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Impact of simulated acidic rain on growth,
photosynthetic pigments, cell metabolites,
and leaf characteristics of green gram
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Abstract

Seedlings of green gram (Vigna radiara ov. ADT-1 and CO-5) were exposed to daily
showers of simulated acidic rain {(I1,50, : IINO5  1ICL 4 : 2 : 1, v/iv) for 10 d. The
effects were analysed after 5 and 10 showers, respectively. Rain of pH 2.5 inhibited
seedling growth and biomass accumulation, though in other acidic levels the etfects
were mostly inconsisient. Both cultivars had high degree of surface wettability
indicated by high lcafl surface contact angles and watcr-holding capacity. Treated
leaves were thinner with smaller mesophvll cells. Stomatal index and trichome
density were lower in contrast to epidermal cell density and stomaltal frequency
which increased with increasing acidity. Decreases in chlorophyll (Chl), carotenoid
{(Car), and starch conlents in cv. ADT-1 at pH 2.5 were observed after 5 showers,
while in cv. CO-5 decreases were noted only after 10 showers. In contrast 1o total
sugar levels, the protein content of cv. CO-5 was augmented significantly after
simulated acidic rain {SAR) treatment.

Additional key words: carotenoids; chlorophyll; leaf wettability; mesophyll volume; plant height;
starch; stomatal index; sugars; Vigna radiata.

Introduction

Instances of acidic precipitations hiave been reported from several developing
countries like India and China, and the potential for wide-spread acidification is
further building up (Khemani e al. 1985, Rodhe 1989). In this context. it has become
imperative to screen the performance of local crop plants and [orest species under the
prevailing tropical conditions as most of the literature pertains 1o temperate countries.
A systematic research programme was initiated in this laboratory to assess the
performance of some crop plants against SAR. As a necessary prelude o studics on
photosynthesis and yield, cffects on early plant prowth and foliar structural
characteristics were investigated.
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Materials and methods

Sceds of green gram | Figna radiata (L)) Wilezek ov. ADT-1 and CO-5] were sown
in earthenware pots (25%25 ¢m) filled with a mixture of sand, red soil, and farmyard
manure (2 :1:1, v/v). Plants were maintained undcr natural greenhouse conditions
(day-lemperature 3812 °C; night-temperature 18+2 °C, relative humidity 60+5 %o,
maximum ircadiance (PAR) 1400 umol m2 s-1; photoperiod 12-14 h). They were
irrigated with borewcll-water daily just adequately to keep the soil moist,

Using a diluted mixture of Hy80,, HNG,, and HCI (4 © 2 0 1, v/v) in the motar
ratios of 6:3 : 1, double distilled water was adjusted 1o pll 5.5, 4.0, or 2.5. H,O
adjusted to pH 7.0 by adding one or two drops of 0.1 M NaOH served as control.

Fifteen-day-old plants al two-lcal stages with primary leaf (PL) and the emerging
first trifoliate leaf (T['1) were cxposced to SAR of 6 min duration each for 10 d.
About 200 em? of water adjusted to pI1 7.0, 5.5, 4.0, or 2.5 was applied to the top of
the plant using & rain-generating device after Kohno and Kobayashi (1989). The ramn
drop size ranged from 0.35 to 1.35 mm diameter, at a fTow rate of 7.8 mm? per h. No
elforts were made to prevent the 'run off to soil. TI'1 from tweated plants were
sampled for analysis. Morphometric measurements and biochemical estimations were
made at stages 1 and 2 corresponding to 20 and 30 DAS, respectively. At stage 1,
plants received 5 showers whercas at stage 2 they received 10 showers followed by 5
non-rainy days allowing recovery, if any. Chlorophylls {Chl #+5) were cstimated
[ollowing the mcthod of Shoat and fium (1976) by extracting the pigments into
dimethy! sulphoxide (DMSO) at 60 °C in dark for 1 h, and the absorbance was
measured at 645 (Chl 5} and 663 nm (Chl &) with DMSO as blank. Carotenoids {Car)
were determined following Ikan (1969} with absorbance values measured at 480 nm.

The total soluble protein content was estimated by the method of Lowry er af
(1951) from fresh leaves. The contents of total soluble sugars (Dubois er al. 1956}
and starch (McCready e o/ 1950) were estimated from the dried leaf tissues.

Stomatal/epidermal characteristics were obzerved from the leaf impressions on
polvstyrene plastic films. Stomatal counts were made randomly on five selected
regimes on the adaxial side. Stomatal index was calculated following Salisbury
(1928). Stomatal and cell sizes were measured using micrometers.

Mesophyll thickness was measured from 10 pm thick leaf sections using an ocular
micrometer, and from these measurcments mesophyll volume was calculated
(Patterson ef aL\l‘)?’S).

The leaf surface contact angle (I.SCA) was measured on the adaxial surface of
freshly detached leaves, Props of 11,0 (3 mm?) were placed on areas free of larger
veins, and the profiles of droplets were projected onto a wall using a microprojector
and traced on a graph paper. Conract angle was measured as the angle between air,
liquid. and leaf surface as suggested by Foge (1947).

Wauler holding capacity (WHC) ol (he leaves as o measure ol leal’ wellabilily was
determined following Haines ef @/ (1983). The primary and first trifoliate leaves of
each cultivar were spraved with distilled water for 20 s {rom ! m above. The droplets
(0.34 10 1.40 mm diameter) on the adaxial surface were blotted onto a filter paper and
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weighed. Leafl areas were determined using a Systronics leaf-area meter. The
differcnce between the wetted and dried filter paper gave the amount of water
retained on the surface of the leaf.

Table 1. Changes in growth characteristics of grecn gram cultivars ADT-1 and CO-5 exposed to
simulated acidic rain (SAR). Linear dimensions in [em], fresh masses in |g]. Differences in a row
followed by diiferent letters are significant according to Tukey's HSD multiple range test at 5 %
level (# = 10). Stages | and 2 correspond to 5 and 15 d afler initiating the SAR treatment,
respectively.

Cultivar Stage 1 Srage 2

7.0 3.3 1.0 2.3 7.0 3. 4.0 2.3

[

Root length ADT-1 7200 622b  605h 5730 773 7232 467" 6130
CO-5 & 544 8.508 g.674 R.090  [0.500 1038 10302 956

Shoot length ADT-1  B3572 7.32b 6.47¢ 627¢ 10,58 8.55bk $.13b 8.500
CO-5 119080 12,300 116090 11248 ]2.608 13,122 12.65¢ 12.502
Plant height ADT-1 15.77% 13,74 12.52¢  12.00¢ 1831* 1578 14800 14.72b
CO-5 20448 21,008 20278 19338 23108 23,508 23.15% 22068
Root fr, mass  ADT-1 0.112 0.09bc  g.pobe (.08 0.16% 0,162 0.140 0.13b
CO-5 Q.18 016" 015" 0.5k 039 0370 033" (021¢
Shoot fr. mass ADT-1 0428 Q460 Q428 (442 1108 1094 Llga e
CO-3 0.552  0.528 Q528 (548 1248 1224 1.258  1.02b

Plant fr. mass  ADT-1  0.53%  0.53¢  (51%  (.52% [.26% |.252 1.242 1.24¢
CO-3 0732 (.68 0.672  0.692  ].63% [.594  |.58¢+ 1.23b

The plants were uprooted at specified stage, and growth parameters such as root
and shoot length and plant height were determined. The plant parts were weighed in
an Anamed digital halance for fresh masg They were then driad in an oven at 80 20
for 48 h and weighed again for dry mass determination.

For statistical analysis, the values were analysed by Tukey's multiple range test
{(TMRT) at 3 2% level of sipnificance (Zar 1984),

Results and discussion

Our experiments confirm the detrimental nature of rainfall acidity at pH 2.5 in line
with most studics from the northern hemisphere (Evans 1988). Inhibitions in root and
shoot elongation were significant in cv. ADT-1, but the adverse effect was of lower
order in cv. CO-3. This trend was further evident in the whole plant height. Treated
plants of cv. ADT-1 were shorwer by ca. 13-25 % while the height of cv. CO-3 was
not reduced significantly (Table 1). Deereased seedling growth and reduced blomass
were generally observed in plants exposed to SAR of pH 3.0 or below (Ferenbaugh
1976, Neufeld er af. 1985, Kohno and Kobavashi 1989, Muthuchelian er al. 1993). In
several studies, however, SAR failed to evoke a consistent trend, and stimulations,
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inhibitions or no ¢ffects were observed (Shriner 1978, Shriner and Johnston 1981,
Evans ef al. 1982).

cv. ADT-1 cv. CO-5
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Fig. I. Effects of SAR on total chlorophyll (Chly, caroteneids, sugar, starch, and protein contents in
green gram plants. Values are means of 10 determinations at Q stage 1. or M stage 2. Dars sharing
the same letters in the respective stages are not significant according to Tukey's HSD multiple range
lest at 5 % level of significance.
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The two green gram cultivars had reduced root biomass especially after SAR
treatment of pH 2.5. Insignificant incrcases in shoot biomass masked the inhibitions
at whole plant level (Table 1). Lee er ol (1981) found an increase in the shoot
biomass of alfalfa at pll 3.5 and 4.0 (pH 3.6 was control) but not in clover; root
biomass of alfalfa was the highest at pH 3.5. Evans er «/. (1983) also observed a
slight stimulation of plant biomass after acidic rain upto pH 4.0 in several crop
plants, Increased shoot dry mass of soybean was recorded by Norby er af. (1985) at
pH 3.4 without a corresponding increase in roots. Our results conform to the growth
and biomass trends observed in soyvbean by Kohno and Kobayashi (1989} who used
an acid mixture similar t¢ our one.

A decrease in Chl {(a+5) content was an immediate response of cv. ADT-1 at pH
2.5 but it was nullified subsequently in stage 2 (Fig. 1). In contrast, cv. CO-5 which
showed litlle changes in stage i, had lower Chl content at pH 4.0 and 2.5 during the
post-treatment period. A similar trend prevailed also in the Car contents (Fig. 1)
Though decreases in Chl (¢-5) consequent to SAR have been reported for beans
{Ferenbaugh 1976, Hindawi ef al. 1980), cowpea and black gram (Muthuchelian ey
al. 1993), apples (Sharma ef ol 1494), Chl content was increased in soybean (Irving
and Miller 1980). No signiticant changes were observed by Dixon and Kuja (1995).

In the present study, a consistent reduction in protein content was noted for cv.
ADT 1 only, whereas the trend for ¢v. CO-5 indicated the reverse (Fig. 1). The cv.
ADT-1 seems to have finally benefitted from the acidic showers as the starch content
was increased at pl 5.5, 4.0, and 2.5 by 28, 60, and 72 %, respectively (stage 2). In
contrast, the cv. CO-5 had significantly less starch at pll 2.5, Bul for a marginal
increase (stage 1) in cv. ADT-1, the total sugar contents were always less than in the
control (stage 2 for cv. ADT-1, and stages 1 and 2 for cv. CO-5). Such decreases are
supported by the findings of Ferenbaugh (1970) in beans and Muthuchelian er f.
(1993) in cowpea and black gram. The latter authors have further found a decreased
content of soluble protein after acid rain.

Table 2. 1.eaf wettability (water-holding capacity, WHC) [g(1,0) m*?] and lcaf contact angles {°] of
green gram cv. ADT-1 and CO-5 prior to simulated acidic rain (SAR} application. Leaves were
showered for 20 s with distilled water from 2 m above. Values are mean = SE of 10 determinations.

Cultivar  Leaf Contact angle  WHC

ADT-1  primary 79.5 78.0+24
first wrifoliate  82.0 729456

CO-5 primary 81.5 71.5+5.1
first trifoliate  81.7 713154

Surface characteristics which contribute to the wettability of Icaves, retention of
rain drops, and penetration into the underlying cells may be critical for determining
the relative susceptibilities of the cultivars, A zero contact angle indicales exireme
wettability while 180° indicates almost no wettability., Calculating the leaf surface
contact angle (LSCA) and water-holding capacity as a measure of wettability has
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been advocated by Evans (1979) and Haines ez o/, {1985). The latter paper describes
a positive correlation between the [.SCA and WHC on one hand, and the
susceptibilities of six crop species of SAR on the other. The two cultivars have
similar contact angles and WHCs, though cv. ADT-1 appears to be more prone to
SAR damage (Table 2). The possibility that these differences, though marginal, could
have subtly regulated the penctration and subsequent impact on cellular metabolic
events cannot be gainsaid.

Of the stomatal characteristics (Table 3). stomatal size was affected only shightly
but the stomatal index (81) was lowered significantly at pH 4.0 and 2.5 in ¢v. ADT-1
and only at pI{ 2.5 in cv. CO-5. Yet, the frequency of stomata increased in all SAR-
trealed leaves. On a unit area basis, the density of epidermal cells was higher at pH
2.5. The thickness and volume of the mesophyll were also suppressed by SAR.
Increasing the acidity of rain also decrcased the trichome density (Table 3). Sharma
et al. (1994) found a decreasc in the SI in SAR-showercd Prunus persica leaves
along with a parallel decrease in stomatal frequency. Since the stomata per leaf arca
are precociously determined in early stages of ontogeny (Ciha and Brun 1973), a
compressed leaf with the same number of cells and stomata would result in higher
stomatal frequency, unless the leaves were at their primordial stages when they
received SAR.

Table 3. Changes in anatomical features of green gram cv. ADT-1 and CO-3 exposed to simulated
acidic rain (SAR} of pH 7.0, 5.5, 4.0, and 2.5, Lengths and breadths in [wm], stomatal, epidermal
cell, and trichome numbers in [mm2], Mesophyvl thickness [Lm] multiptied by 10 gives mesophyll
volume [em? m=). Values in a row followed by different letters arc signiticantly different according
lo Tukey's HSD multiple range test at 5 % level (n=10).

ADT-1 CO-3
7.0 5.5 4.0 2.5 7.0 3.5 4.0 2.5
Sromatal indox 14,484 14.03% 13.61%  13.84%  |4.38* 14.52%  ]3.87¢ 3,05
length 26,148 26951 25248 22506 24730 24604 24953 24014
breadth 15.518 14460 14700 15000 14728 14354 14,548 14452
number 1242 132ab 1272 138t 1264 1268 j238 139b

Epidermal cell tength 72,772 72520 46400 61,250 76208 71.54% 72528 6].50°
breadth 39450 34793 36,738 28860 41908 4018+ 40677 33.81P
number 7329 809t 80eh 859¢ 7380 7424 Tr6P 9260

Trichome number 5.08 4.8 4, 3ab 4.0b 3.08 4,73 4,5 4.1b

Mesophyll thickness 1668 148b 136¢ 127¢ 1404 128b 110¢ Goc

Our experiments confirm that the two cultivars of green pram differ in the
sensttivities to SAR despite very little differences in the surface characteristics The
variations in the metabolic etfects could be, as suggested by Thomas ef af (1944), a
rellection of the pH-stat mechanism or buftering capacity of cells, which are cultivar
apecific and inherited

76



IMPACT OF SIMULATED ACIDIC RAIN IN GREEN GRAM

References

Ciha, AJ., Biun, W.A.: Stomatal size and frequency in soybeans. - Crop Sei. 15: 309-313, 1975,

Dixon, M.J., Kuja, A.L.: Effects of simulated acid rain on the growth, nutrition, foliar pigments and
photosynthetic rates of sugar maple and white spruce seedlings. - Water Air Soil Pollut. 83: 219-
236, 1995.

Dubois. M., Gilles, K.A., Hamilton, J.K., Rebers, P.A., Smith, F.: Colorimetric method for
determination of sugars and related substances. - Anal. Chem. 28: 350-336, 1956,

Evans, [.S.: A plant developmental system to measure the impact of pollutants in rain water. - J. Alr
Pollut. Control Assoc. 29: 143-148, 1979.

fvans, L.S.: Effect of acidic deposition on vegetation: State of science. - I Rao, DN, Ahmad,
K.J., Yunus, M., Singh, S.N. (ed.}: Perspectives in Environmental Botany. Pp. 73-119. Today
and Tomorrow's Printers and Publishers, New Delhi 1988.

Mvans, L.S.. Lewin, K.F., Cunningham, E.A.. Patti, M.J.: Effects of simulated acidic rain on yields
of (ield-grown crops. - New Phytol. 91: 429-441, 1982

Fvans, L.S., Lewin, K.IF., Patti, M.J., Cunninghani, E.A.: Productivity of field-grown soybeans
exposed Lo simulated acidic rain, - New Fhytol. 93 377-388, 1983,

Ferenbaugh, R.W.: Effects of simulated acid rain on Phaseolus vulgaris L. {(Fabaceae). - Amer. J.,
Bot. 63: 283-288, 1974.

Fogp, G.E.: Quantitative studies on the wetting of leaves by water. - Proc ray Sne London R134:
503-522, 1947,

Haines, B.L., Jernstedt, J.A., Neufeld, H.S.: Direct foliar cffects of simulated acid rain. 1. Leaf
surface characteristics. - New Phyto!. 9%: 407-416, 1985,

Hindawi, [.7., Rea, J.A., Griffis, W.L.: Responses of bush bean exposed to acid mist. - Amer. |. Bot.
67: 168-172, 1980.

Tkan, R.: Natural Products. A Laboratory Guide. - P. [0]. Academic Press, New York 1969,

Irving, .M., Miller, J.E.. Response of field grown soybeans to acid precipitation alone and in
combination with sulfur diexide. - In: Drablos, .. Tollan, A. (ed.): Ecological Impact of Acid
Precipitation. Pp. 170-171. SNFS, As 1980,

Khemani, L.T., Momin, G.A.. Naik, M.S., Rao, P.S.P, Kumar, R., Ramanamurthy. B.V.; impact of
alkaling particulates on pHl of rain water in India. - Water Air Soil Pollut. 24: 365-376, 1985,

Kohne, Y., Kobayashi, T.: Effect of simulated acid rain on the growth of soybean. - Waler Air Soil
Pollut. 43: 11-19, 1989,

Lee, 1), Neely, G.E., Peuigan, 5.C., Grothaus, L.C.: Lffect of simulated sulfuric acid rain en yicld,
growth and foliar injury of several crops. - Environ. exp. Bot. 21: 171-185, 1981,

Lowry, O.H., Rosebrough, NJ., Farr, A.l., Randall. R.J.: Protein measurement with the Folin
phenol reagent. - J. biol. Chem. 193: 265-275. 1951.

McCready, R M., Guggale, J., Silviera, V., Owens, H.S.: Determination of starch and amylase in
vegetables: Application to peas. - Anal. Chem. 28: 1156-1158, 1950,

Muthuchelian, K., Murugan, C., Harigovindan, R.. Nedunchezhian, N., Kulandaivelu, G.: Growth,
400, tixation, activities of photosyslems, ribulose 1,5-bisphosphate carboxylase and nitrale
reductase in trees as affected by simulated acid rain. - Biol. Plant. 37: 355-362, 1995,

Muthuchelian, K., Nedunchezhian, N., Kulandaivelu, (i.: Effect of simulated acid rain on MCO,
fixation, ribulose-1,5-bisphosphate carhoxylace and nitrate and nitrite reductase in Viegna
sinensis and Phaseolus mungo. - Photosynthetica 28: 361-367. 1993

Neufeld, H.S., Jernstedt, J.A., Haines, B.1... Dircet foliar effects of simulated acid rain. 1. Damage,
growth and gas exchange. - New Phytol. 99: 380-405, 1985,

Norby, R.J., Richter, D.D., Luxmoore, R.J.: Physiological processes in soybean inhibited by
gaseous pellutants but not by acid rain. - New Phytol. 180: 79-83, 1985.

Patterson, DVT., Duke, S.0., Hoagland, R.E.. Effects of irradiance during growth on adaptive
photosynthetic charactcristics of velvetleal and cotton. - Plant Physiol. 61: 402 105, 1078,

Rodhe, H.: Acidification in a global perspective. - Ambio 18: 155-160, 1989,

77



G. KUMARAVELU, M.P. RAMANUJAM

Salisbury, E.J.: On the causes and ecological significance of stomatal frequency with special
reference to Woodland flora. - Phil. Trans. roy. Soc. London B216: 1-65, 1928,

Sharma, N.K., Sharma, K.T., Garg, (G.: Effect of simulated acid rain on Prunus persica, L. - ).
Indian bot. Soc. 73: 135-137, 1994,

" Shoaf, T.W., Lium, B.W.: Improved extraction of chlorophy!l & and & from algae using dimethyl

sulfoxide. - Limnol. Oceanogr. 21: 926-928, 1976.

Shriner, D.S.: Interactions between acidic precipitation and SO, or Oy Effects on plant response. -
Phytopathol. News 12: 153, 1978,

Shriner, 1.8, Johnston, J.W.: Effects of simulated acidified rain on nodulation of Jeguminous plants
by Rhizobivm spp. - Environ. exp. Bot. 21; 199200, 1081,

Thomas, M.S., Hendricks, R.H,, Hill, G.R.: Some chemical reactions of sulphur dioxide after
absorption by alfalfa and sugar beets. - Plant Physiol. 19: 212-226, 1944,

Zar, J.H.: Bio-statistical Analysis. - Prentice-Hall, Englewood Cliffs 1984,

78



