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are homologous to Figs. 5 and 6 in 1951.

The Ponkan block, which was efficiently managed by the farmers group Yang / Musui,
clearly demonstrated that we used healthy nursery trees to plant  this trial, since there were not a
single affected tree in the control block, including the guard rows. After 4 years we found only 4
trees infected all in one guardrow (Fig. 8).

The Tankan block, which was entrusted to another group, was also properly managed but
exhibited a higher percentage of infection of control block and guard row trees (Fig. 7).

Fig. 7: Tankan Experimental block Fig. 8: Ponkan Experimental block
at the end of 1954 at the end of 1954

© Symptomless guard row trees.

® Naturally infected guard row trees
showing HLBD symptoms.

* Symptomless trees.

* Graft inoculated trees showing
advanced stage of HLBD symptoms.

Control trees naturally infected.

Fig. 9: Symptom expression in a
grove where experimental
transmission of HLBD was
attempted.

Conclusion:

Based on our inoculation trials we consider citrus Huanglungbin to be a graft transmissible
disease. The early symptoms of HLBD are distinct and cannot be mistaken with physiological
disorders. Natural spread of the disease exists, possibly transmitted by an insect vector, but the rate
was significantly lower compared to graft inoculation.



Part 3

NATURAL TRANSMISSION AND SPREAD OF HUANGLUNGBIN
(EPIDEMIOLOGY)

To assess natural transmission and spread of Huang Lung Bin (Yellow shoot), we decided
to: i) monitor the procedures implemented in selected nurseries and observe the history of citrus
plants delivered by these nurseries in experimental orchards, ii) check the "infectiousness" of the
disease itself following an accidental ingress of inoculum into citrus orchards.

Monitoring different origins of Nursery trees

Grafted trees:

Two different commercial nurseries were selected. One was located in Baojinyuan, Puning
county in Chaoshan Prefecture, a well known area, where Yellow shoot disease was prevalent.
The other nursery was selected in Hsiang Chu - Taiwan, a disease free area by then.

A group of 66 young trees was selected at random in each nursery. They included one year old
Tankan (Jiokan) and Ponkan mandarines, grafted on Citrus Sunki. Due to slightly different
nursery management, the trees of the former nursery were comparatively larger. But after being
established in our experimental farm, under different blocks and replicates, these trees recovered
well. Both lots of trees were healthy looking and delivered as presumably disease-free.

The trees were transported into the University affiliated farm in Kanle, a suburb of
Guangzhou. We divided them in 8 different plots, each containing 28 trees, half from Chaoshan
nursery and half from Hsiang Chu nursery.
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Fig. 10. History of Huanglungbin Yellow shoot Infection rate of two group s
of trees originated from two different nurseries affected by yellow shoot

disease irrespective of plot,

while for trees from Taiwan,

the figure did not exceed
20% infection. However, in January 1955, i.e. 6 years after the planting, both groups of trees,
regardless source of origin, were affected. The history of these two groups of trees is summarized in
Fig. 10.



These results can be interpreted as follows: the Chaoshan trees were most likely disease-
carriers, and provided the initial inoculum with greater infection of Ponkan than Tankan. Another
explanation would be that Chaoshan trees were more susceptible to the disease, compared to
Taiwanese trees. But such an interpretation is in contradiction with the fact that all Taiwanese
trees also became infected by 1955. In fact we observed an infection pattern starting from a small
group of Chaoshan trees with a gradual spread towards adjacent trees: this conforms with the usual
spread of an infectious disease. The influence of nursery techniques does not explain the difference
in susceptibility to Huang lung bin. Such a difference might only be taken into account if we
compare Ponkan versus Tankan, the latter exhibiting symptoms at a lower rate of incidence.

Citrus propagated by air-layering and farmers comments

The author also investigated several nurseries producing citrus trees by air-layering. For
instance in the county of Xinhui, a group of 50 air-layering saplings were observed after being
planted in an experimental fzgm. The young trees were obtained from partially infected trees, but the
nurserymen generally practiced the air-layering technique from the apparent healthy side of the
mother trees. Although most of them were symptomless when planted, these trees showed 84%
infection within 11 to 14 months. During the same period at the same farm, another group of similar
trees obtained from another nursery propagating apparently healthy mother trees became infected at
a rate of only 20%.

These kinds of observations were made several times in citrus orchards affiliated with the
South China Agricultural College.

During April 1954, we decided to make an enquiry near three well-known senior citrus
growers of Chaoan county MMr Zeng Lai Rong 76, Zheng Ren Xian 65, and Zeng Mu 60. The three
growers confirmed that the Yellow Shoot Disease was brought into their village via Xilin's
nursery trees. These farmers had noticed that a high percentage of trees became infected if they
originated from Xilin, where air layering was the traditional method of propagation. But conversely,
the trees originating from Riaoping nurseries exhibited much lower percentages of infection, where
budding from healthy mother trees was performed. It must be stressed that nurserymen operating
contaminated nurseries have greatly increased the spread of yellow shoot, not only within their
immediate vicinity, but also occasionally to areas long distances away. For instance, one hectare of
Jiokan mandarine planted in Fujian Province (250 km North of Chaoshan) was totally infected. This
grove was established with nursery trees imported from Chaoshan Prefecture.

We have seen in the first part of this document, that Chen Chi Bao (1943) made an extensive
survey between 1937 and 1941 of Huanglungbin in the Chaoshan Prefecture. He concluded that
pattern of spreads of "Yellow shoot disease” was different from that of an "ordinary disease”.
Further evidence of the infectious nature of the disease is given in the second part of the present
paper where we present the results of our experimental inoculations.

In order to confirm these results with additional field information, we initiated an extensive
survey in 6 villages in Puning county, 3 villages in Chaoan county, and two villages in Riaoping
county. These three counties are located in the Shantou citrus belt.

Various data were collected during this survey, which substantiated the infectious character
of the Yellow shoot disease. For instance, in some localities, we clearly observed a tree~to-tree
spreading pattern i.e. around an initial small disease area exhibiting severe symptoms, adjacent trees
were showing milder symptoms in relation to their distance with the main focus. This gradual
decreasing from one principal focus was not only observed within a given orchard, but also from one
orchard to another. Several examples of contaminated orchards infecting adjacent plantating were
found. One of the most striking examples was seen in 1949 in Puning county where 4 different farms
were planted with Jiokan mandarines, in 3 separated blocks of land, but connected by a narrow
bridges of trees. Within three years we observed the appearance of Yellow shoot disease in one






Part 4

GENERAL CONCLUSION

Our field observations and the results of our experimental work have clearly indicated that

i) The Yellow Shoot (HLB) Disease can appears in any kind of grove irrespective of its
location in lowlands or uplands, on light or heavy soils, in well drained or water
clogged areas.

ii) The disease has dramatically expanded in South East China over the last decade,
especially through infected planting material from contaminated nurseries.

iii) HLB is a graft transmissible infectious disease which is apparently not connected with
soil-borne debilitating problems such as water logging, Fusarium or nematodes.

iv) HLB exhibits a distinct symptomatogy on new shoots, which turn yellow and show
mottling with upright leaves. This typical symptomatology is shared by most citrus
cultivars/species: C. sinensis, C. tankan, C. ponkan, C. limonia, C. grandis ...

v) The disease is spreading naturally from original foci with the pattern of an
infectious disease. Generally the source of inoculum can be traced back to
contaminated nurseries which have not strictly propagated citrus material from healthy
mother trees.

There have been considerable discussions—conceming the exact origin of the Yellow Shoot
HLB Disease. Our inverted T grafting technique demonstrates that when budwood is taken from
infected trees it is easy to contaminate healthy challenged trees. Transmission is systemic, and is
much like that of a virus disease. :

We believed that several essential measures should be taken urgently to control the disease.
First, it is important to determine the location of disease-prevalent areas, especially in Guangdong,
Fujian, and Guangxi provinces. The survey should concentrate on young groves. Suspected
symptomless trees should be tested by graft inoculation of indicator plants, to check their actual
sanitary condition.

Thermotherapy could eventually be used as a treatment for contaminated budwood. For
instance, if a hot water treatment can eliminate the virus it would be of extreme aid to producing
disease-free material.

However, using healthy material is only one aspect of the control strategy which has to be
developed. Much information is needed on the natural spread of the disease especially if an insect-
vector is involved in transmission. Besides insect transmission, is there a possibility of mechanical,
seed, and even soil transmission?

An important measure for controlling this virus-like disease, is to select resistant varieties.
Such an approach should not be overlooked and should examine rootstocks and scions, separately or
in combination.

Early diagnosis is another important aspect. For instance a symptomless tree cannot be
detected presently although it carrys the disease. It is likely that adequate techniques such as
histology combined with biochemical reagents would provide reliable diagnostic procedures. Such
techniques would be important for investigating host range susceptibility as well as the different
biological avenues for disease spread.









