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DYNAMICS OF LEAF PHENOLIC CONTENT AND CONIDIAL GERMINATIO N IN 
RELATION TO POWDERY MILDEW RESISTANCE IN GARDEN PEA GENOTYPES 

RS PAN, BIKASH OAS, s KUMAR, MATHURA RAJ AND AK SINGH 

HARP, !CAR Research Complex for Eastern Region, Plandu, Ranchi 834010, Jharkhand, India 

Summary 

The role of phenolics in mechanism of res istance to powdery mildew in resistant garden pea genotypes CHPMR-1 , CH PMR-
2, CHP-1 and CHP·2 was studied during 2002-2004 at HARP, Ranchi. In case of wall bound phenol, the content in genotypes 
CHPMR· 1, CHPMR-2 and NDVP-8 (susceptib le), did not differ significantly between pre-flowering stage and 45 days after 
flowering, whereas a drastic reduction in the content of wall bound phenol was observed during the peak flowering stage. In 
genotypes CHP-1 and CHP-2, there was a drastic reduction in the content of wall-bound phenol during 45 days after flowering. 
The line CHPMR-1 had significantly higher content of wa ll-bound phenols than that in line NDVP-8 at all the three stages of 
observation during both the years whereas no such trend was observed in case of wax bound phenol. The line CHPMR-2 had 
sign ificantly higher content of wax bound phenols at pre-flowering and at 45 days after flowering and wall bound phenol only 
at peak flowering stage than that in line NDVP-8 during both the years. The maxim um activity of Pheny lalan ine ammonia­
lyase enzyme was observed at both pre-flowering and peak flowering stages in case of CHPMR-1 , whereas in other genotypes, 
the activity did not differ significantly. Thus, cell wall-bound phenols might be ·one of the components of the complex 
defense mechan ism operating in plants of garden pea genotype CHPMR-1 against powdery mildew fungus whereas, in the 
genotypes CHP-1, CHP-2 and CH PMR-2 both wax-bound and wall-bound phenols might play important role. 
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Introduction 

Powdery mildew (Erysiphe pisi) is th e most se rious 
d isease of garden pea particularly in mid and late 
season crop in the subtropical region. It causes around 
24 to 27% y ield loss of fresh pods of the crop (Singh, 
1987) in add ition to loss in quality and taste of shelled 
green peas. Role of phenolics in resistance mechanism 
to powdery mi ldew has been studied by number of 
workers (Parashar and Sindhan, 1986; Bhattacharya 
and Shukla, 2000). However, information on dynamics 
of accumulation of different kinds of pheno l w ith 
respect to powdery mildew resistance in garden pea 
is l imited. Different phenols l ike wax- and wall- bound 
phenols have been reported to influence plant 
resistance mechanism to diseases at different stages 
of pathogenic invasion (Kumar et al., 1997). It is 
logical that an al teration in ti ssue susceptibility to the 
pathogen correlates with a corresponding change in 

the factor that governs host resistance. Bhattacharya 
and Sh ukla (2000) observed higher pheno l level s, 
accompanied by higher activities of o-diphenolase and 
catalase, in resistant crops and in healthy plants of the 
susceptible cultiva r, indicating that high activit ies of 
o-diphenolase and catalase were associated w ith the 
reduction of mildew severity in pea. 

Genotypes might differ in their defense mechan ism 
influenced by accumulation of different kinds of 
phenols and other biochemical factors at di ffe rent 
critical stages of crop growth. Concerted breeding • efforts at HARP P;)tichi has resulted in development 
of four resistant and high yielding lines of garden pea 
viz., CHP-1, CHP-2, CHPMR-1 and CHPMR-2. The 
present investigation was an attempt to reveal the mode 
of res istance mechan ism i n d ifferent genetic 
background of these powdery mildew resistant pea 
genotypes with respect to the role of phenolics and 
activity of PAL enzyme. 
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Materials and methods 

The present study was undertaken during 2002 to 
2004 at Horticu lture and Agro-forest ry Research 
Program mme (HA RP), Plandu,, Ranc hi-83401 O 
located at 620 m above mean sea level wi th a 
longitude of 85° 20' to 85° 95' and lati tude of 23° 15' 
to 23° 18' North. The experimental material consi sted 
of fou r powdery mildew res istant lines viz., CHPMRl , 
CHPMR2, CHPl , CHP2 developed at HARP, Ranchi 
(Anonymous, 2000) through hybridi zati on followed 
by selection, and one susceptible line NDVP-8. The 
experiment was la id out in the fi eld in Random ised 
Block Design wi th 6 rep lications (one plot of 3m x 
2m size per rep lication) w ith plant spacing of 30 cm x 
10 cm. In both the years, the crop was grown during 
the last week o f O ctober to end o f February . 
Recommended package of practices were uniformly 

) fo llowed in all the plots to raise successful crop. 

Scoring of the chosen genotypes for resistance to 
powdery mildew (in 0-5 po int scale) was carried out 
during 2001 -02 to 2003-04 on the bas is of symptom 
expression on the top f ive leaves at 45 days after peak 
flowering as suggested by Kumar (1995) . 

For studying the content of acid solub le wax- and wall­
bound pheno l in the leaf and stipule in the f ive 
genotypes in response to powdery mi ldew incidence, 
random p lant sample from top five leaves were 
collected at three stages of plan t gro0th viz., pre­
flowering (40 days after sow ing), peak flowering and 
45 days after peak flowering stage. Estimation of wax­
and wall- bound pheno l content was dohe following 
the method suggested by Kumar and Sr\dhar (1985) . 
For extraction of acid soluble-wax bound phenol, 10 
gm of freshly coll ected leaves w ere w ashed in 

) chloroform for removal of wax on the surface. A fter 
drying of chloroform, the wax bound phenol w as 
hydrolysed in 1 N HCI overnight and partitioned th rice 
in ethyl acetate. The pooled ethyl acetate fracti on was 
evaporated under vacuum followed by d issolving the 
residue (phenol) in 5 ml of distill'ed water: The content 
of phenol was estimated through spectrophotometer 
(UV5704SS, ECI L Make) using Fol in Cioca.lteu reagent 
(Malik and Singh, 1980). During estimation of acid 
soluble wa ll bound phenol, the leaves, after removal 
of wax bound phenol were ground and washed in 
acetone for removal of all the chlorophy ll pigments 
followed by washing in hot wate r fo'r prevention of 
en zymati c ox idati on of pheno ls .. The re sid ue 

comprising of cell wall material was air dri ed after 
washing with diethyl ether. The extracti on and 
estimation of the content of acid so luble wall bound 
phenol was done using the same procedure as 
followed in case of wax bound phenol. The data was 
subjected to analysis of variance. 

The activity of Phenylalanine ammonia-lyase (PAL) 
enzyme of the leaves of the five pea genotypes was 
measured duri ng 2003-04 at pre-flowering stage and 
peak flowering stage. The activity of PAL enzyme was 
measured using the procedure given by Thimmaiah 
(1999) . The enzyme was extracted by grinding 3.0 g 
of leaf tissue in 2.6 ml of 0 .2M sodium borate buffer 
(pH 8.7) containing 2-mercaptoethanol (0.8 ml/l itre) 
and collecting the supernatant after centrifuging at 
7000g. The enzyme activity was assayed by incubating 
0.1 ml of enzyme extract in a test tube contain ing 1 m l 
of 0.05M Tris-HCL buffer, pH 8.8, 0.5 ml of 0.01 ML­
Phenyla lanine and 0.4 ml of water at 30°C fo r 5 
minutes and estimating the amount of cinnamic acid 
formed by observing the absorbance at 268 nm and 
drawing a standard curve using standard t-cinnamic 
acid. The data was subjected to ana lysis of va riance. 

Results and discussion 

Pow dery mildew is a troublesome disease under 
prolonged warm, dry day t ime conditions and when 
nights are coo l enough for dew formation . A number 
of works have been carried out around the globe for 
development of powdery mildew resistant lines of 
peas. Screening for resistance is done on the basis of 
natural f ield infections using a late sowing technique 
to encourage the disease . From the p resen t 
investigation, the data on scoring pattern of d ifferent 
genotypes with respect to disease intensity is presented 
in Tab le 1. As evident from the table, the powdery 
mildew scores of the developed lines viz., CH P 1, 
CHP 2, CHPMR 1 and CHPMR 2 were at par w ith 
each other during all the three years of observation 
and screened as resistant. The disease score value of 
the line NDVP 8 was significantly higher than the other 
genotypes and screened as susceptible. 

Phenols are products of shikkimate pathway in th e 
plant that play an important role in imparting resistance 
to different d iseases. Lignifications of cell wall may 
act as a phys ical barrier by li miting the diffusion of 
fungal enzymes toxins from the infection site to th e 
hea lthy tissue. These phenolics esters are not restricted 
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to lignified ce lls, but also occur in the cell walls of 
grow ing tissue (Harris and Hartley, 1976). The data 
on dynamics of wax bound phenol and wall bound 
phenol content in the leaves and stipules of different 
pea genotypes in the present study (mean value of years 
2002-03 and 2003-04) have been depicted in Figures 
1 & 2, respectively. As evident from Fig 1, the content 
of wax-bound phenol declined from pre-fl oweri ng 
stage to 45 days after fl owering in all the genotypes. 
In case of wal I bound phenol, the content in genotypes 
CHPMR-1, CHPMR-2 and N OVP-8, did not differ 
significantl y between pre-fl owering stage and 45 OAF, 
whereas a drastic reduction in the content of wa ll 
bound phenol was observed during the peak flowering 
stage (Fig 2). In genotypes CHP-1 and CHP-2, there 
w as a drastic reduction in the content of wall-bound 
phenol during 45 OAF. Parashar and Sindhan (1986) 
reported a decli ne in total phenol and ortho di hydroxy 
phenol w ith increas ing age of the p lant in both 
resistant and susceptible genotypes of pea in response 
to powdery mi ldew infection. 

As evident from the Table 2, the genotype CHP-1 had 
sign i fi cantly higher content of wax-bound phenol, at 
peak flowering and 45 OAF than that in the susceptible 
line NOVP-8 whereas they were at par during pre­
flowering stage in both the years of observation. The 
line had significantly higher content of wall bound 
phenol than that in NOVP 8, at peak fl owering stage 
whereas, the content was lower during pre-fl owering 
and 45 OAF. Simi lar trend was also observed in case 
of line CHP-2 except that it had signifi cantl y higher 
wa ll bound phenol content at pre-flowering stage. It 
must be noted here that both the lines (CHP-1 and 
CHP-2) have been derived from common parents (HC-
17-11 and Arka Ajeet). Similar parentage of the lines 
might have contributed towards sim ilar types of 
accumulation of wax and wall bound phenols. Higher 
accumulation of wax-bound phenol at peak flowering 
and 45 OAF might have played a major role in the 
·resistance mechanism in these two pea genotypes. The 
higher accumulation of wall bound phenol in the 
susceptible line NDVP 8 du ri ng the later peri od may 
be attributed to the initiation of hypersensit ivi ty 
reaction in thi s genotype at later stages of plant growth 
in response to the d isease infection. 

The line CHPM R-1 had significantly higher wall bound 
phenols than that i.n I ine N OVP-8 at all the three stages 
of observation during both the years w hereas no such 
trend was observed in case of wax bound phenol. Thi s 

Table 1. Reaction of pea genotypes to powdery mildew 

Genotypes Powdery mi ldew severity score 
,2001-02 2002-03 2003-04 

CHPl 1.32 1.50 1.40 
CHP 2 1.75 1.50 1.50 
CHPMRl 1.38• 1.67 1.50 
CHPMR 2 .. 1.34 1.50 1.50 
NDVP 8 5.00 5.00 5.00 

Powdery mildew severity scale: Highly resistant - 0-1 .0, 
Resistant - 1.1-2.0, Moderately resistant- 2.1-3.0, Susceptible-3 . 1-5.0 

indicated the so le ro le of wa ll bound pheno l in 
govern ing res istance to powdery mi ldew in th is 
genotype. Kur,nar et al. (1997) had reported that 
resistance offered by cell wa ll bound phenols to 
pathogens may n<;>t be a universal mechanism, but may 
be of si gnifican'ce under certain conditions. 

The li ne CHPtv)R-2 had sign ifi cantl y higher content of 
wax bound phenols at pre-fl owerin g and at 45 days 
after floweri ng and wa ll bound phenol only at peak 
flowering stage than that in l ine N OVP-8 durin g both 
the years of observation. Th is ind icated at the decisive 
role of wax bound phenols in imparting resistance to 
powdery mildew. Though the content of wax bound 
phenol was not signi ficantly higher during the peak 
flowerin g stage, higher accumulati on of pre-formed 
phenols at pre-flowering stage and higher val ue at 45 
OAF might have contributed towards the resistance 
in the ge11 otype in both the years. 

The Phenylalanine Ammoni a-Lyase enzyme (PA L) 
plays a pi vota l ro le in the b iosynthesi s of plan t 
phenol ics and has been extensively studied for 
correlati ng disease resistance in di fferent vegetable 
crops. However, Guleria et al. (2005) hinted that PAL 
by itself is not the ~ole limi ting factor in the production 
of phenolics in pea. In the present investigation, at 
both pre-flowering and peak flowe rin g stages the 
maximum activity of PAL enzyme was observed in 

Fig .1 . C hanges in th e conte nt of wa x b o un d p h enol in 
leav e s of p ea genoty p es at d ifferen t stag es of g ro wth 
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F ig .2 . Change s in the co n tent of wa ll bound p heno l in 
leaves o f pe a g enoty p es at d iffe re nt s ta g e s o f gro wth 
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Fig . 3. Activity of PAL enz y me in leaves o f pea 
genotyp es at d ifferent stag es of growth 
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Table 2. Content of wax bound- and wal I bound phenol in leaves of pea genotypes at d ifferent stages of plant growth 

Genotypes Pre-flowering stage Peak flowering stage 45 days after flowering 
Wax bound phenol Wall bound phenol Wax bound phenol Wall bound phenol Wax bound phenol Wall bound phenol 

(mg/l OOg (mg/l OOg (mg/lOOg (mg/lOOg (mg/l OOg (mg/l OOg 
fresh weight) freshweight) freshweight) freshweight) freshweightl freshwei ght) 

2002-03 2003-04 2002-03 2003-04 2002-03 
CHPl 0.89 1.31 5.28 4.22 0.96 
CHP2 0.78 1.28 12.36 10.39 0.62 
CHPMR 1 1.32 1.25 9.66 10. 59 0.60 
CHPMR 2 1.02 1.37 9.0 1 6.50 0.58 
NDVPB 0.77 1.26 6.99 6.45 0.58 
S.E.m. 0.032 0.024 0.461 0.433 0.028 
C.D. at 5% 0.094 0.071 1.356 1.273 0.083 

case of CHPMR-1 whereas in other genotypes, the 
activity did not d iffer significantly. The activity of PA L 
enzyme w as found to increase during peak flow ering 
stage (Fig.3). Kalia (1998) also reported increased 
activ ity of PAL enzyme in powdery mildew resistant 
genotypes in response to infection. How ever, the 
decline in the content of w ax bound- and w all bound 
phenol in the leaves of different genotypes during peak 
flowering stage in the present investigation can be 
attributed to role of PAL on biosyr.ithes is of other 
products of shikkimate pathw ay. 

Thus, resistance offered by cell wa ll bound phenols 
m ight be one of the compo nents of the complex 
defense mechanism operating in plants of garden pea 
genotype CHPMR 1 against pow dery mildew fungus 
w hereas, in the genotypes CHP 1, CHP 2 and CH PM R 
2 both wax bound and wall-bound phenols might play 
important role. ' 
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