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ABSTARCT 
The disposal of wastes generated from the paper industries in landfills is of worldwide concern over 
the last ten years.  The application of treated effluent / sludge to grow short term rotation intensive 
biomass plantations are one promising solution to the waste disposal problem that can provide 
economic benefits to the industry. Keeping this in view, the present experiment was conducted using 
Swietenia  macrophylla, , Khaya senegalensis and  Acacia auriculiformis as test plants which are 
salt tolerant, fast growing and can with stand adverse climatic conditions. Further, it is one of our 
interests to study the effect of paper mill wastes on the growth of these tree seedlings under the 
various stress conditions. The correlation studies showed that there was a close association between 
the plant and other growth parameters like stem diameter, stem dry weight, root dry weight, leaf dry 
weight and root stem ratio and therefore, the superiority of treated effluent applied soil showed its 
marked and similar influence on other plant growth parameters than the rest of the treatments. 

Key Words :  Paper industry, Disposal, Landfill, Biomass, S. macrophylla, K. senegalensis, 
A.auriculiformis 

 
INTRODUCTION 

The paper industry is one of the largest industries 
in India, consuming large amount of water.1 The 
effluent generated is normally considered to be 
highly polluting and the presence of the 
chemicals from the effluent may affect soil and 
in turn the growth and development of plants.2 
But for the mills using waste paper as a raw 
material, the treated paper mill effluent is 
successfully being used for irrigation purpose 
and in many cases even a gain in crop yield has 
been reported.  Studies on the effect of paper mill 
effluent on various crops have been carried out 
by various investigators.3-9 Growth is one of the 
important properties of living organisms. 
Changes in a phenotype during the growth period 
can be modeled via growth curves, such as 
generalized logistic, logistic or Gompertz growth 
curves. Behavior of the growth curves can 
change according to living organisms, the 
phenotype to be studied and environment to 
which it is exposed. To be able to evaluate 
growth data properly, it is required to select a 

suitable growth curve and its parameters should 
be able to be interpreted biologically.10  

AIMS AND OBJECTIVES 
To compare the growth curves of tree seedlings 
height and biomass under stress conditions. A 
pot culture experiment was conducted to evaluate 
the effect of effluent and sludge on soil 
fertilization and possible reutilization of wastes 
to enhance the biomass production using tree 
seedlings. The study was undertaken in Cholan 
Paper and Board Mills Ltd. at Pukkathurai 
Village, Madhurandhagam Taluk, Kanchipuram 
District, Tamil Nadu, India 

MATERIAL AND METHODS 
Selection of seedlings 
The seedlings of three tree species namely 
Swietenia macrophylla, Khaya senegalensis and 
Acacia auriculiformis were collected from the 
State Forest Research Institute, Kolapakkam near 
Chennai, India. The three month old seedlings 
were selected for the study. The pot culture 
experiment was conducted at Cholan paper mill 
in Pukkathurai, Tamilnadu, India.    *Author for correspondence 
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The tree seedlings of Acacia auriculiformis is 
commonly called as black wattle. Native range of 
this tree is Northern Australia (Source: Purdue 
University New CROP web site). Swietenia 
macrophylla is commonly called as Honduras 
mahogany. The native range of this tree is 
Mexico, Central and Northern South America 
(Source: U.S Department of Agriculture web 
site:- http:usda.gov/cgi_bin/plant). The Khaya 
senegalensis is commonly called African 
Mahogany. The native range of this tree is West 
Africa. These salt-tolerant forest tree species are 
commonly used for fuel wood and ornamental 
purposes, which has a dense root system and can 
grow on poor soils including clay, limestone and 
unstable sand dunes, even soil tainted with 
uranium wastes and waste logged soil. They can 
also survive under natural calamities like fire, dry 
spells and seasonal variations.  These trees 
prevent soil erosion because of their extensive 
and dense roots and heavy leaf litter.  These trees 
recover wastelands and provide shade for other 
plants to take hold and also provide shelter for 
animals, as well as epiphytic plants. Among 
these, Acacia is also used as pulp for making 
paper and gives high yields of pulp and produces 
quality paper.  
The pot culture experiment includes four 
treatments viz., control, raw effluent, treated 
effluent and sludge amended soil. The pots were 
filled with eleven kilograms of soil and the 
details of the soil samples used for different 
treatments are as follows : Control (soil collected 
from land adjacent to paper industry), raw 
effluent treatment (soil collected from land 
adjacent to paper industry), treated effluent 
treatment (soil collected from land adjacent to 
paper industry) and treatment of sludge 
amendment (soil collected from sludge dumped 
site).   The three month old tree seedlings were 
planted in the pot at the rate of one seedling/pot. 
The experiment was laid out in a factorial 
randomized block design consisting of three tree 
seedlings, four treatments and three replications. 
The pots were irrigated with two liters of fresh 
water (control and treatment of sludge 
amendment), raw effluent (raw effluent 
treatment) and treated effluent (treated effluent 
treatment) on alternative days and continued until 

the termination of the experiment (360 DAP). By 
visual  comparison  of  the  plant  height, a best  
plant from each treatment (among the three 
replications) was selected for the observation. 
Biometric observations 
The biometric observations like plant height, 
stem diameter, leaf dry weight, stem dry weight, 
root dry weight and root stem ratio have been 
observed as detailed below. 
Plant height 
The tree seedlings were allowed to grow for 360 
days and were harvested. Among the biometric 
observations, the plant height was recorded at 
three months until harvest (360 DAP). The plant 
height was measured from the distance between 
the collar and the tip of the primary shoot and 
expressed as cm-1 plant. 
Stem diameter 
Stem diameter was measured at 360 DAP by 
using Vernier Calliper and expressed in cm. 
Leaf dry weight  
After the termination of the experiment, the 
leaves were plucked from each plant separately. 
A part of the leaves was retained for biochemical 
analysis and the remaining leaves were dried at 
60oC – 70oC for 48 hours and weighed using a 
digital balance.  
Stem dry weight 
After the termination of the experiment, the stem 
was cut into small pieces and dried at 60oC - 
70oC for 72 hours and the stem dry weight was 
recorded. 
Root dry weight 
The entire root system was collected from pots 
after harvesting and gently washed with tap 
water to remove the adhering soil particles. The 
dry weight of the roots was recorded after drying 
at 60oC - 70oC for 72 hours in a hot air oven. 
Root : Stem ratio 
Root stem ratio is calculated by using the dry 
weight of root and stem. 

Root : Stem ratio =    Root dry weight (g)
 

   Stem dry weight (g) 

RESULTS AND DISCUSSION 
The response of selected tree seedlings (90 
days after sowing) namely S. macrophylla, K. 
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senegalensis and A. auriculiformis for the 
application of different treatments (control 
(T1), raw effluent (T2), treated effluent (T3) 
and sludge amendment (T4)) have been 
studied. The growth of the seedlings under 
different treatments was observed periodically 
at 90 days interval until the termination of the 
experiment (450 days after sowing). 
The growth pattern of the tree seedlings has 
been identified and described using plant 
growth models to assess the effects of paper 
mill effluent and sludge on plant growth.  The 
assumptions of the study are : The growth is 
assumed to have some parameters which are 
common to all treatments, some parameters are 
specific to the treatments, the presence of 
random error, environmental fluctuations and 
treatmental effect . 
The assumptions of linear relationship between 
any two variables in biological materials 
seldom hold. As an example, it is a normally 
observed behavior of plant growth over time. 
The word ‘grow’ means nothing more than to 
live or even to exit.  The growth is an increase 
in size i.e height, its quantity, degree, power 
etc. Now we can presume that the growth 
describes irreversible changes with time.11 
Plant growth rate is rapid when the plant is 
young and declines considerably when the 
plant becomes older according to the statement 
of Gomez and Gomez.12 Therefore, the 
relationship between plant growth (as 
measured by height or dry weight) and plant 
age is not linear over the whole life cycle.  In 
addition, the crop growth response is generally 
limited, by the ranges of the treatments under 
test and this range is fairly narrow in most 
controlled experiments. Therefore, the 
assumption of linearity is generally satisfied in 
most of the controlled experiments.  But in 
reality this relationship does not hold well. 
For the present study, several growth models 
have been applied to identify the best-fit 
model, which describes the intrinsic growth of 
the seedlings over time in response to various 
treatments.  The ‘error’ and R2 value are used 
as the criteria for selecting the model. Based 
on the results of SE and R2 value, the 
Richard’s growth model has been found to be 

the best fit model among the models tried for 
describing the growth of tree seedlings under 
study using “Curve Expert 1.3” package 
(Daniel Hyams, Hixson, TN 37343, U.S.A).  
The values of various parameters of Richard’s 
growth model are given in Table 1. 
The Richard’s growth model equation is  
Y = a / [1 + e(b-cx)(1/d)] 
Where, y- is the plant height : x- is age :  a, b, 
c and d-  are constants. 
From the fitted equations of Richard’s growth 
model, the plant height can be simulated over 
time and is of much use for comparative and 
descriptive purposes.  
The effect of age and treatments on plant height 
for three tree seedlings have been identified 
using ANOVA Table and the results are 
presented in Table 2 and Fig. 1. From the results, 
it was observed that the pattern of growth as age 
advances in response to different treatments is 
similar in all the three tree seedlings. However, 
the rate of growth differs at various stages of 
sampling for various treatments and also for the 
tree seedlings under study. The interaction effect 
among species, treatment and month was also 
found to be significant at 1 % probability level. 
The analytical results of mean plant height 
indicated that there was a significant difference 
in plant growth among the treatments (Table 2). 
Plant height of the tree seedlings at 450 DAS 
(Days after Sowing) ranged from 42.70 cm to 
61.83, 39.63 to 60.57 cm and 93.50 to 176.23 
cm in S. macrophylla, K. senegalensis and A. 
auriculiformis respectively.  
Irrespective of the tree species, treated effluent 
applied soil recorded the maximum plant height 
when compared to all other treatments. It is 
interesting to note that the plant height of raw 
effluent applied soil was found to be lower than 
that of the control. Among the tree species, 
better performance was observed in A. 
auriculiformis when compared to that of the 
other two tree seedlings.  Normally the plant 
height is not only the factor which indicates the 
response of the treatments. There are some 
closely associated parameters like stem 
diameter, root dry weight, stem dry weight, lead 
dry weight, root stem ratio etc. For information  
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about the treatment response with biometric 
parameters, two way ANOVA technique was 

adopted to explain the plant growth (Table 3 
and Fig. 2).   

 Table 1 : The calculated parameter values of Richard’s growth model for three 
tree seedlings 

Treatments 
Parameters 

Fitted equation a b c D 
 

Swietenia macrophylla 
a 

y =        
              (1 + e(b-cx))1/d 

T1 44.395 10.206 0.028 10.689 
44.395 

y =     
       (1 +  e(10.206-0.028x  ))1/10.688 

T2 43.968 08.153 0.021 08.599 
43.968 

y =     
       (1 +   e(08.123-0.021x  ))1/08.599 

T3 61.904 24.415 0.068 19.303 
61.904 

y =     
       (1 +  e(24.415 -0.068 x))1/19.303 

T4 58.022 20.096 0.055 16.062 
58.022 

y =     
       (1 +  e(20.096-0.055 x ))1/16.062 

 Khaya senegalensis  

T1 51.624 13.538 0.037 20.719 
51.624 

y =     
       (1 +  e(13.538-0.037 x ))1/20.719 

T2 39.833 11.133 0.028 29.752 
39.833 

y =     
       (1 +  e(11.133-0.028x  ))1/29.752 

T3 61.342 08.521 0.023 11.278 
61.342 

y =     
       (1 + e(08.521-0.023x  ))1/11.278 

T4 56.652 05.202 0.016 06.102 
56.652 

y =     
       (1 + e(05.202-0.016x  ))1/06.102 

 Acacia auriculiformis  

T1 131.589 1.116 0.0098 0.558 
131.589 

y =     
       (1 + e(1.116-0.0098 x ))1/0.558 

T2 97.9898 1.466 0.010 0.909 
97.9898 

y =     
       (1 + e(1.466-0.010 x ))1/0.909 

T3 185.742 1.666 0.011 0.593 
185.742 

y =     
       (1 + e(1.666-0.011 x ))1/0.593 

T4 150.233 0.792 0.008 0.445 
150.233 

y =     
       (1 +  e(0.792-0.008x  ))1/0.445 
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Table 2 : Effect of paper mill wastes on growth of tree seedlings [plant height (cm)] 
 
 
 
 
 
 
 
 
 
 
 
 

 ** Significant at 1% level      T1 – Control,   T2 – Raw effluent irrigation ,  T3 – Treated effluent irrigation and T4 – Sludge amended soil  
 

 

 

Factorial effect SE CD  S.Level 

Species 0.67 1.32 ** 

Treatment 0.77 1.53 ** 

Month 0.86 1.70 ** 

Sps.x treatment 1.34 2.65 ** 

Treat x month 1.73 3.42 ** 

Sps.x Month 1.50 2.96 ** 

Sps.x Tre.x month 2.99 5.92 ** 

 
Treat- 
ments 

S.macrophylla K.senegalensis A.auriculiformis 

T. 
Mean 

S1 S2 S3 
90  

Days 

180  

Days 

270  

Days 

360  

Days 

450 

Days 

90 

Days 

180 

Days 

270 

Days 

360 

Days 

450 

Days 

90 

Days 

180 

Days 

270 

Days 

360  

Days 

450  

Days 

 
T1 21.90 26.57 34.47 40.93 44.00 31.67 36.50 43.37 49.37 51.53 30.40 62.80 92.00 114.20 122.97 53.51 

 
T2 21.47 25.63 32.87 38.73 42.70 30.07 32.00 35.70 38.07 39.63 32.30 54.00 75.00 86.13 93.50 45.19 

 
T3 24.73 31.03 45.43 59.63 61.83 34.70 41.60 49.73 57.23 60.57 30.90 77.93 128.40 161.87 176.23 69.45 

 
T4 24.13 28.60 42.80 55.07 58.00 30.50 38.00 46.43 52.53 55.47 30.30 60.30 92.00 122.30 134.23 58.04 

Month Mean 23.06 27.96 38.89 48.59 51.63 31.74 37.03 43.81 49.30 51.80 30.98 63.76 96.85 121.13 131.73 56.55 
Sps.Mean 38.02 42.73 88.89 56.55 
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Table 3 : Effect of paper mill wastes on biometric parameters of tree seedlings 

Factorial effect SE CD S.Level 
Variable 0.454 0.897 ** 
Treatments 0.371 0.733 ** 
Species 0.321 0.634 ** 
Variable x Treatment 0.908 1.794 ** 
Variable x Species 0.786 1.554 ** 
Species x Treatment  0.642 1.269 ** 
Variable x  Species x Treatment 1.572 3.108 ** 

 

Treatments S.macrophylla K. senegalensis A.auriculiformis 
V1 V2 V3 V4 V5 V6 V1 V2 V3 V4 V5 V6 V1 V2 V3 V4 V5 V6 

T1 44.00 1.10 10.00 16.33 3.27 0.23 51.53 3.10 12.00 32.67 15.00 0.59 122.97 1.60 35.33 26.33 9.00 0.34 

T2 42.70 1.00 8.00 14.00 2.65 0.24 39.63 2.99 9.00 28.00 11.50 0.67 93.50 1.27 32.00 24.67 8.00 0.32 

T3 61.83 1.40 12.00 19.67 6.00 0.31 60.57 3.50 18.00 39.33 20.00 0.61 176.23 2.00 42.00 29.67 11.10 0.37 

T4 58.00 1.17 11.33 17.00 4.67 0.28 55.47 3.33 16.00 36.00 18.00 0.59 134.23 1.80 37.33 28.00 10.10 0.32 

** - Significant at 1% level       
V1- Plant Height (cm),      V2- Stem diameter (cm),  V3- Leaf dry weight (cm),     V4- Stem dry weight (cm),    V5- Root dry weight (cm),    V6- Root Stem Ratio (cm) 
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Fig. 1  : Growth pattern of tree seedlings after treatments  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Biomass characteristics of tree seedlings 
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From the results, it was observed that the stem 
diameter of the tree seedlings grown on treated 
effluent applied soil was found to be the highest 
in all the three tree species (1.40 cm in 
S.macrophylla, 3.50 cm in K.senegalensis and 
2.00 cm in A. auriculiformis). Among the tree 
species, K.senegalensis was found to have the 
higher stem diameter than the others. A similar 
trend was observed in the case of the effect of 
treatments on stem diameter in all the tree 
species. 
In the paper mill treated effluent applied 
treatment, the stem dry weight was found to be 
19.67g in S.macrophylla, 39.33g in 
K.senegalensis and 29.67g in A.auriculiformis 
and was found to be the higher than other 
treatments. K.senegalensis recorded the 
maximum stem dry weight in all the treatments 
when compared to the other two tree seedlings. 
Similar trends have been observed with respect 
to the effect of treatments on stem dry weight in 
all the three tree seedlings. The results revealed 
that the root dry weight of the seedlings grown 
on treated effluent applied soil was found to be 
the highest in all the three tree species (6.00g in 
S.macrophylla, 20.00 g in K.senegalensis and 
11.10g in A.auriculiformis). As observed in other 
growth parameters, the root dry weight of 
K.senegalensis proved to be dominant when 
compared to the other two tree seedlings. 
The leaves dry weight of the tree seedlings varied 
from 8.00g in the raw effluent applied treatment 
to 12.00g in treated effluent applied treatment in 
S.macrophylla. Due to treated effluent 
application, the dry weight of the leaves 
increased from 9.00g (T2) to 18.00g (T3) in 
K.senegalensis and increased from 32.00g (T2) 
to 42.00g (T3) in A.auriculiformis. In contrast to 
the other growth parameters, A.auriculiformis 
recorded the highest leaves dry weight when 
compared to the others. However, the effect of 
treatment on leaves dry weight was similar in all 
three tree seedlings. 
The root stem ratio of the tree seedlings varied 
from 0.23 in the control to 0.31 in the treated 
effluent applied treatment in S.macrophylla. Due 
to the treatments the root stem ratio increased 
from 0.59 to 0.67 in K.senegalensis. Among the 
three tree seedlings, the performance of root 
growth was found to be highest in K.senegalensis 
followed by A.auriculiformis and S.macrophylla 

and the stem growth recorded was in the reverse 
order. 
In general, the comparisons between the species 
and treatment for several variables indicate that 
plants grown on treated effluent was found to be 
superior than the  others followed by plants 
grown on sludge amended soil, control and raw 
effluent treatment. A similar trend of influence of 
treatments on biomass was observed in all the 
three trees species.  
In the present study, an attempt has been made to 
evaluate the effect of paper mill effluent and 
solid waste on the performance of three tree 
seedlings viz., S. macrophylla, K. senegalensis 
and A. auriculiformis. The periodic growth of the 
three seedlings was recorded on every 90 days 
interval.  We have modeled the plant growth 
(height) of the tree seedlings and the parameters 
are  presented in Table 2. In the present study 
various curve fitting procedures (Weibull model, 
Saturation growth model, Exponential 
association and Richards Model) were tried to fit 
the data which are obtained from the experiment. 
From the results it was concluded that the 
Richardson’s growth procedure has less error and 
hence we have applied this procedure for the 
growth analysis of the three tree seedlings. 
The Richards equation describes the 
development of any non-diminishing tree 
dimension y (such as diameter or height) as a 
function of a single variable-age. This 
description is highly artificial because it 
presumes that all other factors of growth are 
constant and that the development is a 
predetermined unfolding of some innate design.   
Despite this limited sensitivity to growth 
conditions, the Richards model and similar 
models are a valuable tool in modeling of real 
trees and stands that are subject to environmental 
fluctuations. The equations are smooth over these 
cyclic or random deviations and present a refined 
picture of growth that facilitates both 
management and understanding.  The mean 
height on 450th day growth of S. macrophylla, K. 
senegalensis and A. auriculiformis were 41.72 
cm, 44.57 cm, and 88.90 cm respectively.  The 
effect of age and treatments on plant height for 
three tree seedlings showed that the plant height 
increases as the days increase in response to the 
different treatments. This is similar in all the 
three tree seedlings of different inherent growth  
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pattern.There was a significant and profound 
influence of different treatments on plant height 
at different stages of plant growth. However, the 
rate of growth differs at various stages of 
sampling for various treatments, which depends 
on the nutrients supply to the plants by various 
treatments.The seedlings grown on the treated 
effluent irrigated soil recorded the maximum 
plant height when compared to other treatments 
in the three tree species tried. Due to the 
treatment of raw effluent, the negative effects of 
sodium ions have been nullified considerably and 
thereby improving the uptake of important 
nutrients from the treated effluents to enhance the 
plant height.  
It was observed that the raw effluents 
significantly alter the seedling growth especially 
the plant height. It is interesting to note that the 
plant height of raw effluent applied soil was 
found to be lower than that of the control. The 
main reason for this is the tendency of water 
borne sodium to accumulate in the paper mill 
raw effluent irrigated soil and can have strong 
negative effects on soil structure. This 
deterioration of soil structure can result in 
reduced infiltration, poor soil aeration and 
increased resistance to root expansion and 
thereby reduced nutrient availability to plants. 
The tree growth may be negatively affected 
because of the impact of sodium on enzyme 
activity and the nutritional and hormonal balance 
of plants.13 The findings of Howe and Wagner 14 
also corroborate with the results of the present 
study on plant growth in response to the 
application of treated effluent. 
The seedlings grown on sludge amended soil had 
a positive effect.  In general the sludge has been 
associated with positive or negative effects on 
plant growth. In the present study, sludge soil 
amendments significantly increased plant growth 
than control but not to the extent  
of treated effluent application14. When compared 
to that of the other two tree seedlings, better 
performance was observed in A. auriculiformis 
which is due in part to the nature of its salt 
tolerance  capacity and also perhaps the nitrogen 
fixing ability of the species that promote the 
plant growth especially plant height (Source: 
http: // plants.usda.gov/cgi_bin/plantprofile, 
2000).  

Many measurements demonstrated the 
competitive superiority of Acacia auriculi-
formis’s competitive superiority during the 
growth and development phase when compared 
to the other two species.  Moreover, the plant 
height of A.auriculiformis was higher than others 
further suggesting that intraspecific competition 
(for light) was a stronger force on A.auriculi-
formis’s  growth than interspecific competition. 
It is evident that the A.auriculiformis stands were 
approaching a maximum of growth and 
presumably treatment ability. Variation in the 
size of organs results from changes in hydration, 
temperature and growth. Size variation caused by 
recurrent shrinking and swelling that are a 
function of the changing levels of hydration, may 
greatly exceed those resulting from daily growth 
of tissues.15 Shrinking and swelling takes place in 
extensible tissues found mainly in narrow ring 
outside the dead xylem vessels,16,17 given that 
xylem tissues are almost totally rigid.   
From the results, it was observed that the stem 
diameter of the tree seedlings grown on treated 
effluent applied soil was found to be the highest 
in all the three tree species. On the long-term 
basis stem diameter variation depends on growth. 
Water influx into the cells leads to irreversible 
changes in volume if it is accompanied by cell 
wall extension. As there is a increased stem 
diameter there is a corresponding increase in 
water and nutrient uptake as resulted in increased 
growth of tree species.  The stem diameter 
variations were assumed to be the result of 
changes in water storage and temperature as well 
as growth.  Among the tree species K.senegal-
ensis was found to have the highest stem 
diameter than others. Similar trend was observed 
with respect to the other growth parameters like 
stem dry weight, root dry weight, leaf dry weight 
and root stem ratio in response to various  
treatments and tree species. From this study it is 
also be recommended that appropriate dilution of 
the effluent of paper mill could be used for 
irrigation in the field to enhance the productivity 
of trees. 

CONCLUSION 
Results were subjected to various growth models 
like linear, weibull, exponential Richardson 
model and saturation models to analyse the 
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growth pattern of tree seedlings in response to 
various treatments over time.  It was found that 
Richardson growth model was the best fitted 
model for describing the growth of the tree 
seedlings. The maximum growth was observed 
in A.auriculiformis followed by K. senegalensis 
and S.macrophylla in treated effluent irrigated 
soil.  However, the other treatments also 
influenced the plant growth and the pattern was 
not found to be uniform.  The correlation studies 
showed that there was a close association 
between the plant and other growth parameters 
like stem diameter, stem dry weight, root dry 
weight, leaf dry weight and root stem ratio and 
therefore the superiority of treated effluent 
applied soil showed its marked and similar 
influence on other plant growth parameters than 
the rest of the treatments.  
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