comparison of the levels of soluble nitrogenous compounds in extracts 

from young and old leaves. 

1.` Young leaf tissue of all six varieties contained a higher 

level of total amino compounds per gram of leaf tissue than old leaves 

of the same variety. A comparison of the amino compounds in young and 

old leaves is shown in Figures 12 -17. The susceptible varieties, 

White Knight, Nocturne, and Poinsettia, are represented in Figures 12, 

13, and 14, respectively; the resistant varieties, Pink Favorite, 

Tropicana, and Sarabande, are shown in Figures 15, 16, and 17. The 

difference in amount of amino compounds in young and old tissue was 

' 
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much greater in the susceptible varieties than in the resistant. Old 

leaves of White Knight, Nocturne, and Poinsettia had 150, 278, and 

297.5 fewer micrograms of amino compound per gram of tissue than cor- 

responding young leaves. In contrast, the differences for the 

resistant varieties Pink Favorite, Tropicana, and Sarabande were 84.5, 

141.1, and 19.5, respectively. 

2. The levels of serine -glycine, asparagine, glutamine, alanine, 

p- alanine, lysine, valine- methionine, tyrosine, and the leucines were 

consistently lower or equal in old leaves of the six varieties examined 

than in young leaves. 

3. Levels of aspartic acid, glutamine, and alanine in old leaves 

of resistant varieties were similar to the levels found in the young 

leaves (Figures 15, 16, and 17); the levels of the same compounds in 

old leaves of susceptible varieties were lower than in the young 

leaves (Figures 12, 13, and 14). 

4, In old leaves of susceptible varieties there was a lower 

amount of Y- aminobutyric acid than in the young leaves. In old leaves 

of resistant varieties the level of Y- aminobutyric acid was greater or 

nearly the same as in the young leaves. 

5. Cysteic acid was present in old leaves in higher amounts than 

in young leaves of the six varieties tested, except in Pink Favorite 

where the level remained constant. 
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Comparison of the levels of soluble nitrogenous compounds in extracts 

from healthy and diseased leaves of susceptible varieties. 

1. Healthy leaf tissue contained a higher level of total amino 

compounds per gram of leaf tissue than diseased tissue of the vari- 

eties examined. Healthy leaf tissue of White Knight, Nocturne, and 

Poinsettia contained 226, 347, and 369 micrograms per gram fresh 

weight leaf tissue; corresponding figures for the diseased leaves of 

the same varieties were 161.6, 154.6, and 216.5, respectively. 

2. The concentrations of asparagine, glutamine, alanine, lysine, 

valine- methionine, pipecolic (position), proline, the leucines, and 

U2 were markedly lower in extracts from diseased leaves than from 

healthy. 

3. The concentrations of cysteic acid in diseased leaves was 

greater or equal to that in healthy leaves. 

4. Cysteine occurred in a higher concentration in diseased 

leaves than in healthy. 

5. The concentration of histidine, while below a detectable 

level in healthy leaves from susceptible varieties, appeared in 

diseased leaves in comparatively high amounts in two of the three 

varieties examined. 

Comparison of the levels of soluble nitrogenous compounds in extracts 

from diseased and old leaves of susceptible varieties. 

1. The concentrations of aspartic acid, serine -glycine, aspara- 

gine, threonine, lysine, ß- alanine, y-aminobutyric acid, tyrosine, 

valine -methionine, and cysteine were lower in old leaves of the three 
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susceptible varieties than in the diseased leaves of the same vari- 

eties. 

2. The concentrations of cysteic acid, proline, and Ul were 

higher in old leaves of the three susceptible varieties than in the 

diseased leaves of the same varieties. 



Table 2. Typical data showing variation among chromatograms (Nocturne). Numbers represent micrograms per O. 5 gram leaf. 
Young. Healthy Diseased Old 

Amino Chromatogram 
Total 

Chromatogram 
Total Average 

Chromatogram 
Average Acid 1 2 3 Average 1 2 1 2 Total 

1. Aspartic acid 5 -10 5 -10 5 -10 24 8 5 -10 5 12.5 6 5 1 -5 7.5 3.7 

2. Glutamic acid 100+ 100+ 100+ -- 100+ 100+ 100+ -- 100+ 100+ 100+ -- 100+ 

3-6. Serine- Glycine 15 -20 100 100 217 71 15 14 29 14.5 11 15 26 13 

5. Asparagine 10 -15 10 -15 20 46 15.3 10 10 20 10 5 5 10 5 

7. Threonine 1 0 1 2 .6 3 1 4 2 1 1.2 2.2 1.1 

8. Alanine 10 10 10 30 10 5 -10 5 -10 15 7.5 5 -10 5 -10 15 7.5 

9. Glutamine 1 1 1 3 1 1 .7 1.7 . 8 7 . 5 1.2 .6 

0. Histidine 0 0 0 0 0 5 -15 15 -20 27.5 13.7 0 0 0 0 

1. Lysine 5 -10 5 -10 5 -10 22.5 7.5 5 5 10 5 1 -5 1 -5 6 3 

5. Tyrosine 1 -5 4 0 7 2.3 2 0 2 1 0 0 0 0 

6. Valine -Methionine 5 10 5 20 6.5 1 -5 1 3.5 1.7 1 1 2 1 

7. Tryptophane 0 0 0 0 0 0 0 0 0 0 O 0 
.. 0 

8 -19. Phenylalanine- 

Leucine(s) 5 15 10 30 10 5 5 10 5 5 5 10 5 

2. 13- alanine 5 35 15 -20 57 19 1 -5 12 14.5 7. 5 0 0 0 0 

;4. 'y -aminobutyric 15 20 15 -20 52.5 17.5 1 -5 1 -5 6 3 0 0 0 0 

o w 

: 

- 
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Table 3. Determinations of nitrogenous substances in extracts of young healthy rose leaves as shown 

by paper chromatograms. Numbers indicate micrograms of amino compound /gram of fresh 

weight of leaf tissue. 

Susceptible Varieties Resistant Varieties 
White 
Knight 

Nocturne Poinsettia Pink 
Favorite 

Tropicana Sarabande 

1. Aspartic acid 15 16 13 15 15 8 

2. Glutamic acid 200+ 200+ 200+ 200+ 200+ 200+ 

3. Serine -Glycine (6) 90 142 90 32 80 20 

4. Cysteine 0 0 + 0 0 0 

5. Asparagine 31 31 73 47 47 20 

7. Threonine 10 1 4 4 3 2 

8. Alanine 20 20 28 20 20 20 

9. Glutamine 4 2 4 2 1.6 1.5 
10. Histidine 0 0 0 0 0 1.5 
11. Lysine 13 15 22 10 10 10 

12. Meth. sulphoxide 0 0 0 0 0 0 

13. Arginine 0 0 0 0 0 0 

14. Proline +++- +++ ++ ++ +++ +++ 

15. Tyrosine 2 5 46 0 17 0 

16. Valine -Methionine 10 13 13 6 16 2 

17. Tryptophane 0 0 10 0 0 0 

19. Leucines - phenylalanine (18) 16 20 37 10 20 10 

20. Cysteic acid + 0 0 ++ + + 

22. p -Alanine + 38 7 0 0 0 

24. N -Aminobutyric acid 15 35 22 10 19 40 

25. Pipecolic (position) ++ ++ + 0 + 0 

26. Homocystine 0 0 + 0 + + 

27. Meth. sulphone 0 0 ++ + 0 0 

U1. 0 0 0 0 0 0 

U2. +++ +++ ++++ ++ +++ + 

U3. 0 +++ ++ + + ++ +++ 

Key: 0, below detectable level 
+, trace level 

+ +, light concentration 
++ +, medium concentration 
+++ +, high concentration 

Total (omitting glutamic acid) 226 347 369 156 248,6 135 
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Table 4. Determination of nitrogenous substances in extracts of old rose leaves as shown by paper chro- 
matography. Numbers indicate micrograms of amino compound /gram of fresh weight of 

leaf tissue. 

Susceptible Varieties Resistant Varieties 
White 
Knight 

Nocturne Poinsettia Pink 
Favorite 

Tropicana Sarabande 

1. Aspartic acid 
2. Glutamic acid 
3. Serine -Glycine (6) 
4. Cysteine 

1 

150 

24 
0 

1 

200+ 
22 

0 

1 

200+ 
15 

0 

15 

50 
2 

0 

8 

200 
10 

0 

8 

200+ 
20 

0 

5. Asparagine 20 10 20 2 18 20 

7. Threonine 1.5 2 2 0 0 2 

8. Alanine 12 15 20 20 18 20 
9. Glutamine 1.5 1 1.5 1.5 1.5 1.5 

10. Histidine 0 0 0 0 0 0 

11. Lysine 0 6 0 0 6 0 

12. Meth. sulphoxide 0 0 0 0 0 0 

13. Arginine 0 0 0 0 0 0 

14. Proline ++ ++ ++ + + ++ 

15. Tyrosine 0 0 0 0 0 0 

16. Valine -Methionine 2 2 2 6 6 2 

17. Tryptophane 0 0 0 0 0 0 

19. Leucines- Phenylalanine (18) 8 10 10 10 10 10 

20. Cysteic acid ++ ++ ++ ++ ++ ++ 

22. (3 -Alanine 0 0 0 0 0 0 

24. 'r -Aminobutyric acid 6 0 0 15 30 32 

25. Pipecolic (position) + 0 0 0 0 0 

26. Homocystine 0 0 0 0 0 0 

27. Meth. sulphone 0 0 0 0 0 0 

Ul. ++ + + 0 0 0 
U2. ++ 0 + 0 + 0 

U3. ++ + + + + + 

Key: 0, below detectable level 
+, trace level 
+ +, light concentration 
+ + +, medium concentration 
++++, high concentration 

Total ¡ (omitting glutamic acid) 76 69 71.5 71.5 107.5 115.5 

. 
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Table 5. Determination of nitrogenous substances in extracts of diseased rose leaves from susceptible 

varieties as shown by paper chromatography. Numbers indicate the micrograms of amino 
compound/gram of fresh weight of leaf tissue. 

White 
Knight Nocturne Poinsettia 

1. Aspartic acid 12 12 15 

2. Glutamic acid 200+ 200+ 200+ 

3. Serine-Glycine (6) 29 29 114 

4. Cyste ine + ++ ++ 

5. Asparagine 21 20 21 

7. Threonine 8 4 4 

8. Alanine 15 15 10 

9. Glutamine 1.6 1.6 1.5 
10. Histidine 20 27 0 

11. Lysine 8 10 8 

12. Meth. sulphoxide 0 + 0 

13. Arginine 0 0 0 

14. Proline + + + 

15. Tyrosine 6 2 12 

16. Valine -Methionine 4 4 4 

17. Tryptophane 0 0 0 

19. Leucines -Phenylalanine (18) 15 10 15 

20. Cysteic acid + + + 

22. (3 -Alanine 7 14 4 

24. Y-Aminobutyric acid 15 6 8 

25. Pipecolic (position) + 0 0 

26. Homocystine + + ++ 

27. Meth. sulphone 0 0 0 

Ui. 0 0 0 

U2. + ++ +++ 

U3. +++ ++ 0 

Key: 0, below detectable level 
+, trace level 
+ +, light concentration 
+++, medium concentration 
-H++, high concentration 

Total ( omitting glutamic acid) 161.6 154.6 216.5 



Table 6. Qualitative determination of certain nitrogenous substances from rose leaf extracts as shown by an Amino Acid Analyzer. 

White Knight White Knight White Knight Tropicana 
Young Old Diseased Young 

1. Aspartic acid 
2. Glutamic acid 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3. Serine (includes glutamine, 
6. Glycine 

asparagine) + 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

7. Threonine + + + + 

8. Alanine 
14. Proline 
15. Tyrosine 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

16. Valine + + + + 

Methionine + 0 + + 

18. Phenylalanine + + + + 

19. Leucine + + + + 

Isoleucine + + + + 

21. Hydroxyproline + + + + 

22. (3- alanine, or Homocystine + ' + + + 

23. a-aminobutyric acid + + + + 

27. Methionine sulphone + + + + 

28. S-methyl-L-cysteine sulphoxide + + + + 

Ninhydrin reactive substance at 6 1/2 hours 

Key: + = present in detectable amount 
0 = not present in detectable amount 

+ 0 + + 

. 
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Figure 5. Chromatogram of extract from young healthy White Knight leaves (susceptible variety). 
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Figure 6. Chromatogram of extract from old White Knight leaves (susceptible variety). 
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Figure 7. Chromatogram of extract from diseased White Knight leaves. 
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Figure 8. Chromatogram of extract from young, healthy Poinsettia leaves (susceptible variety). 
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Figure 9. Chromatogram of extract from young Pink Favorite leaves (resistant variety). 
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Figure 10. Chromatogram of extract from young Sarabande leaves (resistant variety). 
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Figure 11. Chromatogram or extract from old Sarabande leaves (resistant variety). 
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Figure 12. Amounts of amino compounds found in extracts of young and old White Knight leaves
(susceptible variety). Actual serine value (young) was 90 micrograms.
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Figure 13. Amounts of amino compounds found in extracts of young and old Nocturne leaves
(susceptible variety). Actual serine value (young) was 142 micrograms.
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Figure 15. Amounts of amino compounds found in extracts of young and old Pink Favorite leaves

(resistant variety). Actual asparagine value (young) was 47 micrograms.
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DISCUSSION 

Powdery mildew is one of the most serious of rose diseases, 

occurring wherever the host is grown. The rose mildew pathogen, 

Sphaerotheca pannosa var. rosae attacks most of the hybrid tea vari- 

eties of rose, although certain of them are quite resistant. As a 

result of maturation, leaves of most, if not all, rose varieties 

become resistant to infection. The nature of resistance has been 

sought in various studies involving environmental, morphological, and 

physiological factors. Recent studies, such as those by Schnathorst 

and Weinhold (35), have pointed to the need for a better understanding 

of the chemical or nutritional relationship between the host and 

pathogen. 

The present study was carried out in an attempt to correlate the 

free amino compounds in rose leaves with resistance to disease, both 

of resistant varieties and of old leaf tissue. Leaf tissue extracts 

prepared from resistant and susceptible varieties, young and old 

leaves, and healthy and diseased leaves were analyzed for kinds and 

amounts of soluble nitrogenous substances. Paper chromatography was 

used in making most of the analyses, although four extracts were ana- 

lyzed, on a qualitative basis, with an Amino Acid Analyzer. A spot 

dilution method reported by Poison, et al (29) was used for the quan- 

titative determination of substances isolated by paper chromatography. 

Glutamic acid occurred in large amounts in all the tissues examined. 

Because of the concentration, it was beyond the range of the method 



used for the other amino compounds and was not included in the quan- 

titative determinations. 

The amino compounds in leaves of susceptible as compared to 

resistant varieties, and in young leaves as compared with old leaves 

which have become resistant by virtue of maturation, are correlated 

with susceptibility of these tissues to mildew. The correlation in- 

volves concentrations of specific amino compounds, combinations of 

amino compounds, and the levels of total soluble nitrogenous 

substances. 

Since S. pannosa var. rosae is an obligate parasite, no direct 

information on nutritional requirements is available. However, many 

fungi are known to require specific amino compounds for adequate 

growth. For example, Trichophyton megnini has a histidine requirement 

(13), and Allomyces arbuscula appears unable to use any source of 

sulfur other than methionine (5). The possibility that a minimum 

level of specific amino compounds may be required for adequate growth 

of the rose mildew pathogen is suggested by the following data. 

p- Alanine was found in young leaves of all susceptible varieties, but 

was never found in the resistant varieties or in old leaves of the 

susceptible varieties. Tyrosine and pipecolic acid (position) were 

found in young leaves of the susceptible varieties, Nocturne and 

Poinsettia but never in old leaves from these varieties or in young 

leaves from the resistant varieties, Pink Favorite and Sarabande. The 

concentration of lysine was noticeably greater in young leaves of sus- 

ceptible varieties than in those of resistant varieties. 

52 
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Valine- methionine, the leucines, and U2 were present in leaves from 

the susceptible varieties, Nocturne and Poinsettia, in higher con- 

centrations than in leaves from the resistant varieties, Pink Favorite 

and Sarabande. Thirteen amino compounds were more concentrated in 

young leaves of susceptible varieties than in old leaves from the 

same varieties. 

Cysteic acid was found in relatively high levels in leaves from 

resistant rose varieties but was absent in leaves from the susceptible 

varieties, Nocturne and Poinsettia. Leaves which had become resistant 

through maturation contained higher levels of cysteic acid than young 

leaves. This correlation between high concentrations of cysteic acid 

and resistance to disease may be coincidental, but it is possible that 

this compound has a direct effect on the pathogen or that presence of 

the compound reflects the occurrence of metabolic reactions which are 

concerned with resistance. Relatively high levels of cysteic acid 

may result either from the oxidation of the closely related sulfur 

compound, cysteine, or from a blocking of the pathway to cysteine 

synthesis which includes the intermediates sulfite, thiosulfate, 

serine, and cysteine -S- sulfonate (39). If the path of sulfur reduc- 

tion were inhibited or blocked, combination of serine with non -reduced 

sulfur substances could result in the synthesis of cysteic acid in 

relatively high amounts. A consequent lack of cysteine in host tissues 

may be an important deterrent to growth of the pathogen since this 

compound is required in the synthesis of such vital metabolic sub- 

stances as coenzyme A and glutathione. In old tissues, where protein 
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synthesis is at a reduced level, it seems probable that the build -up of 

cysteic acid reflects a less vigorous metabolism, with a concomitant 

decrease in concentration of compounds with the reducing power of the 

thiol radical, such as cysteine. 

Certain combinations of amino compounds tend to be more highly 

concentrated in susceptible than in resistant rose tissues. Inhibi- 

tion of growth of the pathogen on resistant rose tissues may be due 

not only to a relatively low level of available nitrogenous compounds 

but also, in part, to the balance of such compounds to one another in 

the host substrate. Tyrosine, p- alanine, pipecolic acid (position), 

lysine, valine- methionine, the leucines, and U2 were found in higher 

concentrations in leaf extracts from the susceptible varieties, 

Nocturne and Poinsettia, than from the resistant varieties, Pink 

Favorite and Sarabande. These same compounds were found in higher 

concentrations in young leaves from susceptible varieties than in old 

leaves from the same varieties. The fact that young leaves from sus- 

ceptible varieties contain a balance of amino compounds which is 

different from that of old leaves or young leaves of resistant vari- 

eties, while the balance of such substances in resistant tissues is 

similar, suggests that amino compounds are involved in the mechanisms 

of host resistance. Nayudu and Walker (25) found a difference in 

amino acid balance between tomato plants grown at optimum temperature 

for bacterial leaf spot development and plants grown at suboptimum 

temperatures. 

The total level of soluble nitrogenous substances may be a 
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primary factor in the nutritional requirements of the rose mildew 

pathogen. Young leaves of the three susceptible varieties contained 

226, 347, and 369 micrograms of free amino compounds per gram of leaf 

tissue, while the corresponding old (resistant) leaves of the same 

varieties contained 76, 69, and 71.5 micrograms (Tables 3,4). Since 

the level of glutamic acid was high in all tissues, this compound was 

not determined quantitatively and was not included in the totals. 

Total levels of 14 quantitatively determined amino compounds in the 

two susceptible varieties, Nocturne and Poinsettia, were 347 and 369 

micrograms per gram leaf tissue, respectively. Corresponding totals 

for the two resistant varieties, Pink Favorite and Sarabande, were 156 

and 135, respectively. Levels for the susceptible variety, White 

Knight, and the resistant variety, Tropicana, were intermediate, 226 

and 248.6, respectively (Table 3). Van Gundy and Walker (37), working 

with angular leaf spot of cucumber, found that old leaves, which were 

relatively low in soluble nitrogen, were resistant to infection by 

Pceiidnmonas larhrymann Treatments that made old leaves susceptible 

also resulted in amino nitrogen contents higher than normal. 

The total amino compound levels in the susceptible variety, White 

Knight, and the resistant variety, Tropicana, fall in an intermediate 

position between the other two resistant and two susceptible varieties. 

However, White Knight was more like the susceptible varieties in that 

the leaves contained higher concentrations of (3- alanine and lysine 

than leaves of Tropicana. Tropicana was like the resistant varieties 

with respect to the changes which occurred during aging of leaves. In 

the present study amino substances have been strongly linked with 



56 

susceptibility or resistance of certain rose varieties to mildew, but 

undoubtedly there are many possible mechanisms of resistance. The 

infection of White Knight and Tropicana by the mildew fungus may be 

influenced to a considerable extent by morphological factors or other 

physiological factors. 

Healthy leaf tissue from all three susceptible varieties con- 

tained higher levels of total soluble nitrogen per gram of leaf tissue 

than diseased leaf tissue. The amount of superficial fungus mycelium 

on diseased leaves was considered to be too small to influence quan- 

titative determinations. Levels of eight amino compounds, asparagine, 

glutamine, alanine, lysine, valine- methionine, pipecolic acid (posi- 

tion), the leucines, and U2 were markedly lower in extracts from 

diseased leaves than from healthy leaves. The concentration of histi- 

dine was greatly increased in diseased leaves of White Knight and 

Nocturne while cysteine was found in higher concentrations in diseased 

leaves of all three susceptible varieties. These variations may 

reflect changes in nitrogen metabolism of the hosts as a result of in- 

fection and /or nutritional requirements of the pathogen. A high 

concentration of cysteine in diseased leaves may reflect a temporarily 

stimulated respiration accompanying infection. Since one of the bio- 

chemical roles of this compound is a stimulation of the activity of 

certain intracellular proteinases (11), reduction in levels of amino 

substances may occur by hydrolysis of proteins followed by oxidation 

of the amino acids. 

Six of the eight amino compounds which decreased in diseased as 

compared to healthy tissue were also found in lower concentrations in 
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old leaves than in young. The fact that infected tissue contains a 

reduced amount of many of the same compounds that are found in low 

levels in old (resistant) leaf tissue suggests that certain amino com- 

pounds are particularly important in the nutrition of the pathogen. 

The content of amino substances in old leaves of both susceptible 

and resistant varieties is similar (Figures 6 and 11), but the metab- 

olism involved in leaf aging in susceptible varieties differs from 

that of resistant varieties. Concentrations of Y-aminobutyric acid, 

valine- methionine, aspartic acid, glutamine, and alanine decreased 

markedly during aging of leaves of all three susceptible varieties 

(Figure 12), while the concentrations of these amino compounds re- 

mained quite stable during aging of leaves of resistant varieties 

(Figure 17). An unidentified compound, U1, which was found in old 

leaves from the three susceptible varieties but not in old leaves from 

the three resistant varieties, is believed to be related to cystine. 

Since cysteic acid was also found in relatively high concentrations in 

old leaves, it seems probable that the sulfur- containing compounds are 

involved in the metabolism of leaf aging. 

On the basis of the evidence obtained during this investigation, 

resistant rose tissues, as defined in terms of the nitrogenous sub- 

stances present, tend to contain: D little or no ß- alanine, tyrosine, 

or pipecolic acid (position), 2) a high level of cysteic acid, 3) a low 

level of lysine, valine- methionine, the leucines, and U2, 4) a low 

level of total soluble nitrogen, and 5) similar levels of amino sub- 

stances in both young and old leaves. It is suggested that these 
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factors affect host resistance through requirements of the rose mildew 

pathogen for amino compounds or that the presence of these substances 

reflects the type of metabolism which occurs in resistant tissue. 
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SUMMARY 

1. In the present investigation an attempt was made to correlate 

the free amino compounds in rose leaves with resistance to powdery 

mildew caused by Sphaerotheca pannosa var. rosae. 

2. ß- alanine, tyrosine, pipecolic acid (position), and lysine were 

usually found in higher amounts in susceptible tissues (young 

leaves of susceptible varieties) than in resistant tissues (old 

leaves or leaves from resistant varieties). 

3. Cysteic acid was found in relatively high levels in resistant 

rose tissues. 

4. Tyrosine, (3- alanine, , pipecolic acid (position) lysine, valine- 

methionine, the leucines, and U2 were found in higher concentra- 

tions in the susceptible varieties, Nocturne and Poinsettia, than 

in the resistant varieties Pink Favorite and Sarabande. These 

same compounds were found in higher concentrations in young leaves 

from susceptible varieties than in old leaves of the same varieties. 

5. The levels of total soluble nitrogenous substances tend to be 

higher in susceptible than in resistant tissues. 

6. Healthy leaf tissue from all three susceptible varieties contained 

higher levels of total soluble nitrogen per gram of leaf tissue 

than diseased leaf tissue. 

7. Six of the same amino compounds, which decreased in concentration 

following mildew infection, were also found in lower levels in 

resistant tissues. 
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8, The metabolism involved in leaf aging in susceptible varieties 

differs from that in resistant varieties according to the changes 

in concentrations of amino compounds. 

9. It is suggested that the concentrations of amino compounds in leaf 

tissue affect host resistance through requirements of the rose 

mildew pathogen for these substances, or that the presence of the 

amino compounds may reflect the type of metabolism which occurs in 

resistant tissue. 
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Appendix Table 1. Qualitative analysis of extract of young healthy White Knight leaves
by an Amino Acid Analyzer.



Appendix Table 1. Qualitative analysis of extract of young healthy White Knight leaves
(continued) by an Amino Acid Analyzer.
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.Appendix Table 3. Qualitative analysis of extract of diseased White Knight leaves by an
Amino Acid Analyzer.

o



Appendix Table 3. Qualitative analysis of extract of diseased White Knight leaves by an
i£.PuQ£inued) Amino Acid Analyzer.
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Appendix Table 4. Qualitative analysis of extract of young Tropicana leaves by an Amino
(continued) Acid Anal>iaer.
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