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Response to zinc on growth and incidence of powdery mildew 
disease in RRIM 600 clone of Hevea in nursery

K e yw o rd s:  C h e la te d  z in c , le a f , p o w d e ry  m ild ew . R R IM  6 0 0 . so il , z in c  su lp h a te

Pow dery m ildew  disease o f  rubber trees (Hcveci 
brasiliensis  M ueil. A rg .), caused  by O idium  heveae  
Steinm ., is know n to  be very  severe  ai the tim e o f  
refo liation  a fte r  w in term g  in north  east R egion  and 
northern part o f  W est Bengal (Mondaic?/^/., 1994; 1998). 
Repeated defoliation followed by die-back o f  the branch 
tips occurs throughout February to M ay in this region, 
resulting in a  poor canopy for ihe rem ainder o f  the season 
(Mondal e ta l .  1998). M oreover, this disease w as found 
to causc a crop loss o f  13.5 to 28.5%  in Kanyakum ari 
district o fT am il N adu (Jacob et a!.. 1992) and northern 
part o f  Wet B engal (M ondal and Jacob, 2002). The 
co n tro l o f  p o w d e ry  m ild ew  d ise a se  b y  d u su n g  o f  
agricultural grade sulphur pow der is ihe standard practice 
adopted in m ature  rubber plantation. There arc some 
reports which indicate a striking relationship between 
susceptibility to severe attack by 0 . heveae and zinc status 
o f  the plant (B olle-Jones and H ilton, 1956; Bollc-Jones, 
1957; R ubber R esearch  In stitu te  o f  M alaya, 1956). 
Therefore, the present investigation was undertaken to 
evaluate the effect o f  zinc on the growth and incidence 
o f  powdery m ildew  d isease o f  W<.1M 600 c lone oU levca  
in nursery.

T he ex p erim en l w as co n d u cted  in nursery  at 
Regional Experim ent Station (RHS), N agrakata undcrthe 
agro-clim alic conditions o f  northern part ol West Bengal 
for two consecutive years, 1999-2001. Nine m onths old 
poly bag plants o f  RRI.M 600 d o n e  o f  ficvea  o f  unifonn 
growth w ere planted at a spacing o f  1 m x 1 m in nursery 
during July, 1999 with a gross 25 plants and net 9 plants 
p er p lot. In th is field  tria l a ltoge ther ten  treatm ents 
including untreated control were iinposed in a factorial 
random ised b lock  design  w ith three rep lications per 
treatm ent. Two form ulations o f  Z inc (Chelated zinc in 
the product o f  C hclazin liquid and Zinc Sulphate) was 
applied as foliar spray and also in soil near root base for 
three rounds during October to December and agricultural 
grade sulphate pow der (85% ) w as dusted during Januaiy

to March at m onthly interval in different experimental 
plots. The details o f  treatment are : T lS l  (Untreated 
control : without zmc and sulphur), T1S2 (Dusted with 
sulphur only), T2S1 (Chelated zinc: 12% Zn-HDTA: 5 
m l/litre o f  water as foliar application and no dusting o f 
sulphur), T2S2 (Chelated zinc: 5 ml/litre o f  water as foliar 
spray and dusting o f  sulphur), T3S1 (Chelated zinc: 7.5 
m l/litre o f  water in soil application near root base and 
no dusting o f  sulphur),'1'3S2 (Chelated zinc: 7.5 ml/litre 
o f  w ater in soil near root base and dusting o f sulphur), 
T4S1 (/.inc sulphate: Trasco Zinc Active 21%: 2 g/liirc 
o f  water as foliar application and no dusting o f sulphur), 
T4S2 (Zinc sulphate: 2 g/litre o f  water as foliar spray 
and dusting o f  sulphur), T5S1 (Zinc sulphaie : 3 g/litre 
o f  water in soil application near root base and no dusting 
o f  sulphur) and T5S2 (Zinc sulphate: 3 g/litrc o f  water 
in soil appl ication near root base and dusting o f  sulphur). 
Spraying o f  zinc on leaf surface was carried out using a 
hand com pression sprayer and screens were used to 
prevent drift. Before imposing treatments and during July 
every year, the height (cm) and the diam eter (cm) o f  the 
experimental phmls al the collar region were recorded 
from 9 sample p lants from the inner rows o f e<ich plot as 
per Potty et a l  (1976). The pro- and posl-trcatment soil 
sam ples were collected from each o f  ihc expcrimenlal 
plots and analyzed for available N, P and K following 
th e  s ta n d a rd  a n a ly t ic a l  p ro c e d u re  o u tlin e d  by 
K arthikakuttyanim a (1989). The pre- and post-treatment 
lea f  sam ples w ere a lso  co llccted  from  each o f  the 
expcrimenlal plots and analyzed for Zn, X, P and K. 
N itrogen content was detennined by the micro Kjcldahl 
m ethod; P and K contents follow ing the m ethod as 
described by Jackson (1973) and available zinc in soil 
and zinc contenl in lea f  was d e ten n in ed  by DTPA 
extraction m eihod o f  Lindsy andN orvell (1978).

I he incidence o f  powdery mildew disease was 
assessed in nine plants from the inner rows o f  each plot 
during April afte r the final round o f  a ll treatm ents.



D .seasc  severity  was scored from  five p lan ts having 
im m ature top whorl o f  leaves, selected at random  from 
each  p lo t. F o r a v isual scoring  and c lassifica tion  o f  
seven ty , a scalc  o f  1-5 was used w here 1 = 0%  (no

m rect.on), 2 = l  - 15%, 3 =16 - 30% , 4 = 31 - 5 0 % and 5 
51 /o le a f  area m fccted. For estim ation o f  severity

(S), the  sum  o f  infection grades o f  each  sam ple was 
d iv ided  by  the total num ber observed, w hich included 
both m fcctcd and non-m fected leaves (Sam aradeew a «  
a/., 1985). D isease  incidence  (1) w as ca lcu latcd  by 
d ividing the num ber o f  diseased plants (irrespective o f  
grade o f  disease) by  the total num ber o f  p lan ts observed 
and expressed as percentage. T he data w ere subjected to 
analysis o f  variance (A.XOVA) and the treatm ent m eans 
w ere com pared LSD  (P = 0.05).

The m axim um  grow th o f  R R IM  600 in tenns o f  
height (154.2 cm ) and d iam eter (0.91 cm ) was noticed 
m  T 2S2 (Table 1) follow ed by T 2 S 1 (139.9 cm  and 0.89 
cm ), T3S2 (135.9 cm  and 0.81 cm ) w ith the m inim um  in 
T 5 S 1 (84.7 cm  and 0.49 cm). The grow th  o f  RRIM  600 
m  untreated control plot ( T lS l)  was adversely affected 
(73.4 cm  and 0.47 cm ) due to the high incidence and 
seven ty  o fp o w d ery  m ildew disease. The percent growth 
increase in term s o f  height and diam eter over control 
(Table 2) w as the h ighest in T2S2 (110.2 and 116 2)

followed by  T2S1 (90 .8and  112.3), T3S2 (85.2 and 90.8),
T3S1 (62.9 and 98.5) w ith the m inim um  in T5S1 (20.0 
and 17.5), It is ev ident from the data p resented  in Table
2 that the app lica tion  o f  chela ted  zinc in both  ways 
significantly  im proved the growth o f  R R IM  600 clone 
o f  H evea  over control. Ohki (1976) reported  that the 
reduction in grow th is the overall effect o f  deficiency o f  
available z inc and this m ay be related to the m ajor effect 
o f  zinc deficiency on inhibition o f  chlorophyll synthesis. 
The beneficial effect o f  added zinc chelate on the growth 
o f  H evea  seedlings in n u rsery  was a lso  rep o n ed  by 
M ondal et al. (2002). T he positive  e ffect o f  zinc on 
grow th o f  plants m ay be due to the facts that zinc favours

the enzyme carbonic anhydrase activity, auxin and protein 
synthesis directly  o r  indirectly (Dell and W ilson 1985- 
S h a ran g ir tn /,, 2002; S h a rm a e (a /., 1 9 9 9 ) .

The incidence and severity o f  pow dery mildew 
d isease  assessed  in d iffe ren t experim en ta l plo ts arc 
p resen ted  in T able  I . T he resu lts  rev c laed  that the 
experim ental plots w ith treatm ent T2S2 was the most 
effective in reducing the d isease incidence from 100.0 
(T 1 S 1) to 7.5%  and the disease severity from 3 9 (T1S1) 
to 0.7 followed by T2S1 (22.3%  and 0.9), T3S2 (26»/„ 
and 0.9) with the m inim um  In T5S1 (90.8%  and 2 8)° 
The data on the percent d isease reduction over control 
with respcet to the incidence and severity  o f  powdery 
m ildew  disease in different expcrimefflal plots arc shown 
m  Table 2. fh e  percent d isease reduction over untreated 
control ( T lS l)  was the highest in T2S2 (92.6) followed 

(74.0) with the m inimum  in T5S1 
(9.2). T hough the incidence and severity  o f  powdery 
m ildew  disease was reduced signifieam ly in T2S1 and 
T4S2, neither was effective as treatm ent T2S2, ' n s  1 and 
T3S2 (Tabic 1), A pplication  o f  chclated  z inc during 
O ctober to D ecem ber at doses 5 and 7.5 ml/1 water 
red u ced  the  m eid en cc  o f  p o w d ery  m ildew  disease 
significantly  in the subsequent seasons. Sim ilar results 
w ere also reponed by M ondal et a l  (2002) under the 
agroclim atic conditions o f  Assam. Thus it appears that 
z inc deficiency predisposes the p lants to infection by 0  
heveae. Welch e , al. (1982) reported that zinc deficient 
p lan ts lost the m em brane integrity, w hich stimulates 
th e  leak ag e  o f  so lu b le  o rg an ic  su b s tra te s  in to  the 
environm ent, w h ich  m ay attract the inoculum  o f  O. 
heveae  and also aid in the invasion process on immature 
leaves. A ccording  to B olle-Jones and H ilton (1956) 
w ithout a sufficiency o f  zinc, the rubber plant is unable 
to produce enough o f  a certain m etabolite which offers 
som e degree o f  resistance to Oidinm. Prasad (1979) 
reported that zinc confcired a form o f  tolerance to disease 
rather than resistance. Beneficial effccts o f  added zinc
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T ab I , 1. I „ n a .n c e  . f  zt„o on g n .„ , | , .  , „ c id . . c .  ,n d  o f  p „ v d , „  in RRt.M 6 0 . d o n ,  o f / / . ™  in n . r s e „ .  (.Mean a f  2 , c . „ )

T reatm ents Disease severity 
Level o f  M ean
su lphu r o fz in c

SI S2

Level of 

su lphu r 
SI S2

T1 100.0 42.6 71.3
T2 (5ml/lit. water) 22.3 7.5 14.9
T3 (7.5 ml/lit. water) 44.5 26.0 35.2
T4 (2g/lit.watcr) 77,8 33.4 55.6
T5 (3g/lit. water) 90.8 37.0 63.9
Mean o f  sulphur 67.0 29.3

Zn S ZnxS
CD (P=0.05) 15.4 9.74 21,78

Zn

0.37

1.3

0.7

0.9

LO

1.5

1.0

S

0.23

Mean
H eight (cm) D iam eter (cm)

Level o f .Mean Lc\'ct of .Mean
ofz inc

SI
su lphu r ofz inc su lphur ofzinc

S2 SI S2
2,6 73.4 89,9 80.0 0,47 0.55 0,5
0.8 139.9 154.2 145,0 0.89 0.91 0,9
!.2 119.7 135.9 i27.8 0.83 0.81 0.8
1.5 100.3 96,7 98.5 0.48 0.66 0,5
2.1 84.7 94.8 87.8 0,49 0.53 0,5

102,9 1!2.7 0.6 0.7
ZnxS Zii S ZnxS Zn S ZnxS
0.52 14,27 9.03 XS 0.07 0.04 NS



Growth and iiicidcncc o f  powdery m ildew in Hevea

Table 2. Effcct o f  zini 

T reitm cnts

n the  p e rtc n l Rrowih increasti and  rcduclion of powder)- m ildew disease in RR IM  600 clone H evea in n u rsc r j over control

Disease severity 
Level o f  M ean

su lp h u r  o fzinc
S I  S2

t .e \ el o f 
su lphu r 

SI S2

Mean 
of zinc

H eight (em) 
Level of 
su lphur

Mean 
o f  zinc

le v e l of 
su lphu r

Mean 
o f  zinc

T1 0,0 53,8 26,9 0.0 66,3 33.1 0.0 22,6 11,3 0.0 30.8 15.4
T2 {5ml/lit. tt-ater) 77.7 92.6 85,2 76.0 82,6 79.3 90.8 110,2 100.5 112.3 116.2 !i4 ,3
T3 (7.5 ml/lit. water) 55,5 74.0 64,8 f.3,8 75,2 69,5 62.9 85,2 74.0 98,5 90.8 94,7
T4 (2&/lil,water) 22,2 66,6 44,4 44,0 72,5 58,2 36.9 31,7 34.3 18.3 57.2 37.8
T5 (3g/lit. water) 9,2 62,9 36,0 26,3 62.0 44,1 20.0 28,7 24.4 17,5 25,5 21.5
Mean o f  sulphur 32,9 70.0 42,0 71,7 42. i 55,7 49.3 64,1

Zn S ZnxS Zn S ZnxS Zn S ZnxS Zn S ZnxS
CD (P=0,05) 15,78 9.98 22.32 9.52 6,02 13,46 19,31 12.21 NS 17.68 11.19 ss
in increasing host resistance against m ildew and leaf spot 
diseases in other crops have also been reported (Graham , 
1983; M ehrotra and Claudius, 1973; Reis et al., 1982; 
Singh and A ggarw al, 1979). As indicated  by Skoog 
(1940) the favorable effect o f  zinc on d isease control 
m ay be a ttributed to tlie direct influence o f  zinc on the 
quantity o f  auxin produced.

The data on available zinc (ppm ) o f  pre- and post- 
treatm ent soil sam ples are analyzed. The available zinc 
in post-treatm ent soil w as found to be present in the range 
o f  0.42 (T2S1) to 3.14 (T3S2) while the pre-treatm ent 
soil show ed 1.23 ppm. This result clearly indicates that 
the available zinc present in p re- and post- treatm ent soil 
are o f  m edium  range. Im m ature lea f  sam ples o f  all icn 
treatm ents show ed com paratively h igher zinc content in 
the range o f  47.2 to 66.4 ppm  than m ature one (30.2 to 
61.5 ppm ). T he  nutrient content o f  X, P and K in pre- 
and post-treatm ent leaf sam ples w ere in the grade o f  4.74, 
0.69 and 2.5%  respectively. The total nitrogen content 
(% ) in p o s t- trea tm en t im m atu re  le a f  sam ples  w ere 
observed in the range o f  2.82 (T5S2) to 3.94 (T3S1), 
phosphate (% ) was in the range o f  0.4 (T2S1) to 0.52 
(T2S1) and the potassium  (% ) was in the range o f  1.55 
( T lS l ) to  1.82 (T3S1).

From  the results o f  the present experim ent, it may 
be concludcd that the foliar application o f  chclated zinc 
(5 m l/litre w ater) has been found to be very effective 
and superior to zinc sulphate for increasing growth o f 
RR IM  600 c lo n e  o f  H evea  and a lso  for con tro l o f  
powdery m ildew disease. Therefore, the foliar application 
o f  c h e la ted  z in c  ap p ears  to b e  a v iab le  a lte rn a tiv e  
approach to dusting o f  agricultural grade sulphur powder 
for the m anagem ent o f  pow dery m ildew disease and 
consequent healthy growth o f  rubber plants.
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