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THE EFFECT OF THE CEDAR RUST DISEASE ON 

SOME OF THE: NORMAL PROCESSES OF THE APPLE LEAF. 

Cedar rust is now one of the most serious apple 

diseases in Virginia , c using an annual loss of ~t least a half 

million dollars to the growers in this state. This is probably 

due to the more recent planting of susceptible varieties 0£ ap -

ple trees, and to the planting in close proximity to cedar 

thickets. 

The fungus is known as Gymnosporungium juniperi - vll' -

gini~nue, and lives as n ~lternating p~rasite on the red cedar 

and apple tree. The sporidi , produced from the teleuto or "win-

tering-over" spore of the cedar , are carried by the wind to the 

apple foliage. Aecidiospores or summer spores are produced upon 

the pple leaf , and in the late summer or fall arc ca.rri ed by the 

winds back to the cedar trees , where they infect the needles or 

axillary buds of the cedars , stimulating the leaves and buds to 

growth of enormous size. Whether the spores lie dormant until 

spring we do not know , and we do not see the galls or "cedar 

apples" until spring or mid-summer. rt takes about twenty-one 

months for a gall to develop if infection takes place in the 

fall . In the outer portions of the gall are produced the teleuto -

3pores , which germinate in the spring , bearing on a promycelium. 

the sporidta. 
Within the past six years the Department of Plant 

pathology of the Virginia Agriculturul Experiment Station has 



done gre t deal of work on the control of cedar rust of ap-

ples . The arch rdists of this state hGve been shown th t or-

chards over h lf mile from oed~r thickets are free from ser-

ious attacks , and th t the disease is controlled by three im-

portant factors : First , clim tic conditions. There must be 

sufficient moisture and suitable temperature to germinate the 

spores. uporidial discharge has been observed under field con-

ditions to have taken place in from six to eight hours after 

rain first began to fall. N. J. Giddings nd nthony Berg state 

that "forcible ejection of the sporidia has been observed and 

there is some evidence that an outer membrane or wall is rup-

tured at the base of the sporidium previous to the final act 

of discharge. very few sporidia are disch~rged below a te1~er-

. 0 ature of 50 . , even when the sari have been moistened for one 
0 or two hours in water at about 70 F . '' econd , the apple leaves 

must be young nd tender for infection to take lace , usually 

not over three weeks old ; this is "possibly due to thickening 

of the epidermis , or to the production of some chemical substan-

ces repellant to the infecting germ tubes" . Third , the apple 

trees must be of a susceptible variety , such as York Imperial , 

lorthern Spy , Rome (Be uty) , Jon.than , and Bonnm , while varieties 

l ike Winesap , rka.nsas (Ifornmo th Black Twig) , S tayman rfinesap , 

North 1estern reening , Gri~es (Golden) , and Yellow Newton (Al-

bemurle Pippin) , are immune. Most all uthorities on thls sub-

ject do not agree entirely in their lists of susceptible nd 
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resistant varieties; this is possibly due to the differences 

in climatic conditions. 

Several sprays have been recommended which have given 

excellent results. Summer strength lime-sulphur gives pro-

tection when applied early enough, and because of its adhes-

ive qualities and because it causes minimum spray injury , it 

is a favorite material to use. Copper sulphate added at the 

rate of two pounds to fifty gallons of the diluted lime- sul -

phur spray makes an excellent material to use, and is possibly 

the best spray which can be used to prevent infection of the 

sporidia. Bordeaux mixture is an excellent fungicide , but it 

has an injurious effect upon the leaves and fruit of some var-

ieties of apple trees. reat stress is laid upon the timeliness 

of the applications , which is , as soon as possible after the 

soft tendrils of the cedar galls appear and while the leaves of 

the ~pple trees re young and tender . 

The method most strongly emphasized and which seems to 

be the most practical and efficient is that of cutting down the 

cedars for a distance of a mile from the orchard site , and also 

destroying wild er bapple trees near the cedar thickets. The 

cedar law of rirginia was pussed and went into effect in 1914 . 

Splendid results have been obtained so far since this law has 

been in effect. Since 1913 the West Virginia Crop Pest Com-

mission has been doing very eood work in destroying cedars and 

has published an account of how an area of 1 , 113 acres was 

cleared at an expenditure of less than 48 cents per acre . 
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Within the last few years , experiments have been 

carried on at Middletown , Virginia, under the direction of Doctor 

Howards. Reed , to find out how the disease affected some of 

the normal functionings of the apple leaf. Transpiration and re-

spiration tests were made with both healthy and diseased leaves. 

These experiments had been run during the two 

previous summers before I came to Uiddletown to carry on the 

work laid out for me. 

The work consisted of running transpiration ex-

periments in the orchard , where the tests were made in both 

sunlight and darkness , and of respiration experiments conducted 

by two different me thods. 

Transpiration ilXperiments. 

Transpiration is the process of giving off water 

vapor from the stomata of plants. The function of transpiration 

is to transport the soluble plant foocl to the g:cowing ra.rts of 

the plant , to carry on photosynthesis and to keep the watery pro -

toplasm quite saturatea .• 

D . 
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The apparatus used in this experiment consisted 

of a stoppered U tube (A) filled with anhydrous calcium chlo-

ride, joined by a rubber tube to a bottle (B) fitted with a 

split rubber stopper; a twig with two leaves was inserted in 

the notched, split stopper, and two angle tubes were fitted in 

holes in the stopper; a rubber tube joined the bottle with another 

U tube (C) filled with caloium aril1ydrous chloride which in turn 

was oonneoted with a twenty liter aspirator. \Vb.en the experiment 

was to be run in darkness, the bottle fB) was inserted in~ 

special black box which excluded all light. 

Two such kinds of apparatus were run simultane-

ously under the same conditions. In bottle (B) were inserted 

two healthy leaves and in bottle (B!) two diseased leaves of 

nearly the same size as those in bottle (B). One test would 

run in sunlight for one hour, and another test would run in 

darkness for one hour. 

~he U tubes (C), (C'), (C' '), and (C'' ') were 

weighed and their weights recorded in the laboratory, before 

the trials. Then they were carried to the orchard and the 

apparatus assembled. The test was started by causing a flow 

of water out of the aspirator, which was so regulated as to 

empty in one hour. Air flowed through tube (A) which abscrbed 

all its moisture and passed into bottle (B) where it took up 
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the water given off by the leaves and passed over into tube (C) 

where it was collected. After the tests were finished , the 

tubes and leaves were taken back to the laboratory. The tubes 

were weighea and the amounts of water recorded. The area of 

the leaves was calculated with a planimeter , and the amount of 

water transpired per square centimeter of leaf per hour aeter-

mined. 

The ~ccompanying table shows , as did previous re-

sults, that in sunlight the healthy leaves transpired more than 

the diseased leaves , and that opposite results were obtained 

when the experiment was conducted in d~rkness . 

A tr nspiration test being made in a bacly infected 

orchard. Note the youn~ cedar directly under the ap~le tree. 
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Transpiration Experiment . 

Date: ueust 8 , 1914. 

Kind of leaves: York. 

Final weight of cac1
2 

tube, 

Initial " 11 " " 
Gain in grams of H

2
0 , 

Sxperiment began at 2 p. M. 
n ended " 3 p. M. 

Dura ti on, 1 hour. 

rea of leaves in sq_. cm., 

H20 transpired per 11 " per hour, 
(run in sunlight) , 

Table showing prams of water 

Date. Run in sunlight. 

July 22, 
23 
23 
24 
25 
25 
27 
30 
31 

Aug. 1 
3 
4 
5 
6 
8 

Average, 
Run in darkness. 

July 27 , 
30 , 
31 , 

ug. 1, 
3, 
4, 
5 , 
6, 
8, 

Average, 
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Di sea.sea. 

75.0921 

75.0000 

.0921 

41.66 

7.009 mg. 

transpired per 

Heal th;y. 

.0182 

.0070 

.0089 

.0087 

.0061 

.0056 

.0055 

.0048 

.0059 

.0083 

.00•3 

.0053 

.0065 

.0071 

.0098 

.00746 

.0046 

.0031 

.0041 

.0059 

.0016 

.0044 

.0043 

.0050 

.0081 

.00456 

sq. 

Healthz 

76.2810 

76.2450 

.OZ6 0 

36.63 

9.852 mg 

cm. per hi: 

Dise&sea • 

• 0047 
.0055 
.0061 
.0067 
.0046 
.0039 
.0069 
.0042 
.0053 
.0059 
.0049 
.0049 
.0049 
. 0074 
.0070 
.00552 

• oom 
.0041 
.0043 
.0062 
.0038 

.0043 

.0064 

.0070 

.0053'5' 



The above table shows that in sunlight the healthy 

leaves transpire more than the diseased leaves, and that in dark-

ness they transpire less than the diseased leaves, that transpir-

atioa varies with the light, and that the diseased leaves are 

nearly constant in their rate of transpiration whether in light 

or darkness. This last statement leadsone to believe that the 

fungus by some me ans renders the stoma ta of the leaves immovable 

and unresponsive to the stimulus of light. 

Respiration Experiments . 

Res:pir tion is the consllmmation of oxygen. "Plants 

are dependent on the union of oxygen with oxidizable substances 

in their tissues for the energy with which they do the work of 

assimilation, growth, and reproduction, - in other words , perform 

their life processes." 

The respiration experiments were carried on in tm 

laboratory in two different methods. 

Diseased and healthy leaves were collected each 

evening and taken to the laboratory where gram portions were 

weighed out for both tests. 

The Ganong apparatus consists of a graduated tube 

(A), to read in cubic meters , with a chamber on the upper end 
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fitted with a glass s t opper ; a rubber tube (B) c onnects the 

Ganong tube with a glass cylinder (C); the appratus is he la_ in 

place.by the clamps of the stand (D). One gram of leaf is 

placed. in the chamber ; a concentrated solution of potassium hy-

droxide is poured into the tube (C); tube (C) is then raised 

or lowered until the miniscus of the solution reads zero on the 

tube (A) ; then the stopper is fitted in place. Two such appar~ tus 

are used , one for healthy leaves and one for diseased le~ves , 

and both are placed side by side in a dark box. 

The air in the tubes is taken up by the leaves, oxidiz-

ing the starches and su~ars and givine off carbon dioxiae. While 

respiration continues , the potassium- hydroxide absorbs the carbon 

dioxide and flows up into the tube, so that at the end of the 

test , whi ch usually lasts fiften hours , the tV'io apparatus are 

read directly in c.c. of co2 .res pired on the graduated tubes. 

The accompanying table shows the results of twenty 

eight trials and confirms previous experiments , provinf, that the 

diseased le aves respire more than the heal thy leaves. 

Respiration Experiment. (Ganong) 

Date: July 17 , 1914 . 

Kind of leaves used: York. 

c.c. co2 respired, 

~xperiment began 16th, 11 A· M· 

" ended 1? th , 11 A· M· 
Duration, 
Wei~ht of leaves , 
c.c: CO resuired per ~ram of 

2 l~af per hour , 

24 hours. 

t 7ooF . • Tempera ure , . 
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Healthy 

8 .7 

2. 

.1812 

Diseased 

10.2 

2. 

.2125 



Table of results showing the c .c. of co given of.f per 
2 

gram of le~f per hour. 

D te Diseased He6-lth~ 

July 16 .0833 .0833 

17 .3269 .2884 

18 .5416 .4666 

19 .3229 .3541 

21 .2403 .1826 

21 .3750 .1250 

22 .5000 .5000 

22 .3437 .3541 

23 .3000 .2833 

23 .2291 .2291 

24 .2542 .2372 

25 .2333 .ZG66 

26 .2333 .2333 

27 .2333 .2000 

28 .126'0 .2968 

~o .2968 .3750 

30 . 2600 .2600 

31 .1000 .3333 

ug . 1 .3035 . 2857 
2 .1153 .1538 
3 .3333 .2833 
4 . 0333 .2166 
5 .3500 .3000 
6 .3833 .3000 
6 .3965 .3103 
8 .3888 .1666 
9 .3750 .0833 

10 .3750 .3125 

Average .2872 .2671 
The ratio of co2 reBrired by diseased leaves , counting the 

healthy leaves as 100, was 107.52. 
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The other respiration e~periment is that in which the 

carbon dioxide respired is collected in a standard solution of 

barium· hydroxide and later titrated against a standard solution 

of oxalic acid. 

The standard. solutions are ms.<1.e as follows: 

5.6325 grams of oxalic acid er liter of distilled 

ater eives such a strength that one cubic centimeter of th8 so-

lution is equivalent to one cubic centimeter of carbon dioxide. 

The solution, in which the carbon dioxide is collect-

ed , is made up of: 

6 .0 grams Ba (OH) 2 
0.3 It 

Distilled H20 to make 1000 cc. of the solution. 

The ap ~ratus usea consists of the pieces ~ . B, C, 

D,'E , F , G, o.nd H, all connected with air tight rubber tubing. 

P suction is produced by a flow of water from the 

twenty liter aspirator (H), the flow being so regul~tea by an 

adjusting screw as to empty the aspirator in twelve hours. 
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ir enters the wash bottle (A), passin~ through 

a concentrated solution of KOH , which ubsurbs practically all of 

the carbon clioxide of the air ; it enters the wash bottle (B ) , con-

taining a concentrated solution of .Sc. (OH ) which removes all 
2 

traces of carbon dioxiae ; the carbon dioxide free air enters 

U tube (C) in which one gram of healthy leaves is placea ; respir-

ation is goint: on and the carbon dioxide given off passes into 

the bottle (D), which contains the stand~rd basic so lution; the 

air , practically freed of carbon dioxide , flows into the wash 

bottle (~ ), which removes all traces o~ carbon dioxide ; it then 

flows throu:h the U tube (F ), which contains one gram of diseased 

leaves ; carbon dioxide is bein£: given off by the leaves ana is 

collected in the standard basic solution in the bottle (G). 

Thes e tests were run in a dark closet for twelve 

hours each . 

Thirty cubic centimeters of the basic solu tj on 

were :put in each wash bottle and ti tra tea with the s tanae.rd ox~lic 

acid solution in the rresence of a phenothalein indicator. This 

was done every few days to see th~t the sol utions were kept con-

stant. 
Example: 30 c.c. lk. = 12.9 c .c. acid . 

The results of this experiment also showed that 

res~iration was considerably ereater in the diseased leaves thun 

in the healthy leaves. 
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Respiration DXperiment No . 2 . 

Healthy Diseased 

Date : July 25 , 1914. 

Kind of.leaves used : York. 

c.c. Ox~lic acid in terms of Ba(OH) at 
beginning , - & - ... - 12.5 12.5 cc. 

c .c. Oxalic acid in terms of Ba(OH) 2 at encl, 5.9 5 . 5 

c.c. co res pi rea_, 6.6 7.0 
2 

Experiment began t 7. p. M. 

" ended at 7. A· M. 

Duration , 12 hours. 

7Teieh t of leaves , 2. grams . 2. grums. 

c.J. co2 respired per ~ram of leaf per hour , . 2750 .2916. 

D1:2.te 

July 18, 
20 
21 
22 
23 
24 
25 
27 
30 
31 

Aug . 1 
3 
4 
5 
6 
7 
8 
.Average , 

Table of results showing the c.c. of co2 
res pi reel per gram of leaf 0er hour . 

He3-l thy 

.2666 

.2833 

.2508 

.2291 

.2541 

.2125 

.2,50 

.0666 

.1250 

.1958 

.1083 

.1416 

.2041 

.1333 

.1041 

.3000 

.3083 

Diseased 

.2034 

.3083 

. ?S20P 

.3083 
~2916 
• 36€6 
.2708 
.2916 
.1541. 
.1875 
. 2208 
.2000 
.2125 
.2750 
.1625 
.1583 
. 3500 
.3833 
.2624-

The ratio of co2 respired by diseased leaves , assuming the 
heal thy leaves as 100, is 129. 00. This shows hov• much more 
uickly the diseased leaves exhaust their food material avail-

able for respi ratj_ on than do the heal thy le av es. 
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On J,.ugust tenth , it w s noticeable the way the 

leaves began to fall, so "leaf counts 11 were made to show the 

percent of premature falling due to cedar rust on York Imperi 1 

trees. Counts were made in the Larrick & Larrick orchard , 

where the trees were in~ vigorous condition , quite free from 

cedar rust, and in the Cox orchard, where the trees were 

badly infected with the disease. Ten trees were selected in 

each orchard, and "" branch, characteristic of the condition of 

the whole tree , was selected ana_ marked with a cloth. The 

number of le~ves on these branches were counted at intervals 

to determine ·the amount of falling. 

The result showed that the disease weakened and 

matured the leaves before their normal ti 1!.e, and that the per-

cent of falliTh2 was very much greater in favor of the ~ise~sed 

leaves. 

Table of Le~f Counts. 

Larrick & Larrick Orchard. Cox Orchard. 
Aug. 10 , 1914. ~ug. 14, 1914. ug. 10, l914. Aug. 14, '1.4 

190 190 67 56 
140 127 96 93 

88 81 126 118 
189 182 100 87 
147 141 240 201 

89 89 429 420 
139 131 69 61 
142 138 170 154 
166 157 160 124 
146 145 385 375 

1436 1381 1842 1689 

3.83% fell 8.30% fell 
Di ff er enc e in favor of disease a , 4.71% 
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Aug. 14 - 17. Aug. 14 - 17 • 

5.21% fell. • 5% fell. 

Difference in favor of diseaseo , 4.71%. 

Aug. 17 - 23. 

4 . 80% fell. 

.Aug. 17 - 23. 

4.30% fell . 

Difference in favor of healthy, .5% . 
Rainea August 21st. 

AU["· 23 - 26. 

3.21~0 fP.11. 

(First rain since nay 4th}. 

Aug:. 23 - 26. 
~' 

2.54% fell. 

Difference in favor of healthy , .67%. 

, ug. 2 6 - Sept • 3 ~ Aug • 2 6 - S e:p t. 3. 

2.05% fell. 1.40% fell. 

Difference in favor of healthy, .65~. 

Sept. 3 - 13. 

1.69% fell. 

3ept. 3 - 13. 

4.0'{b fell. 

Difference in favor of diseased , 2.31/S. 

Sept. 13 - 23. 

6 .66% fell. 

Sept. li3 - 23. 

9.99% fell. 

Di ff er enc e in favor of di seas e ,l , 3. 24% . 

Sept. ?.3 - Oct . 13. 

2.s1 % fell. 

Jept. 23 - Oct.13. 

13.35Jb fell. 

Difference in favor of diseasei , 10.54%. 

The toto.l falling of leaves from ..1:..ugust 10th to Oc tobcr 3rd 

was 25. 55% for the he al thy trees , and 49. 09% for the di seas ea 

trees. 
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These e~pcriments have proved conclusively the 

effect of cedar rust on the normal processes of the apple 

leaf. The oisease1 leaves use more oxygen ~nd give off more 

carbon dioxide than the healthy leaves . and at the same time 

leso starch and sugar is made than in the healthy leaves. 

When transpiration is reducea_. the food sup:ply - the soluble 

plant food - is accordingly reduced. The difficulty of ais -

eased trees N. not being able to get sufficient food through-

insufficient transpOl!tation , by water , may be overcome by 

either of two methods - (1) irrip,ation or (2) fertilization, 

with neutral or slightly acid fertilizers , manure being an 

excellent material to use. 

The first and most important method of cedar rust 

control is to cut the cedars for a distance of at least a 

half mile from the orch&rd. Second in importance is by ti1 ely 

sprayings, ana third. is by feeding the trees. In order 

that cedar rust control is to be realized , cooperation in a 

community is essential. tt Team work" is necessary in all lines 

of work and the orchardist should not forget this fact. 
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