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Abstract. Germination, seedling growth, concentrations of photosynthetic pigments and nutrient 
uptake in Triticum vulgare L. (Var. W-H- 147) were studied in response to sugarmill effluent application 
(10% concentration) in aqueous Vs. soil medium. The effluent rich in various nutrients showed 
particularly high concentration of sodium. Germination was not affected by the effluent treatment. 
Seedling growth was reduced significantly by the effluent in aqueous medium, but not in soil. The 
effluent treatment increased the concentrations of various pigments, however, the pigment ratios 
got changed in the aqueous medium only. The uptake of nitrogen, magnesium and carbon by the 
seedlings decreased while that of calcium, sodium and phosphorus increased in effluent treated plants, 
the changes being more marked in aqueous medium except for phosphorus. In the effluent treated 
plants, uptake of potassium and chloride increased in aqueous medium, but decreased sharply in 
soil. 

1. Introduction 

Utility potential of industrial effluents for irrigation of crop-fields has been a 
controversial proposition due to the contradictory reports obtained on the effects 
of these effluents on crop plant responses (Sutton et al., 1978; Ajmal et al., 1984; 
Fayez and Shahin, 1987). The effects of effluents on plant responses have been 
investigated by several workers in pilot studies conducted in petri-dishes (Behera 
and Mishra, 1982; Ajmal and Khan, 1985) whereas the effect of the effluent on crop 
plants is expected to be different or modified, when applied actually to soil. In the 
present investigation, therefore, the effect of effluent from a sugarmill was studied 
on germination, seedling growth, photosynthetic pigments, biomass and nutrient 
uptake of wheat seedlings grown in aqueous effluent medium and in an effluent 
irrigated sandy loam soil with an objective to see if there are any differences in 
plant responses to the effluent under different experimental conditions. 

2. Materials and Methods 

2.1. EFFLUENT COLLECTION AND ANALYSIS 

The effluent was obtained from a Co-operative Sugar Mill, Rohtak, India, which 
is double carbonation and double sulphitation plant. The liquid effluent, other than 
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molasses, discharged from the mill are collected in an aerated lagoon, diluted ten 
times with canal water, and discharged directly into the soil of the crop fields 
just adjacent to the factory. This diluted effluent (10% concentration) used in the 
present study was chemically analysed using standard methods (Allen et al., 1986; 
Michael, 1986). 

2.2. AQUEOUS AND SOIL CULTURE OF WHEAT SEEDLINGS 

Grains of Triticum vulgare L. (var. W-H-147) a commonly grown cultivar in 
Haryana, India, were surface sterilized with 0.1% HgClz solution. 

For aqueous culture, a total of 12 petri-dishes were grouped into two sets of 6 
each, receiving either 10 ml of distilled water or 10 ml of the 10% effluent. Twenty 
five grains were placed in each petri-dish lined with filter paper and kept at 25 4- 3 
°C in a B.O.D. incubator. 

For pot culture, a total of 12 pots (15 cm high, 13 cm diameter), each with 2 kg 
sandy loam soil were grouped into two sets of six pots each receiving on alternate 
days 250 ml either of distilled water or of the 10% effluent. Pre-soaked grains of 
Triticum were sown into soils prior to irrigation. 

The soil was collected from agricultural fields which was old-alluvium with 
sandy loam texture, having on an average 0.8% organic carbon, 0.06% total nitro- 
gen, 0.04% available phosphorus, 0.25% exchangeable calcium, 0.075% exchange- 
able magnesium, 0.24% exchangeable sodium, 0.06% exchangeable potassium, 
0.07% chloride and 1.0 dsm -1 electrical conductivity. 

Seed germination and seedling growth (upto 12 days) were studied in the two 
experiments. 

2.3. PLANT ANALYSIS 

Photosynthetic pigments and nutrient elements were determined in the leaves/shoots 
of the wheat seedlings grown in aqueous and soil culture, Chlorophyll a, b and 
carotenoids were extracted in 80% acetone and estimated spectrophotometrically 
(Arnon, 1949). Plant organic carbon was determined by rapid titration method 
(Walkley and Black, 1934). Total nitrogen was determined by conversion into 
ammoniacal form using modified Kjeldahl method (Lang, 1958) followed by col- 
orimetric estimation using Nesseler's Reagent (Ballentine, 1957). For the analysis 
of phosphorus, calcium, magnesium, sodium and potassium, the plant materials 
were wet digested (Allen et al., 1986). Phosphorus was analysed by molybdenum 
blue method, calcium and magnesium by EDTA method and exchangeable sodium 
and potassium were estimated by using flame photometer. Soluble chloride content 
in the soil, water and plant material was estimated after extraction by using standard 
AgNO3 titration method (Allen et al., 1986). 

The data were subjected to t-test for testing the significance of differences in 
various parameters due to different treatments. 
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TABLE I 

Chemical characterization of effluent water from sugar 
mill (10% concentration) used in the study 

Characteristics Parameter Value 

pH 8.05 4- 0.022 
Electrical Conductivity (ds m -  1) 12.8 4- 0.0 

Carbonate (meq/1) 1.5 
Bicarbonate (meq/l) 8.5 
Chloride (meq/1) 47.5 
Sodium (mg/1) 3200 
Potassium (mg/1) 40.48 
Calcium (mg/1) 85.3 4- 0.27 
Magnesium (rag/l) 78.1 4- 1.25 
Lead Nil 
Sulphate (mg/1) 280 
Total dissolved solids (mg/1) 2395 
Total suspended solids (mg/1) 65 
B.O.D (rag/l) (5 days at 20 °C) 74 
C.O.D (mg/1) 142 
Oil and Grease (mg/l) 75 

3. Results and Discussion 

3.1. CHEMICAL CHARACTERISATION OF THE EFFLUENT 

Chemical analysis of the effluent (10% concentration) revealed slightly alkaline 
pH and high enrichment of the effluent with nutrients, as shown in Table I. Large 
amounts of the suspended, dissolved and volatile solids seem to be responsible for 
a high B.O.D and C.O.D of the effluent. The cationic concentration was quite high 
with exceptionally high concentration of sodium (3,200 ppm), which may be one 
of the prime pollutants in the sugarmill effluent. Amongst the anions, chloride and 
sulphate concentrations were high. Bicarbonate ions far exceeded the carbonate 
ions. ~ 

3°2. GERMINATION AND SEEDLING GROWTH 

Effluent treatment did not have any adverse effect on percent seed germination of 
Z~iticum vulgare, but there was a reduction in seedling growth in both aqueous 
and soil medium (Table II). Effluent treatment caused 61 to 70% reduction in root 
and shoot length in aqueous medium, whereas the inhibitory effect was less in 
soil, showing a reduction of 21 to 24%, as compared to control. Likewise, the 
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TABLE II 
Germination and seedling growth of Triticum vulgare (12-day old) in response to 
sugarmill effluent treatment 

Aqueous Soil 

Control 10% effluent Control 10% effluent 

Germination 1004-0.0 a* 10040.0 a 100-t-0.0 a 984-0.8 a 
(%) 
Root length 10.5:kl.1 a 3.8+0.9 b 9.8+0.9 a 7.5+1.1 a 
(cm) 
Shoot length 10.8+0.7 a 4.2-4-1.3 b 12.6-4-0.8 ~ 9.9-4-1.2 ~ 
(cm) 
Biomass** 0A4=t=0.02 a 0.09640.02 a 0.16+0.025 a 0.134+0.024 a 
shoot (g) 
Root (g) 0.08-t-0.01 a 0.054-0.008 a 0.12+0.15 a 0.09-4-0.16 ~ 

* Values bearing the same alphabetic subscript for individual parameter do not differ 
significantly (P > 0.05) for t-values. 
** Biomass represents the average dry weight of five plants. 

reduction in plant biomass due to effluent treatment was more (31 to 38%) in 
aqueous medium than that in soil (16 to 25%). The differences in the length of 
shoots and roots in control Vs. effluent treatment were statistically significant only 
in aqueous medium (P < 0.05) but not in soil. Biomass of shoots and roots were 
not affected significantly due to effluent as shown by t-test (Table II). 

Excessive amounts of various ions in the effluent retarded seedling growth in 
wheat. However, the inhibitory action of the effluent was less when applied to soil 
which can be attributed to the buffering capacity of the soil. The organocolloids 
in soils are known to chelate many ions (Marshall, 1973) thereby binding many 
pollutants, which in the aqueous medium were in free soluble form and thus quite 
reactive. 

3.3. PHOTOSYNTHETIC PIGMENTS 

Chlorophyll a, b and carotenoids studied in the leaves of 5, 7, 9 and 12-day 
old seedlings showed greater pigment concentrations in the leaves when grown 
in effluent. The relative concentrations of these pigments in 12-day old seedling 
of Triticum are shown in Figure 1. In aqueous medium, the effluent treatment 
stimulated chl, a, chl. b and carotenoid contents in the leaves by 17, 92 and 20%, 
respectively, whereas in the effluent treated soil there was about 2 to 2.5 times 
increase in pigment concentration of the leaves, as compared to control. 

The relative increase in chl. a, chl. b and carotenoids in response to the effluent 
treatment varied in aqueous and soil medium resulting in different pigment ratios 
(Table III). In aqueous medium, the effluent caused greater increase in chh b as 
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~lg. 1. Relahve Photosynthetzc Pigment concentrations m the leaves of wheat seedhngs under 
ugar-mill effluent treatment (10% concentration) in aqueous and soil medium (pigment concentration 
a respective control taken as 100). 

:ompared to chl. a, thereby causing a drift in the pigment ratios in control vs. 
ffluent treated seedlings. However, the ratios were either identical or showed 
ainor variations in soils, indicating more uniform increase in all the pigment 
oncentrations in response to effluent irrigation. Similar increases in photosynthetic 
,igments have been reported in response to fertilizer factory effluent (Sahai and 
:ahai, 1988). The presence of some essential nutrients in abundance in the effluent 
eems to play a role in increasing the pigment concentrations. Various ions have 
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TABLE III 

Pigment ratios in the leaves of 12 day old seedlings of Triticum in response to 
sugar mill effluent in aqueous and soil medium 

Aqueous medium Soil medium 
Pigment ratio Control t0% effluent Control 10% effluent 

Chl. a/chl, b 1.19 0.72 0.76 0.76 
Chl. a/Total Chl. 0.54 0. 42 0.43 0.43 
Chl. b/Total Chl. 0.46 0.58 0.57 0.57 
Chl. a/carotenoids 138.05 132.6 111.8 108.6 
Chl. b/carotenoids 116.1 185.1 147.1 140.8 

TABLE IV 

Average nutrient uptake by wheat seedlings grown in aqueous and soil culture (effluent concen- 
tration, 10%) 

Nutrient Uptake (rag/plant) 
Aqueous culture Soil culture 
Control Effluent Control Effluent 

Organic carbon 19.47 ~* (100)** 13.9 b (71.4) 31.5 * (100) 27.4 a (86.9) 
Available phosphorus 0.011 ~ (100) 0.014 b (127) 0.016 b (100) 0.023 c (143) 
Chloride 0.44 a (100) 0.74 b (168) 1.28 c (100) 1.08 a (84) 
Calcium 0.12 ~ (100) 0.22 b (183) 0.31 c (100) 0.42 a (135) 
Magnesium 0.29 ~ (100) 0.27 a (93) 0.51 b (100) 0.50 b (98) 
Sodium 0.70 ~ (100) 2.92 b (417) 1.17 c (100) 3.0 b (175) 
Potassium 1.55 ~ (100) 1.67 b (107) 3.55 * (100) 1.87 b (53) 
Nitrogen 0.32 ~ (100) 0.25 b (78) 0.54 c (100) 0.47 a (89) 

* Values bearing the same alphabetic subscript for individual parameter do not differ significantly 
(p < 0.05), based on t-test. 
** Figures in parentheses represent relative values (as % of control). 

b e e n  r e p o r t e d  to  in f luence  the  b o n d a g e  b e t w e e n  p i g m e n t - p r o t e i n - l i p i d  c o m p l e x  in 

the  c h l o r o p l a s t  s t ruc ture  ( S t r o g o n o v  et al., 1970) and  the  s t ruc ture  o f  chl.  a is  m o r e  

l ab i l e  than  chl .  b, and  hence ,  d i f fe ren t i a l  ef fec ts  are  seen.  

3.4. NUTRIENT UPTAKE 

T h e  ef f luent  t r e a tmen t  c a u s e d  c o n s i d e r a b l e  d i f f e rences  in the  u p t a k e  o f  va r i ous  

nu t r i en t s  b y  the  s eed l i ngs  in bo th  aqueous  and  soi l  m e d i u m  the  s ta t i s t ica l  s igni f i -  

c a n c e  o f  w h i c h  is s h o w n  in Table  IV. T h o u g h  d i f fe r ing  in m a g n i t u d e ,  the  pa t t e rn  

o f  i n c r e a s e  o r  d e c r e a s e  in the  nut r ien ts  was  m o s t l y  s imi la r  in bo th  a q u e o u s  a n d  so i l  
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medium. The decrease in carbon, nitrogen and magnesium uptake by the wheat 
seedlings due to the sugar-mill effluent treatment was more marked in aqueous 
medium as evident from the relative values of uptake (71, 78 and 93 in aqueous 
vs. 87, 89 and 89 in soil medium: Table IV). The uptake of calcium and sodium 
was very high in effluent treated seedlings both in aqueous medium (0.22 and 
2.92 mg/plant) and in the soil (0.42 and 3.0 mg/plant), showing relatively greater 
uptake in aqueous effluent medium. The increase in phosphorus uptake due to the 
effluent was on the other hand, more marked when applied to soil. The pattern 
of uptake of potassium and chloride differed in aqueous and soil medium. While 
the effluent treated plants showed 7% increase in potassium and 68% increase in 
chloride uptake, their uptake was decreased by 47 and 16% respectively, in soil. 

Overstreet and Dean (1973) reported increased availability of phosphates in the 
presence of soluble salts and organic matter which are found to be high in the 
sugar-mill effluent. Excessive uptake of sodium and calcium by the seedlings in 
the nutrient rich effluent medium is comparable to the behaviour of many plants 
exposed to high salt concentrations which is attributed usually to the osmoregu- 
latory adaptive response of plants under high salinity (Kaushik, 1990) and that is 
obtained at the cost of growth (Sinha et al., 1986). Reduced growth and biomass of 
the plants under salt stress due to extra expenditure of energy for active ion uptake 
and oxidation of the photosynthetic assimilates (Bernstein, 1975) explains as to 
why in spite of greater concentration of photosynthetic pigments in the seedling, 
the growth and dry matter production of the wheat seedlings were reduced under 
effluent treatment. 

The soil used for experimentation showed a high concentration of exchange- 
able sodium and low potassium concentration, a situation met commonly in the 
soils of semiarid regions and the effluent used also had a higher concentration of 
sodium than potassium. Thus, the plants were exposed to high sodium stress in the 
medium. Reduced uptake of potassium in comparison to sodium seems to be due 
to competitive inhibition of K + by high Na + concentration in the medium. 

In semi-arid regions like the present site at Rohtak, where economic use of 
water is warranted, diluted effluents of sugar-mills may be used for irrigation. The 
present study shows that the pollutants present in the effluent get buffered in the 
soil to an extent that no significant adverse effect on seedling growth is observed. 
However, sprinkling irrigation with effluent is not proposed since direct contact of 
the effluent with plant surfaces may be harmful to the seedlings. 
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