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1 - Scanning Elecron Microscope
2 - CHNOS Elemental Analyzer
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Fig 1- Scanning electron microscope image of Sugercan bagasse made biochar
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Fig 2- FT-IR Sugercan bagasse made biochar at 550 °C
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Table 1- Some of physical and chemical properties of soil
under study
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Table 3- Analyses of variance of effect of treatments and plant parts on cadmium and lead concentration in maize plant
Mean sum of Squers

Source of Variation Df Olaypo Egoome (miibe
Oyt galie @yl a2y Cadmium Concentration  Lead Concentration
Reph(fate 2 0.0380™ 0.618"™
LSS
Treat t
rea njen 3 472.30** 68030.08 **
oS
Plant Part 1 100,65 ** 19753.06 **
2lS plyl
Treatment * Plant Part ” ”
oS Ll o 3 244.16 33835.71
Error
s 14 0.04 1.03

M gize BWB] 3559 pie 5 740 o )3 45 Jme iglds N prlaws jd I dime CgldS o3 SANS 4 ¢ b
##,% and ns, significant difference at 1%, significant difference at 5% level and no significant difference respectively
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Fig 3- Intraction effect of treatments and plant parts on cadmium concentration in maize plant grown in contaminated soil
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Fig 4- Intraction effect of treatments and plant parts on lead concentration in maize plant grown in contaminated soil
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Table 4- Analysis of variance of effect of treatments on transfer factor (TF) and bioacumulation factor (BF) of cadmium and
lead in maize plant

Source of Variation Df Mean sum of squers
Ol s @ilio @33l aa p Olaype ggoome (iSke
TF Cadmium BF Cadmium TF Lead BF Lead
Popodls JUII jeS8  09p0dl8 (Jwwj good yg 0y JUHT pe 0 S j e S E
Replicate )
LSS 0.0019" 0.00015" 0.0145" 0.00036"
Treatment
e 3 0.018" 0.002" 0.009" 0.002™
Error
[ 6 0.003 0.000001 0.003 0.0003

I gme BWB] 3939 pde 9 40 o ) 45 me iglds N pedaws jd 5 dime CgldS ol SANS 4 s ok
##,% and ns, significant difference at 1%, significant difference at 5% level and no significant difference respectively
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Fig 5- Effect of treatments on transfer factor of cadmium in maize plant grown in contaminated soil
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Fig 6- Effect of treatments on bioaccumulation of cadmium in maize plant grown in contaminated soil
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Fig 7- Effect of treatments on transfer factor of lead in maize plant grown in contaminated soil
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Fig 8- Effect of treatments on bioaccumulation of lead in maize plant grown in contaminated soil
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Table 5- Analysis of variance of effects of treatments on chlorophyll content, leaf area, height, shoot and root dry weight of
maize plant in cadmium contaminated soil

Source of Variation Mean sum of Squres

Oyt 2l Df Slay o ggoieo (il
31425 Chlorophyll Index  leafarea  Height of Plant  shoot dry weight ~ Root dry weight
Jedg 5 sl S g ol gl 2192 plal S (139 Al S 059
Replicate
S 2 12.621™ 31.34m™ 8.45M 0.067m 0.175™
J
Treatment . s "
. 3 516.16 ** 15810.38 ** 315.66%* 5.95 == 2.07 **
s
Error
s 6 3.02 10.47 13.91 0.09 0.01
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# and ns, significant difference at 1%, significant difference at 5% level and no significant difference respectively
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Table 6- Analysis of variance of effects of treatments on chlorophyll content, leaf area, height, shoot and root dry weightof
maize plant in lead contaminated soil
Mean sum of Squres

Source of Variation Df Olay o 050 (miibo
Ol ptd 2alie sla>,>  Chlorophyll Index leafarea  Height of Plant  shoot dry weight ~ Root dry weight
Jo 5 Ll Sy gl olS glis | lep pladl LS (439 ) SS9
Replicate
L5 2 6.27" 20.68"™ 4.45m 0.075" 0.0138™
J
T
reaLiT'ent 3 555.12 2808.80 ** 139.79 ** 517.96 ** 247 *
e
Error
s 6 2.39 7.28 5.98 3.15 0.01
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#%,% and ns, significant difference at 1%, significant difference at 5% level and no significant difference respectively
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Fig 9- Sugercan bagasse made biochar effect on chlorophyll index of maize plant in a cadmium contaminated soil

350 - a
3, & 00 ab
) g 250 | be
v E 200 - c
~ = 150 -
< 50 -
:: E U T T T
)= D N Q
> & St & SN
S & o O
altes glales

pgredls 4 0391 S 13 S5 s (41500 2 Sl L jlagm iU -V USS
Fig 10- Sugercan bagasse made biochar effect on leaf area of maize plant in in a cadmium contaminated soil
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Fig 11- Effect of Sugercan bagasse made biochar on maize plant height in a cadmium contaminated soil
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Fig 12- Sugercan bagasse made biochar effect on shoot dry weight of maize plant in a cadmium contaminated soil
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Fig 15- Sugercan bagasse made biochar effect on maize plant leaf area in a lead contaminated soil
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Fig 16- Sugercan bagasse made biochar effect on maize plant height in a lead contaminated soil
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Fig 17- Sugercan bagasse made biochar effect on shoot dry weight of maize plant in a lead contaminated soil
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Fig 18- Sugercan bagasse made biochar effect on root dry weight of maize plant in a lead contaminated soil
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Introduction: Among wide variety of soil pollutants including heavy metals, acidic precipitation and other
toxicants, the importance of heavy metals due to their pollution capacity has received growing attention in recent
years. These metals enters into soil through municipal and industrial sewage as well as direct application of
fertilizer and pesticides. High cadmium and lead concentration in soil lead to severe environmental pollution.
Such pollution not only has a destructive effect on crop yield but also endangers human being and other
creatures’ health after entering in their food chain. Several physical, chemical and biological methods used to
reduce the adverse effect of high concentration of heavy metals in soil. In spite of the hight cost, these methods
are not always suitable for reclamation of small area and mostly have side effect on physico-chemical and
biological characters of soil, after application. Biochar produced by thermal decomposition of biomass in the
absence or presence of low oxygen. These material due to their high spacific surface area and high cation
exchange capacity may have great ability to absorb charged material including heavy metals. Therefore in this
study attempt is made to evaluate the effect of sugarcane bagasse —derived biochar in improving maize plant
growth in cadmium and lead contaminated soils.

Material and methods: This study was carried out during the year 2014 in two separate experiments in
Shahid Chamran university. The treatments in each case consisted of two levels of sugarcane bagasse made
biochar (0 and 4 percent by weight) in combination with each soil, properly contaminated with 50 and 100 mg
cadmium per kg soil in first experiment and 500 and 1000 mg lead per kg soil in the second. The treated soils
were applied to pot and arranged in a complete randomized block designe and replicated 3 times. Prior to
introduction of soil to pots, the heavy metal contaminated soils with moisture content around 70 percent of F.C.
were incubated for 30 days. During incubation period sugarcane bagasse was dried, milled, sieved, compacted
and subjected to traditional furnace at 550 °c for 3 hours on low pyrolysis. The furnace temperature was
controlled manually using lesser thermometer. The furnace cooled down and the collected sugarcane bagasse
made biochar sieved again. The incubated soil mixed with proper amount of sugarcane bagasse made biochar
and incubated under previous condition for 45 days. The treated soils were poured to the labeled pots and 3
maize seeds were sown in each pot and two weeks after emergence thinned to one plant per pot. Nineteen days
after sowing, the height of the plants and chlorophyll index were recorded and plants were harvested and leaf
area of each plant was recorded, maize root content of each pot were carefully separated from soil and along
with shoot property washed, dried, weighed and after milling subjected to chemical analysis. Prior to sowing
maize seeds some of physic- chemical properties of untreated soil were estimated. Furthermore few
charactoristics of sugarcane bagasse made biochar including pH and EC in 1 : 10 solution of biochar to water
recorded. N, C, H, O concentration were estimated by elementary analyzer. Cation exchange capacity of
sugarcane bagasse made biochar was measured by ammonium acetate method. Moreover its functional group
determined by FT-IR method. Specific surface area estimated as per Branuar Emmet Teller (BET) method.
Sugarcane bagasse made biochar image was obtained from scanning electron microscope. Cadmium and lead
concentration in root and shoots were estimated by atomic absorption spectrometer after wet digestion. SAS
software was used for statistical analysis data which fallowed by Duncan test to compare the mean values.

Results and discussion: The results showed that implementation of cadmium and lead led to decrease in
chlorophyll index, leaf area, height of plant and root and shoot dry weight significantly. But the sharp decline in
the concentration of cadmium and lead in root and shoot after sugarcane bagasse made biochar application
improved chlorophyll index, leaf area, height of plant, root and shoot dry weight. Application of 4% Sugarcane
bagasse made biochar, decreased transfer factor (TF) and bioaccumulation factor (BF) of these elements
compared to control. The results showed high capability of sugarcane bagasse made biochar to absorb cadmuim
and lead and reduce their availability to plant respectively. In fact application of sugarcane bagasse made biochar
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dwindled cadmium and lead absorption as well as their transfer factor and bioaccumulation factor, and hence
improved plant growth.

Conclusion: The results obtained after sugarcane bagasse made biochar application mainly initiated due to
high cation exchange capacity of which eventually was created by large number of functional groups in its high
specific surface area (table 2) to stabilize cadmium and lead and render them unavailable to plant and hence
improve its growth.
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