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Air pollution has become an increasingly serious problem in developing countries.
Ozone is the most phytotoxic gaseous air pollutant. Ground level ozone
measurements carried out at Delhi during 1990 -1992 show that the ambient
concentration of ozone varies between 20 to 273 pg m®, and the one hour WHO
ozone standard of 110.74 yg m*, was violated on many occasions (Varshney and
Aggarwal, 1992). Heck et al., 1982 have shown that out of total crop loss caused by
air pollution in USA, about 90% of the crop loss is attributed to ozone. Ethylene
diurea (EDU) has been shown to be specific in protecting plants against ozone injury
because it is an strong anti-oxidant (Carnahan et al., 1978). Exploratory studies have
been carried out to evauate the protective role of EDU against ozone damage in
cereals, legumes and vegetables (Astorino et al., 1995; Brennan et al., 1990;
Brunschon-Harti, 1995; Clarke et al., 1990; Hofstra et al., 1978; Kostaka-Rick and
Manning, 1992, 1993; Tonneijck and Vandijk, 1997). In India Bambawale (1986)
have shown that the leaf spot disease of potato reported from Punjab in 1978 was
primarily due to ozone pollution and foliar spray of EDU was found to reduce about
25-30%leaf spot disease. Higher yield in EDU-treated plants in comparison to un-
treated plants has been attributed to the specific protective effect of EDU against
ozone damage (Clarke et al., 1990; Seettler, 1981; Smith et al., 1987).

Tomato, an important vegetable fruit crop grown widely in the country, has been
shown to suffer adversely from ozone stress (Khan and Khan 1994). The present
study was undertaken to evaluate the performance of tomato plants, with and
without EDU treatment, exposed to ambient ozone levels at selected urban and peri-
urban sites at Delhi.

MATERIALS AND METHODS

Monitoring of ambient ozone at the following sites was carried out in Delhi (Figure-
1) at 15 day interval, during March-June, 1997.

Tilak Bridge is one of the busiest stretch on a main road connecting New Delhi with
Old Delhi. The traffic at this site is very heavy. In addition, a therma power plant in
the vicinity makes it one of the most polluted sites in Delhi
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Fig 1. Map of Delhi showing field sites



Jonapur is located in peri-urban/rural location lying at the outskirts of Delhi, at
approximately 12- 15km south of JNU and 15-20km away from traffic dense aress,
close to Haryana border (2km).The traffic of Delhi go to Haryana and vice versa
through this village. Agricultural activity is still going on around the locality. This
area is totally residential but in recent years construction activity has picked up
rapidly. This site is not completely free from air pollution.

JINU is located in side of a vast tract of natural vegetation in the southern part of
Delhi, is a secluded area, relatively free from pollution, selected to serve as a control
ste. The natural vegetation of the area is dry deciduous forest which has suffered
severely from urbanisation.

Air samples were drawn at hourly interval at a rate of 2 litre per minute using

KIMOTO handy sampler Model HS-7 for 5 hr (from 11.00-16.00 hr) and ozone
estimation was carried out using Saltzman (1961) method, with modification
suggested by Boyd et a., 1970, having a precision of +5% from the mean.

Lycopersicon esculentum var. Pusa Ruby (Tomato) plants were raised from seeds in
pots in the Ecological Garden, JINU ,during the last week of February 1997. In the
third week of March, six pots (two plants in each pot) were transferred to Jonapur
(peri-urban) and Tilak Bridge (urban), the field sites and a set of six pots was
maintained in the INU garden to serve as reference. From the last week of March
three pots a each site, were given EDU treatment, at twelve day interval, by soil
drenching with 400 ppm of aqueous solution of EDU. The remaining three pots at
each site were maintained without EDU treatment for comparison and were
drenched with water instead of EDU solution.

Plant growth was monitored and the degree of visible injury was recorded at bi-week
intervals. The plant parameters studied were, leaf number, shoot length, root length,
dry weight of shoot and dry weight of root. The tomato plants were harvested on
maturity in Mid-Jun after 82 days of field exposure. To evaluate the effectiveness of
EDU trestment on the growth and performance of tomato plants at Delhi, data from
al the sites were pooled under two categories namely 1. EDU treated and 2.
untreated plants for a better comparison.

RESULTS AND DISCUSSION

The results show that the ground level hourly pesk ozone concentration in the
ambient environment at three sites in Delhi varied between 113.42- 124.42 ug/m’*and
average hourly ozone concentration ranged between 88.41-89.98 pg/m°. The hourly
peak ozone value at the Tilak Bridge in the city centre was 113.42 pg/m’, was
relatively less as compared to the hourly pesk ozone value of 124.42 pg/m’at the
JNU which lies at the outskirts of the city resembling per-urban environment.

In general, at al the three sites the performance of EDU treated tomato plants was

190



In genera, a al the three sites the performance of EDU treated tomato plants was
better as compared to the untreated plants. However, variation in the performance
of the tomato plants from one site to another was found to be related to the inter-site
variation in the ambient ozone concentration (Table-1).

Shoot length root length, shoot biomass and root biomass were less in the plants
which did not receive EDU treatment as compared to EDU treated plants. In EDU
treated plants the leaf size was bigger as compared to the non-treated plants, however
the number of leaves in untreated plants were about 15.70% more as compared to
EDU treated plants (Table -2). Data on shoot length, root length, shoot biomass and
root biomass given in Table 2-3 show that the performance of EDU treated plants
was much better as compared to untreated plants at all the three sites. On an average
the shoot length, root length, shoot biomass and root biomass in untreated plants
were reduced by 19.10%, 14.50%, 25.60% and 17.96% respectively. It may be
observed that the protection provided by EDU treatment was different for different
organs in the same plant. In accordance with the degree of EDU protection the four
plant organs fall in the following sequence:

Shoot biomass > shoot length > root biomass > root length.

It seems that EDU treatment is not equally effective in respect of different plant
organs. In future studies related to EDU effect, it would be interesting to identify
the causes and the significance of the variation in the response of different plant
organs as observed in this study.

Table 1. Ground level ambient ozone concentration (ug m~) at different urban and
peri-urban at Delhi

Sites March April May June Average hourty
concentration
Max. Min. Max. Min. Max. Min. Max. Min.
Tilak Bridge 87.27 62.14 98.54 78.14 | 11342 | 83.14 97.83 82.15 88.41
Jonapur 97.23 83.42 106.73 | 91.32 | 11847 | 36.56 98.72 76.46 89.53
INU 93.12 61.99 113.12 | 81.47 | 12443 | 80.32 | 112.82 89.87 89.98

Table 2.Effect of EDU treatment on number of leaves, shoot and root length in
tomato plants exposed to ambient air pollution a Delhi

Site Leaf number Shoot length (cm) Root length (cm)

EDU Control % increase EDU Control % loss EDU Control % loss

Tilak Bridge | 72.90 83.50 14.54 63.37 52.07 17.83 1991 15.30 23.15
Jonapur 48.93 58.22 15.92 62.44 50.23 19.55 16.08 14.43 10.26
INU 48.37 58.00 16.60 63.25 50.65 19.92 16.28 14.64 10.07
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Table 3. Effect of EDU treatment on shoot and root biomass in tomato plants
exposed to ambient air pollution at Delhi

Site Shoot biomass (g / plant) Root biomass (g / plant)

EDU Control | % loss | EDU Control | % loss

Tilak Bridge | 28.25 | 21.04 2553 5.28 4.46 15.53

Jonapur 28.40 | 20.94 26.27 447 3.63 18.79

INU 28.52 | 20.54 27.99 4.67 3.76 19.57

Acknowledgements. The fellowship provided by the University Grant Commission
(UGC), New Delhi, to one of the authors (Chitrasen Rout) during the period of
research work is gratefully acknowledged. | am very thankful to Prof. JN.B. Bell, Dr
Mike Ashmore and Dr Fiona Marshall, Centre for Environment Technology, Imperial
College of Science Technology and Medicine, U.K. for providing EDU and timely
help during the experiment.

REFERENCES

Astorino G, Margani |, Tripodo P, Manes F (1995). The response of Phaseolus
vulgaris L. cv. Lit to different dosages of anti-ozonant ethylenediurea (EDU)
in relation to chronic treatment with ozone. Plant Sci 111: 237-248

Bambawale OM (1986). Evidence of ozone injury to a crop plant in India. Atmos
Environ 20: 1501-1503

Boyd AW, Wills C, Cyr R (1970). New determination of stoichiometric of the
iodometric methods for ozone analysis at pH 7.0. Ana Chem 42: 670-672

Brennan EG, Clarke BB, Greenhagh-Weidman B, Smith G (1990). An assessment
of the impact of ozone on field grown crops in New Jersey using the EDU
method: part-2-soybean (Glycine max L. Merr). Environ Pollut 66: 361-373

Brunschon-Harti S, Fangmeier A, Jager HJ (1995). Influence of ozone and
ethylene diurea (EDU) on growth and yield of bean (Phaseolus vulgaris L.)
in open top field chambers. Environ Pollut 90 (1): 89-94

Carnahan J, Jenner E, Wat E (1978). Prevention of ozone injury to plants by a
new protectant chemical. Phytopathol 68: 1225-1229

Clarke BB, Greenhalgh-Weidman B, Brennan EG (1990). An assessment of the
impact of ambient ozone on field grown crops in New Jersey using the EDU
method : part-1-white potato (Solanum tuberosum). Environ Pollut 66: 351-
360

Hofstra G, Littlejohns DA Wukasch RT (1978).The efficacy of the antioxidant
ethylene diurea(EDU) compared to carboxin and benomyl reducing yield
losses from ozone in navy bean. Plant Dis Reptr 62, 350-352

Heck WW, Taylor OC, Adams R, Bingham G, Miller J, Preston E, Weinstein L
(1982). Assessment of crop loss from ozone. J Air Pollut Contl Asso 32:353-

192



361

Khan MR, Khan MW (1994). Single and interactive effects of O,and SO,on
tomato. Environ and Exp Bot 34(4): 461-469

Kostka-Rick R, Manning WJ (1992). Effects and interactions of ozone and the
anti-ozonant EDU at different stages of radish (Raphanus sativus L.)
development. J Exp Bot 43 (257): 1621-1631

Kostka-Rick R, Manning WJ (1993). Dose-response studies with the antiozonant
ethylenediurea (EDU), applied as a soil drench to growth substrates, on
greenhouse grown varieties of Phaseolus vulgaris L. Environ Pollut 82: 63-
72

Saettler AW (1981). Yield response of navy bean treated with the antioxidant
chemica ethylene diureaMichigan State University Agricultura Research
Station Research Report. 427: 7

Sadtzman BE (1961). Preparation and analysis of calibrated low concentrations of
16 toxic gases. Ana Chem 33:1100

Smith G, Greenhalgh B, Brennan E, Justin J (1987). Soybean yield in New Jersey
relative to ozone pollution and anti-oxidant application. Plant Dis 71: 121-
125

Tonneijck AEG, Vandijk CJ (1997). Effects of ambient ozone on injury and yield
of Phaseolus wulgaris at four rurd sites in the Netherlands as assessed by
using ethylene diurea(EDU). New Phytol 135 : 93-100

Varshney CK, Aggarwa M (1992). Ozone pollution in the urban atmosphere of
Delhi. Atmos Environ 26B(3): 291-294

193



