
Anatomical Studies 

On Black str ip e  in Hevea B ra silien s is .

BY

Wu J i l in ,  Kao Bingzhong Zhang Kaiming Huang Qingchun 

(South China Academy o f  Tropicals Crops).

Abstract

In th is  paper preliminary observations have been made on 

the process o f  in fection  from the pathogens o f  black str ip e  and 

on the responses o f  Hevea b ra s ilie n s is . It was found that when 

the black s tr ip e  pathogen penetrates the bark., the parenchymous 

c e l ls  around the in fected  tissue gradually become brownish and 

f in a lly  form a dark brown layer which we c a l l  as "browning layer". 

The formation o f  the "browning la yer", observed in the f ie ld ,  is  

the precu liar ch a ra cter istic  o f the slowly spreading spot. At the 

same time i t  was also found that the hyphae ex is t only on the 

.tissue surrounded by the "browning layer" and not on the "browning 

la yer". It is  thus suggested that the "browning layer" can prevent 

the in fection  from further spread.

We have already proved that the use o f  ethylene has higher 

resistance e ffe c t  on the bark o f Hevea b ra s ilie n s is  tree towards 

black str ip e (2  , This has opened a new path to  control black 

s tr ip e . For development o f tech n ica l methodology and excellent 

use o f  ethylene to  control black s tr ip e , i t  is  essen tia l to  find  

clear mechanisms o f  the use o f  ethylene to  increase the resistance 

o f the bark o f  Hevea b ra s ilie n s is , o f course, under normal condi­

tions ( i . e .  without the use o f  ethylene), and i t  is  the basis o f 

the study o f  the resistance o f  Hevea B rasilensis towards black 

s tr ip e . T i l l  today p eop le 's  understanding o f the resistance 

mechanism o f Hevea bra silen sis  is  very small^^’ ^^  ̂ moreover 

an alytica l studies o f  black s tr ip s  have s t i l l  not been reported.



Therefore, starting from the test diagram on the process of 

infection of black stripe pathogen on Hevea brasiliensis and the 

anatomical observations of the reaction of the Hevea brasiliensis 

toward the infection, we investigate the problem of resistance 

of Hevea brasiliensis.

Materials and Methods

Hevea brasiliensis: The experimental tree isx the tree* r
grown in this Institute 's  experimental farm and clone PB.86 

Pathogen: The pathogen used in this experiment is the 

black stripe (Nada) No .l (Phytophthora s p .)  separated from the 

diseased Hevea brasiliensis grown in our Institute.

Inoculation: The application of Black stripe material 

is achieved by artificial inoculation method. Secant inoculation 

method has been taken from reference ( 2 ) .  Secant inoculation 

at higher outer portion has been taken from reference (4 ) ,

Culture is mycelium or zoospores and preparation method is from 

reference ( 2 ) .

Method of observing the zoospores entering the section of 

the bark: By using punching machine take out a piece from the 

bark and on the microtome cutout sections with thickness of 

90 microns. The width of the section is about 0 .5  centimeter. Plac 

it immediately on a glass slide and add 0 .1  ml of liquid contain­

ing zoospores. Wait for sometime (normally 1-2 hours). The zoo­

spores multiply on the section of the bark, moreover start 

germinating. At this time add cotton blue, lactic acid phenol 

to stain and put the cover slide. Observe it under the microscope 

the condition of the zoospores germinating and penetrating the 

section of the bark.



Paraffin section: Fixative is formaline glacial acetic 

acid -50% alcohol ( 6 .2 :2 .5 :5 0 ) .  At this time the infected 

tissue turns brown (Browning) and it may retain. Stain the section 

using cotton blue lactic acid phenol or Copperes Halmatoxyline.

Determination of viability  (vitality ) of Cells: Using 

2,3,5-triphenyl tetrazolium chloride reduction reaction (3) 

determine the viability  of infected cells. In the normal living 

cells one can see quite a few stained bright red mitochondria 

but in dead or nearly dead cells these are not seen or are very 

few.

Results

1. Process of pathogen infection:

Germination of zoospores and multiplication on the tree 

bark: Using the method of bark section, observed the condition of 

the black stripe zoospores entering the bark tissue. We know that 

zoospores of black stripe enter through the wound opening in the 

bark^'^), therefore using freshly cut section and inoculating with 

zoospores one can very easily see how zoospores enter the b a r k Q  

tissue. Soon after the inoculation of the bark section by zoo­

spores, the zoospores immediately stop activity and become round. 

In 1-2 hours, at 28-32°C temperature spores germinate and form 

germ tubes (Plate 1 .1 ) ,  The gern tubes of all the spores near the 

section of the bark grow facing towards the tissue of the bark. 

After 3-4 hours germ tubes grow 0.15- 0.25 mm long and at the same 

time the whole protoplasm in the spores moves to the g em  tubes. 

The germ tube directly penetrates the outer surface of the injured 

cells or penetrates the gaps between the cells.



The zoospores have clearly different response to the bark 

tissue at different positions. This shows that zoospores multiply 

in large numbers on the sieve tube while multiplication of 

zoospores on the outer surface of the bark is clearly comparative­

ly less. (Plate I.)-

Growth of hyphae in the tissue of the bark;

The growth of hyphae of the pathogen in different positions 

and tissues of the bark has its own peculiarities.

In the granular bark and yellow bark (^ ), hyphae clearly 

develop in between the cells (Plate 1 ,2- 5), only under very few 

conditions one can see hyphae penetrating the cells. Sometimes 

one can see hyphae in the cells forming various forms of sucking 

organs, (Plate 1 ,3 ) .  At the time of infection hyphae in the rays 

are clearly more as compared to the hyphae in the parenchymous 

cells in between the rays. At the same time, on the horizontal 

section of the b a r ^ ,  one can easily see hyphae developing along 

the rays from outer surface of the bark directly towards inside. 

(Plate 1 1 ,1 ) .  Therefore we see that rays are comparatively suit­

able for the hyphae growth. Observations prove that at the 

begning of the infection, hyphae develop just along the rays swif 

ly towards inside the bark.

In the water pocketed bark, hyphae growth is very good. 

Moreover development is comparatively fast. We know that the main 

structural part of the water pocketed bark(although has conductiv 

basU ) is sieve tube(^). In this the hyphae penetrate the sieve 

tube: In the sieve tube they form branches (Plate 1 ,6 )  or form 

many sucking organs (Plate 1 ,7 ) .  moreover can penetrate the sieve 

plate and grow (Plate 1 ,8 ) .  Comparing the plate 1,6-8 with 2 , 

one can see that these hyphae are much more as compared to the



hyphae of the infection, at the begning, in the outside layer of 

the bark. The development of hyphae in the water pocketed bark is 

also clearly faster than in the outer layer of the bark. After 

3-4 ^days of inoculation of the bark one can see the formation 

of a big inside and small outside infection spot. Hyphae in 

the sieve tube spread fast and the growth is also faster as 

compared to the lateral spread. Therefore this forms a character­

istic  clear long shuttle shaped infection spot at the inner layer 

of the bark. These facts prove that the sieve tube layer is 

particularly helpful in the growth of hyphae.

Hyphae also pierce through the formed layer and enter the 

young xylenf).

2. Response of the bark towards infection;

Death of the infected cells:

After the black stripe pathogen enters the tissue of the 

bark, the cells slowly die at the location of hyphae growth. When 

2 ,3 ,5  triphenyl tetrazoliiom chloride reagent is added, one can 

not see the stained red coloured mitochondria in the cells having 

infection. Following this the protoplast of these cells dissociat­

es and therefore, become light coloured. (Plate 1 1 ,2 ) , At the time 

of the begning of the formation of a Ivaap of the infection spot, 

the infected cells of the bark are already dead. (Plate 1 1 ,1 ,2 ) .  

With this, at the same time, the hyphae continuously spread and 

surround the living cells. These cells similarly go on dying. As 

a result the infection spot grows bigger uninteruptedly.

Formation of browning layer:

At the location of hyphae spread the cells of the bark die 

at the same time. The parenchymous tissue cells near these cells



slowly turn brown (Browning). At the time of hyphae begning to pen 

trate the bark tissue, the cells that receive infections immediate 

ly start forming a few brownish cells. (Plate 1 1 ,1 ) . But following 

the growth of hyphae, these originally brownish cells die at 

the locations of hyphae spread and moreover loose the brownish 

colour. At the same time new brownish cells formation takes place 

nearby. Following this the spot increases. As the region of 

disease spot widens more and more all around, more and more dense 

brownish cells are formed. Also the colour of the brownish cells 

changes from light brown to dark brown. Finally these brownish cel 

form a dark brown layer visible to the naked eyes, around the 

spot and we call this as the "Browning layer". (Plate II ,2 ;P la t e

1 1 1 ,2 ,3 )  and precisely this layer is commonly called as "Chronic 

development of disease spot". The browning layer is commonly

0.5- 1.5 mm wide. Almost all parenchymous cells in this region turn 

brownish. Cells of the browning layer are live cells and have a 

large central vacoule, the inner contents have tennin material, 

nuclei are distributed on the periphery and have disintegrated 

energy. (Plate I I I ,  4 .D ) .

We have, particularly, paid attention to the relation of th 

growth of hyphae with the browning of the cells. At the time when 

browning layer is st ill  not formed, although one can see hyphae, 

sometime, penetrating on the side of the brownish cells (Plate

1 ,4 )  but one can not see the hyphae forming the sucking organs in 

the brownish cells or piercing the brownish cells. After the 

brownish layer is formed, one cannot find the growth of hyphae 

in this. That is to say the hyphae confine their growth in the 

cells surrounding the browning layer.

Healing of the disease spot:



In about 10-15 days of the formation of the browning layer 

of the disease spot, the cells in the browning layer (mainly rays 

of pa^enchymous cells) restore partial activity (Plate 1 1 1 ,4 ) , 

restore injured tissue, and afterwards form new periderm. The 

diseased dead tissue separates from the healthy tissue and thus 

the injured surface of the bark is recovered. Afterwards the 

whole wound is also gradually covered by newly formed bark. This 

is , at no time, the result of the growth of the recovered tissue 

produced by the injured layer. This condition and the recovery 

of the injured bark (6 )  are similar.

Discussion:

According to the preliminary investigations towards the 

process of infection by black stripe and the response of the 

bark towards the pathogen it was found that, the formation of 

the browning layer is of direct significance, particularly when 

considering the resistance of Hevea brasiliensis. The two 

experiments already described are very important: ( 1 ) .  After 

the formation of the browning layer the growth of hyphae is 

only restricted to the tissue surrounding the browning layer:

(2) The formation of the browning layer is characteristic of the 

chronic development of ths disease as observed in the field. 

According to these experiment we assume that after Hevea brasilier 

sis receives infection the formation of the browning layer can 

play a role in the retardation of the effect of continued 

spreading of the infection.

The browning of the tissue in the diseased plants is a 

general phenomenon. Its main result is the accumulation of the 

phenolic compounds ( 8 ) .  We already know that phenolic compounds 

play a role in plant resistance and afterwards again discovered

the relationship between metabolism of phenolic compounds with



plant protection ( I I ) .  In case of Black stripe of Hevea brasiliei 

sis some people also pointout the relationship between phenolic 

compounds and disease resistance^^^^^^ and moreover point out tha 

black stripe pathogen in the tissue of Hevea brasiliensis (fruit 

or tree bark) can possibly lead to the formation of plant 

protective material ( 9 ) .  These data are in consonance with the 

hypothesis that brovraing layer plays ^  role in the resistance 

of the Hevea brassiliensis towards the Black stripe pathogen.

Another important point with the relation of Hevea 

brasiliensis resistance towards Black stripe is that sieve tube 

has special advantage for the growth of mycellium. This agrees 

with the facts investigated in the field  that the inner layer 

of the bark is easily infected^^\  This is the basis of suitably 

reducing the cutting depths for latex which has definite 

protective effect^^\
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1, Zoospores, 2 , Coarse skin 3 . Emei^y skin. 4 Yellow skin.

5. Water pocketed skin.

6. F ig .l  Diagram showing the condition of multiplying zoospores

of black stripe pathogen on the ^ d g e  of the tree bark.

7. Using section method observed a number of multiplying

zoospores at different locations of the bark tissue. 

(Average numbers taken from 10 sections of the bark).
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#  ^  3 t  S i t

#
C1 }  1980: M f ^ « * ® K f ? & ( ± .

I t ) .  M t B « .  4 4 K .
( 2  3 & m >  # ^ # .  1982: Z!.*J& «?& ^iftg3^& ^fflfBim  » f ^ ® l # } R .  3 ( 1 ) :  4 9 -5 4 .

 ̂3 3 mmmm: i29-u6K,
C43 nBtm. mi: M2:.ss6wa®EesM$^^j5^atMBtif^^. »i^#)^ja , z-

( 2 ) : 5 3 -5 6 .

C 6 3  5 ? ? £ .  i980: 2 2 ( 3 ) : 229- 231.

( 6 ) Browof C .L . f  1971: Secondary Erowth. la Zimiaermaa> M. H . aad C.L.Brovn(eda) * Tree Structure and 
Function” . Sprioger-Verlag, New York, Heidelbergj Berlin. 109.

( 7 ) PerieSi O.S.« 1975: Factors affecting infection of Hevea bark b f  Phytoplitliora species iritli special 

reference to disease control. In “Proc.Inter.Rub.Conf.l975*t V.3f  199—212.

( 8 )  Rubbin>B.A.and ArtsikhovskajatE.V., 19S4: Biochemistry of pathological darkening of plant tissues.

Ann.Rev,phytopathology 2,  167—168.

( 9 3 SatchuthananthaTalei R. and SatchuthananthaTale> V . > 1970: Review of thê  plant pathology department. 
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Abstract ^

A prelimiflary obserTation vas made os  the process o f  iofectxoa from tbe patbogea 
o f  black stripe aad oa tbe respoases o f  Hevea brasilieasis. It -was found that when the 
pathogen penetrates the bark, the pareflchymous cells around the infected tissues gradu- 
allj* become brownish and fin a llj form a dark brown layer called **browning layer". The 
formation o f browning layer is considered the very characteristic o f the slowly sprea* 
ding spot observed in the field. It was also found that hyphae exist only on the tissues 
surrounded by the browning layer but not on the browning layer. It is therefore suggested 
that the browning layer may serve to prevent the infection from further spread.


