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A Disorder o f  Rangpur Lime and Citron 

on Sweet Orange 

IN 1958 attention was called to a disorder of Rangpur lime (Citrur 
limonia) on sweet orange (C. sinensis) rootstock which preliminary 
investigations had suggested was caused by a bud-transmissible virus 
(1) .  I t  is the purpose of this paper to report further work on this dis- 
order, the results of which confirm the initial conclusion and indicate 
that the citron (C. medica) is also affected. 

Citron was included because of the disorder observed in Diamante 
citron on sweet orange in a rootstock planting made in 1955, which in- 
volved 5 other rootstocks. The other 5 rootstock combinations grew 
normally. 

Symptomatology 
The symptoms previously reported-pronounced dwarfing accom- 

panied by chlorotic and sparse foliage and early and heavy blossoming 
-have been confirmed for both fruits. To these can now be added an 
earlier and more specific symptom, namely, a marked repression of stem 
thickening of the rootstock in comparison with the scion (Fig. 1) .  Ana- 
tomical studies remain to be made. This symptom is more highly de- 
veloped in the nursery or lathhouse, where mean temperatures are lower 
than in the glasshouse. 
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FIGURE 1.  Rangpur D 4-24 on sweet orange 9 months after i n~cu la t i on .~A .  
Inoculated with C 26-1. B. Inoculated with D 4-24. Arrow points to graft union. 

Iethods and Materials 
The plants employed in the experiments herein reported were all 

propagated in the glasshouse by the rooted-cutting-graft method de- 
scribed by Halma ( 2 ) .  After rooting, the cuttings were transferred to 
gallon cans of soil and grown in the glasshouse for about 6 months 
before planting in permanent locations in the field where all readings 
were taken. 

I n  all cases, the original inoculation was effected by means of a twig 
graft made at the time of propagation. The inoculation graft was re- 



PROCEEDINGS of 

:s employ 

'OCK 
I..̂  ̂ - ._ .. .̂  

:dling trec 
nia. 

iculture u 

.ed were t 

" 
on the I 

ime clonc 
ingle of t . . - .  

.he follow 

. / - I - -  1.- 

. number 

moved by pruning after the plant had ucLulllc: well established in the 
field, and the new top was grown from a single sh~ ated 
scion. Where a secondary inoculation was requir shed 
by inserting 3 shield buds into the established sciot 

The clonc 

As ROOTST 
The Blac'K111drl ~ W W L  U I ~ I I U ~ :  I dlbu KIIVWII d b  mown). The parent tree 

is from a see rties at River- 
side, Calif01 

As SCIONS 
1. Old Rangpur 1 : C 26-1. was received 

from W. T. Sw he U.S. I iculture many 
years ago under the label Citrus limonza, lnc 

2. Presumably virus-free young Rangpur lime clone ti 26-1 seedlings 
derived by nucellar embryony in 1955. 

3. Old Rangpur lime clone D 4-24. The parent clone was received 
from W. T. Swingle under CPB number 105"" 

4. Diamante citron. The parent clo U.S. Depart- 
ment of Agriculture under P. I. n 

5. Fawcett citron. The parent clone ~ a l l l ~  UVLU LUC ".A. Department 
of Agr 

lrown Est 

The par 
Iepartme . - 

ne came 
umber 1C ---- L-...-. 

oot from 1 

ed it was 
1. 

:he inocul 
accompli 

ate prope 

ent clone 
nt of Agr 
lia. - 

1.91. 

from the 
12895. 
.̂ cL- T T  C 

imental  Results 
The experimental results to dat2 are given below. Briefly summarized 

they are as follows : 

J M E  RANGPUR I 
Experiment 1-1958 planczng 

a. Eight plants of old clone C 26-1 on sweet orange; all declined. 
b. Control: 14 plants of young clone C 26- 1 seedling on sweet orange; 

12 normal. 2 declined. This behavior necessitated the substitution 
. peri- of old 

ments. 
c. Ten p 

r clone D 

roung clo . .  .. 

1 4-24 for 

ne C 26- .. . 

, the cont 

1 seedling - -- 

.rol in thc 

; on swee - .  .. 

: 1959 ex 

:t orange . . with 
twig-graft lnoculatlon irom old clone ti 'Lb-1 ; b declined, 4. normal. 
Following reinoculation, the latter all declined. 

d. Eight plants of sweet orange on virus-infected old clone C 26-1 and 
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Nineteen plants of old clone C 26-1 on sweet orange (identical with 
Experiment l a )  ; 18 declined, 1 normal. The latter declined when 
reinoculated. 

b. Nine plants of old clone D 4-24 on sweet orange. All normal. 
c. Ten plants of virus-free D 4-24 on sweet orange with twig-graft 

inoculation from old clone C 26-1 (similar to Experiment lc)  ; 8 
declined, 2 normal. Both of the latter declined following reinocu- 
lation. 
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Experiment 5-1960 planting 
Thirty plants (2 each of 15 seedlings) of young clone C 26-1 seedling 

on sweet orange; 26 normal, 4 now showing the early symptoms of re- 
duced rootstock stem thickening. 

Citron 

Experiment 3-1958 planting 
a. Seven plants of Diamante citron on sweet orange; 2 declined, 5 

normal. 
b. Seven plants of Fawcett citron on sweet orange; 6 declined, 1 nor- 

mal. 
c. Six plants of young clone C 26-1 seedling on sweet orange with 

twig-graft inoculation from Diamante citron; 4 declined, 2 normal: 
Following reinoculation these latter two declined. 

d. Fourteen plants of young clone C 26-1 on sweet orange, not inocu- 
lated; 2 declined, 12 normal. 

Experiment 4-1959 planting 
a. Nine old clone D 4-24 on sweet orange, not inoculated; all normal. 
b. Six plants of virus-free D 4-24 on sweet orange with twig-graft 

inoculation from Diamante. All 6 normal. On reinoculation 3 de- 
clined and 3 remained normal. 

Experiment 6-1960 planting 
a. Eight rooted cuttings from the best normal Diamante tree in Ex- 

periment 4 and 10 from the worst declined tree in that experiment. 
All normal and no detectible difference between the two lots. 

b. Ten plants of the best normal Diamante (Experiment 3a) on sweet 
orange. All normal to date. 

c. Ten plants of the worst declined Diamante (Ex~eriment 3a) on 
sweet orange. Four already exhibit the early symptom of reduced 
rootstock stem thickening. Six appear normal thus far. 

Discussion 
It  will be noted that there is evidence of infection in the presumably 

virus-free young Rangpur lime clone C 26-1 seedlings, derived by nu- 
cellar embryony (14 per cent in Experiment l b  and 13 per cent in Ex- 
periment 5 ) .  This suggests the possibility of seed transmission from its 
virus-infected parent clone. For this reason, the experiment was re- 
peated, substituting Rangpur lime clone D 4-24, which had made normal 
growth on sweet orange for 25 years. 

Failure to transmit from virus-infected clones occurred in many of 
these experiments (3 with Rangpur lime and 5 with citron) and in one 
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(Experiment 4) transmission was not accomplished even on reinocula- 
tion. I t  will be noted, however, that the percentage of transmission was 
higher in Rangpur lime (60 to 95 per cent) than in the citron (29 to 86 
per cent) and much lower in Diamante (29 to 67 per cent) than in 
Fawcett (86 per cent in only one experiment). 

By way of comment on these findings, attention is directed to the fact 
that the twig-grafts employed for initial inoculation were taken from 
terminal shoots, which were younger and of smaller diameter than the - 

scions used for secondary inoculations. 
I t  will also be noted (Experiments Id and 6a) that this disorder is 

similar in some respects to tristeza in that it becomes effective only in 
combination with a susceptible rootstock. Rangpur lime clone C 26-1 
grows normally on sour orange rootstock and as rooted cuttings (1) .  
Sweet orange scions on infected C 26-1 rootstocks grow normally, as do 
also infected sweet orange cuttings. 

Additional work is in progress to check further the possibility of seed 
transmission in the apparently infected C 26-1 seedlings. There is, of 
course, always the possibility of other means of natural spread although 
no evidence of insect transmission has been observed in the plantings at 
Los Angeles. 

Summary and Conclusions 
A series of experiments conducted during the past three growing sea- 

sons (1958-60) has confirmed a preliminary report (1)  and supports 
the following conclusions : 

1. The existence of an apparently new virus disease of Rangpur lime 
(C. limonia) and citron (C. medica) on sweet orange is established. 

2. The effects of this virus require the presence of an infected scion 
of either Rangpur lime or citron on sweet orange rootstock. 

3. The reciprocal combinations are not affected. 
4. The virus affects neither Rangpur lime nor sweet orange alone. 
5. It apparently transmits more readily from Rangpur lime than from 

citron. 
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