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Abstract 
 
Under natural and greenhouse conditions we found a significant reduction in the physiological and biochemical 
constituents in leaves of five disease types when compared to healthy ones. The growth characteristics such as height, 
dry mass, photosynthetic and transpiration rates, stomatal conductance, and water use efficiency were reduced signifi-
cantly more in susceptible cv. TRI-2024 than in tolerant cv. TRI-2025. Also contents of total sugars, nitrogen, amino 
acids, proteins, polyphenols, and catechin were reduced in diseased plant leaves. However, the reduction was more 
prominent in susceptible than tolerant cultivar. Canker size and barker moisture content were larger in the susceptible 
cultivar than in the tolerant cultivar. 
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Tea is the most popular and inexpensive beverage pro-
duced from young leaves of the commercially cultivated 
tea plant [Camellia sinensis (L.) O. Kuntze]. Being a 
monocultural crop, tea provides a stable microclimate for 
a number of pests and diseases. Perennial habit of the tea 
plant, peculiar cultural conditions, and warm humid 
climate of the tea growing areas are highly conducive for 
disease development (Hajra 2001). A large number of 
pathogenic organisms from different parts of the plant are 
available in this ecological niche. The crop loss in tea due 
to pests and diseases is around 10–20 % in southern India 
(Sathyanarayana and Barua 1983). Chen and Chen (1990) 
described nearly 400 tea pathogens. Leaf diseases are 
more important due to the obvious reason that tea plant is 
cultivated for its young succulent leaves (Muraleedharan 
and Chen 1997). These diseases affect the crop by their 
indirect effect on bush health, but if both young and 
mature leaves are attacked, the quantity of harvest is 
reduced (Baby 2001). Leaf blight, leaf spot, leaf rot, and 
leaf rust are the common leaf diseases of the tea bush. 

Tea leaves affected by blister blight (caused by 
Exobasidium vexans Massee), grey blight (by Pestalotio-
psis theae (Sawada) Steyaert), brown blight (by Colleto-
trichum camelliae Massee), sooty mould (by Capnodium  
 

theae Boedijn), and red rust (by Cephaleuros parasiticus 
Karst) diseases were studied at UPASI Tea Research 
Institute’s garden, Valparai, located in the western Ghats 
of southern India (10°30’N, 77°O’E, altitude 1 050 m 
a.s.l.). The diseased and healthy leaves of clone UPASI-3 
from the same bush canopy of fourth year fields (after 
pruning) planted in the year 1972 were studied. 

Further an isolate designated as MP (Phomopsis 
theae, IMI No. 384005) obtained from diseased tea stem 
was tested using two-year-old susceptible TRI-2024 and 
tolerant TRI-2025 tea cultivars. These plants were grown 
in earthen pots and maintained under greenhouse con-
dition. The pathogen inoculum was raised in autoclaved 
tea stem bits (10-d-old) and used for artificial infection of 
the plants by soil infestation method (Ponmurugan et al. 
2002). Soil was infested with the pathogen by placing the 
inoculum at 5 cm below the soil level around the plants. 
Wound was made at the collar with a sterile scalpel. The 
pots were covered with polythene sheets to maintain 
humidity for the establishment of pathogen. The plants 
were watered regularly for three weeks and thereafter the 
surface soil was kept dry, by watering the plants to  
the root zone through the PVC pipe kept into the pot to  
a depth of 20 cm. Observations were made on the  
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Table 1. Net photosynthetic rate (PN) [μmol(CO2) m–2 s–1], transpiration rate [μmol(H2O) m–2 s–1], water use efficiency (WUE), 
stomatal conductance (gs) [mm s–1], and contents of total chlorophyll (Chl) [g kg–1(FM)] and other biochemical components [%] of 
diseased (D) and healthy (H) leaves of tea clone UPASI-3 affected by five diseases. 
 

Parameter  Disease     SE CD 
  Blister blight Grey blight Brown blight Sooty mould Red rust  at p=0.05 

PN H   4.45   4.36   4.44   4.38   4.50 0.47   0.88 
 D   2.12   3.58   3.98   4.15   3.88 0.32   0.44 
E H   2.33   2.32   2.35   2.46   2.38 0.12   0.25 
 D   1.08   1.44   1.50   1.62   1.19 0.12   0.18 
WUE H   3.65   3.57   3.56   3.69   3.69 0.42   0.72 
 D   2.00   2.02   2.33   2.69   2.47 0.32   0.52 
gs H   0.09   0.08   0.07   0.07   0.09 0.01   0.03 
 D   0.04   0.05   0.02   0.06   0.07 0.01   0.02 
Chl H   3.42   3.22   3.22   3.38   3.42 0.05   0.14 
 D   1.15   1.86   2.11   2.74   2.26 0.25   0.62 
Sugars H 10.12 10.12   9.97   9.88 10.03 2.22   9.66 
 D   3.52   6.44   6.15   5.72   5.45 1.33   5.02 
N H   4.88   4.86   4.22   4.80   4.58 0.77   4.00 
 D   2.52   3.28   3.56   4.11   2.97 0.58   4.79 
Proteins H   5.27   5.28   4.88   4.23   5.77 1.68   4.01 
 D   3.22   2.87   2.69   3.29   3.56 1.32   4.65 
Amino acids H   4.58   5.03   4.96   5.58   4.99 0.66   4.00 
 D   2.52   2.54   2.14   3.25   3.56 1.32   4.65 
Polyphenols H 16.66 17.23 16.06 18.00 17.77 0.07 11.67 
 D 12.34 12.54 12.28 11.27 13.08 0.43   7.05 
Catechins H 13.85 13.00 12.44 12.84 13.18 3.15 11.34 
 D 11.00 10.84 10.52 10.87 12.97 2.24   8.15 

 
development of canker as well as on the responses of the 
plants due to infection after two years. A control was 
maintained with inoculation of the pathogen and without 
collar injury. 

Growth response was studied in terms of plant height, 
dry matter (DM), and plant strength expressed as total 
DM of the plant and height of the plant as described by 
Maskina et al. (1984) and represented as DM per unit 
area. Canker size (length and width) was measured using 
a metric scale. The plant bark moisture content was 
estimated following the method of Bier (1959). Five-mm 
disc of bark was removed from the plant collar portion 
with the help of a sharp cork borer and recorded as fresh 
matter (FM). The discs were soaked in distilled water till 
the tissues attained constant matter. Finally bark moisture 
content was calculated. 

Net photosynthetic rate (PN), transpiration rate (E), 
stomatal conductance (gs), and water use efficiency 
(WUE, PN/E) were measured using portable infrared gas 
analyzer with a broad-leaf chamber model LCA-3 
(Analytical Development Co., UK). Diseased and healthy 
leaves were then ground in 5 cm3 of hot 80 % ethanol. 
The supernatant after centrifugation was taken for the 
analysis of total sugars (Dubois et al. 1956), nitrogen 
(AOAC 1990), proteins (Lowry et al. 1951), amino acids 

(Moore and Stein 1948), lipids (Folch et al. 1957), poly-
phenols (Bray and Thorpe 1954), and catechin (Swain 
and Hillis 1959). Total chlorophyll (Chl) content was 
measured by using Chl analyzer (Minolta, Singapore). 
Root saccharide contents were estimated following the 
method of Mc Cready et al. (1950). 

We found a significant reduction in PN, E, gs, and 
WUE in diseased leaves when compared to healthy ones 
(Table 1). The reduction in PN in diseased leaves was in 
accordance with the reduction in Chl contents (Table 1). 
Rajalakshmi and Ramarethinam (2000) found reduction 
in contents of Chl and carotenoids due to infection of 
leaves by blister blight. Inhibition in the synthesis of 
pigments reduces the efficacy of CO2 fixation in the 
chloroplasts (Dhillon et al. 1992), which in turn reduces 
DM content (Michael 1978). Harvest index of tea is 
related to the retention and allocation of photosynthates 
(Barman and Saikia 2005). Reduction in PN, E, gs, and 
shoot water potential due to pathogen infection has been 
reported in coconut palm (Michael 1978) and area nut 
(Chowdappa and Balasimha 1992). 

Due to pathogen infection, contents of sugars, nitro-
gen, amino acids, proteins, polyphenols, and catechin 
were depleted in the leaves (Table 1). The reduction may 
be attributed to the secretion of certain metabolites to  
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Table 2. Plant height [cm], dry matter (DM) [g], DM per unit area, bark moisture [%], canker size [cm], net photosynthetic rate (PN) 
[μmol(CO2) m–2 s–1], transpiration rate [μmol(H2O) m–2 s–1], water use efficiency (WUE), stomatal conductance (gs) [mm s–1], and 
contents of chlorophyll (Chl) [g kg–1(FM)] and other biochemical components [%] of tea cultivars susceptible (TRI-2024) and tolerant 
(TRI-2025) to P. theae infection. 
 

Parameter TRI-2024 TRI-2025 CD 
 Healthy Infected Healthy Infected at p=0.05 % 

Canker size -   2.6×1.4 -   0.8×0.2 - 
DM per unit area   0.93   0.61   0.98   0.86 0.17 
Plant height 38.33 35.53 39.33 38.03 2.24 
DM   3.82   2.72   2.89   2.07 0.59 
Bark moisture 80.50 76.81 95.76 92.94 5.84 
PN   5.73   4.13   6.73   5.93 0.63 
gs   0.32   0.27   0.34   0.31 0.06 
E   1.93   1.43   2.03   1.83 0.34 
WUE   3.23   2.57   3.87   3.33 1.12 
Chl   3.27   2.17   3.73   3.43 0.21 
Sugars   5.80   3.09   4.74   4.04 0.74 
N   1.58   1.08   1.24   1.08 0.58 
Polyphenols   2.72   1.18   3.37   2.53 0.32 
Catechins   2.60   1.79   3.21   2.29 1.34 
Proteins   0.94   0.83   0.83   0.73 0.21 
Amino acids   0.82   0.93   0.60   0.76 0.28 
Lipids   0.86   0.54   0.82   0.67 0.23 
Root saccharides 17.62 12.12 23.15 21.74 8.59 

 
degrade them or utilization by the respective pathogen. 
Similar observations were reported in other pathosystems 
(Naqvi 1987, Kaur and Mehrotra 1990). On the other 
hand, due to pathogen infection, biochemical constituents 
may be accumulated (Prasad et al. 1989, Dhillon et al. 
1992). The reduction of sugar content in diseased leaves 
might be due to the increase in the rate of utilization by 
the pathogen as respiratory substrate during pathogenesis 
(Ponmurugan 2002). The reduction in protein content 
might be due to blockage of protein synthesis or 
degradation of protein in the host plants. Sugars are 
precursors of phenolics and the depletion of sugars in the 
diseased leaves would result in the depletion of phenolic 
compounds (Hegde and Anahosur 2000). 

The disease incidence was more severe in TRI-2024 
than in TRI-2025, which coincided with the susceptibility 
of the cultivar (Table 2). No canker was developed in the 
control plants, which confirms the earlier reports that  
P. theae is a wound pathogen (Venkata Ram 1973). 
Requirement of wound as a pre-requisite for infection and 
canker development is known for many species of 
Phomopsis such as P. occulta on blue spruce (Igoe et al. 
1995), P. subordinoria on Plantago (Nooji and Vender 
1987), P. vaccinii on blueberry (Parker and Ramsdell 
1977), and P. asparagi on asparagus (Zheng et al. 1983). 

Plant growth parameters such as plant strength, 
height, and DM were reduced significantly in infected 
plants of both cultivars (Table 2). The pathogen effect 
was mild in TRI-2025 due to its susceptibility. In alfalfa 
plants infected with Verticillium albo-atrum, Packer et al. 
(1990) observed a reduction in plant strength, height, and 

DM. These alterations in plant growth might be due to 
the energy demands of the host-parasite interaction (Igoe 
et al. 1995) and low DM production due to inefficient 
CO2 assimilation (Michael 1978). 

Bark moisture content in both healthy and infected 
plants was higher in TRI-2024 than in TRI-2025, and in 
the infected/susceptible plants fell in the same range 
(Table 2). Bier (1964) advocated that bark moisture 
below 80 % predisposes the plants to pathogen infection. 
A prominent reduction in physiological parameters in 
TRI-2024 was noticed when compared to TRI-2025 
(Table 2). Due to pathogen infection, all the biochemical 
parameters were also depleted in both TRI-2024 and TRI-
2025. However, the depletion was more pronounced in 
the susceptible clone than in the tolerant one (Table 2). 
The higher content of total sugars in susceptible cultivars 
can be correlated with the susceptibility of the plants to 
disease (Sindham et al. 1987). On the other hand, higher 
amounts of polyphenols and catechin can be correlated 
with the tolerance of the plants to the disease. The reduc-
tion of biochemical constituents in diseased plants might 
be due to the increase in the rate of respiration by the pa-
thogen as respiratory substrate during pathogenesis (Kaur 
and Mehrotra 1990), poor protein synthesis (Michael 
1978), and involvement of defence mechanisms (Chow-
dappa and Balasimha 1992). In infected plants we found 
a significant reduction in the root saccharide reserves. 

We conclude that due to pathogen infection all the 
biometrical, physiological, and biochemical parameters 
were reduced which in turn adversely affected plant 
health and vitality. 
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