Journal of Environmental Sciences, 2015; Vol. 44, No. 3 : 443-453

UTILIZATION OF WASTEWATER TREATED WITH RICE HUSK
BIOCHAR FOR IRRIGATION AND PRODUCTION OF RICE PLANT

M. E. Abu Ziada'; I. A. Mashaly'; A. F. Abd Elkhalik™";
H. M. El-Sharkawy  and H. A. El Sherbiny

*
Botany Department, Faculty of Science, Mansoura University, Egypt.

FZ3
Agricultural research center, Cairo, Egypt.

ABSTRACT

A greenhouse pot experiment was conducted during the rice growing season (mid- May to
mid-October 2012) at Rice Research and Training Center (Sakha, Kafr- El Sheikh Governorate,
Egypt) to evaluate the effect of wastewater irrigation on rice growth, development and productivi-
ty. Cadmium and lead contents of different rice plant organs including the grains were also de-
tected. The results revealed the profitability of using wastewater for rice plant irrigation. The
growth and yield parameters were increased with irrigation by untreated wastewater than by the
treated wastewater. Cadmium and lead contents in the rice plant organs and used soil were
higher by wastewater than by wastewater previously treated with rice husk biochar. These find-
ings elucidate the efficiency of rice husk for wastewater purification especially from cadmium
and lead. Wastewater irrigation for rice cultivation elevated cadmium and lead content in soil
and plant.
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INTRODUCTION cause of fresh water shortage we have to use
Rice (Oryza sativa L.) is the staple food for another sources of water. Now days, meas-
nearly half of the world’s population; most of ures for controlling heavy metal emissions
them live in developing countries. This crop into the environment are essential (Maximous
occupies one-third of the world total area et al., 2010).
planted with cereals and provides 35-60% of
the calories consumed by 2.7 billion people. The use of contaminated water in the rice
Rice production must be increased by 65c/o to fields causes increasing lead and cadmium
cope with the estimated population growth in contents of the rice grains and the consump-
rice—consuming countries by 2020 (IRRI, tion of this rice causes accumulation of the
1989). heavy metals in the human body (Bakhtiarian
et al., 2001). The countries whose main food
Increasing rice crop production is a signifi- is rice, the contaminated rice causes a
cant goal in Egypt's strategy for sustaining marked intake of cadmium. In Indonesia, 50
the important food crop self-sufficiency. Be- percent of their cadmium intake comes from
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the rice they consumed; this amount is 40 to
60 percent in Japan (Susuki, 1988a &b).

Adsorption is a friendly technique for the
removal of heavy metal contaminants. This
be
method for removal of heavy metal (Said,

process-seems  to the most effective
2010). Conversion of solid wastes into effec-

tive low-cost adsorbents for wastewater
treatments could decrease costs for removing
heavy metals. In general, an adsorbent can
be termed as a low cost adsorbent if it re-
quires little processing, abundant in nature,
or a by-product or waste material from indus-
try (Nasim et al., 2004). Therefore, there is an
urgent need that all possible sources of agro-
based inexpensive adsorbents like rice husk
and rice husk derived biochar. In Egypt, rice
husk and

husk and rice husk derived biochar should be

rice husk derived biochar rice
explored and their feasibility for the removal
of heavy metals should be studied in detail
to alleviate or reduce the impacts of in-
dustrial water pollution on the aquatic envi-
ronment. This work aims to highlight the util-
ization of wastewater treated with rice husk
biochar for irrigation and production of rice

plant.

MATERIALS AND METHODS

The present study was carried out at Rice
Research and Training Center, Sakha, Kafr
El-Sheikh, Egypt. Gizal78 rice cultivar (Oryza
sativa L.) was used for the present study.
Large pots containing 23 kg of cultivated land
soil and other small pots filled with 5 kg of
soil were used. Rice plants were cultivated
and treated with 2 types of irrigation water
treatments as follows:

1- The first pots were irrigated with un-
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treated wastewater (W).

2- The second pots were irrigated with
wastewater treated by rice husk bio-
char resulted from pyrolysis of raw rice
husk at 500°C (TW).

The pots were irrigated and fertilized ac-
cording to the recommended regime of rice
plant (Rice Research and Training Center,
Sakha, Kfr El-Sheikh Governorate).

The growth parameters and cadmium and
lead analysis were carried out in plant sam-
ples collected after 30 and 45 days of sowing
from the small pots ,the third at harvesting
time (after 135 days) from the large pots. The
plant samples were dried, powdered and ana-
lyzed for determination of cadmium and lead
concentration.

Soil samples were taken before cultivation,
at 45 days and after harvesting of plants and
then analyzed for investigation of cadmium
and lead concentrations. The obtained data
were statistically tested by ANOVA.

A- Growth parameters

1- Shoot and root length (cm)

Height of the main shoots (cm) of rice
plants were measured from the base of stem
up to the flag leaf tip, at the two growth stag-
es. Root length (cm) of the plants was also
measured.

2- Shoot and root fresh and dry weights
(8

The shoot and root fresh and dry weights
(g) of rice samples were recorded. The plants
were dried to constant weight in an oven at
60-70_ to estimate their dry weight.
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3- Yield characters

Heading date, panicle length, panicle
number, grains number per panicle, grains
number per plant, 1000 grains weight and
single plant yield were determined at har-

vesting.

B- Cadmium and lead contents

Cadmium and lead contents of rice plants
and soil of cultivation were extracted by wet
digestion and investigated by atomic absorp-
tion technique, Perkin Elimer 3300.

C- Statistical Analysis

The obtained results were statistically ana-
lyzed in order to test the significance of varia-
tion, between the different treatments.

RESULTS

A. Growth Parameters of rice (Oryza sati-
valL.)

1-Shoot and root length

The data presented in Figure (1) showed
that, the shoot system of the studied rice cul-
tivar was longer in untreated wastewater irri-
gated pots (W) than treated wastewater irri-
gated pots (TW) during the two growth stages.
The increase percentage in the mean shoot
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length between (TW) and W plants was 4.52%.
The root length exhibited the same trend. The
mean root length at the end of the growing
season showed increase 9.25% in root length
between W pots and TW.

2- Shoot and root fresh weights

The data illustrated in Figure (2) showed
that, the studied rice plants exhibited higher
shoot fresh weight than root. The shoot and
root fresh weights were higher in W pots than
TW pots during the two different growth stag-
es. The mean shoot and root fresh weights
were increased at the end of the growing sea-
son in W pots plants by 10.65 and 9.70%, re-
spectively.

3-Shoot and root dry weights

The mean shoot dry weight was mostly
higher than the root dry weight (Fig. 3). The
studied rice plants exhibited higher shoot and
root dry weights in W irrigated pots than TW
pots during the three different growth stages.
The increase percentage in the mean shoot
and root dry weights of rice plant of TW and
W pots were 10.64% and 14.40%, respective-

ly.
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Figure (1) : The mean shoot and root lengths (cm) of rice plants irrigated with treated (TW) and un-

treated (W) wastewater.
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Figure (2) : The mean shoot and root fresh weights (g) of rice plants irrigated with treated (TW) and
untreated (W) wastewater.
£ 10 - 41
20 1 -
g 8 CTW mW ® 37 Tw mw
> _ 6 :
I = 2
o el
] - 4
S 2 - § 1
0 L ' L . ' ' 0 - i g |
30 day 45 day 135 day 30 day 45 day 135 day
Age/ day Age/ day

Figure (3) : The mean shoot and root dry weights (g) of rice plants irrigated with treated (TW) and

untreated (W) wastewater.

4- Yield Characters

The yield characters of the rice plant were
measured and statistically analyzed after har-
vest (Table 1a&b). Variation in heading dates
was very small and not significant between W
and TW irrigated plants. In TW, the mean val-
ue was after 86.7 days of plant age, while in
W pots it was after 85.5 days. The retardation
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percentage of heading date between TW and
W pots was only 0.23%.

Panicle length, Panicles number per
plant, grains number per panicle, 1000-
grains weight and single plant yield.

Results revealed that W plants acquired
longer panicle, higher panicle number and
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higher grains number per panicle than that of
TW plants. In plants of W pots the grains
number per plant was 2098 grains, while in
TW pots the grains number per plant was
2070 grains. Rice plants of this study varied
significantly in the 1000-grains weight. In
plant of W pots the mean weight of 1000-
grains was 22.44 g, while in TW the mean
weight was 21. 85 g. In W pots the mean yield
of single plant was 43.25 g, while in TW it was
42.40 g. The variation percentages between
the two treatments panicle length, panicles
number per plant, grains number per panicle,
grains number per plant, 1000-grains weight
and single plant yield were 0.45%, 5.71%,
0.77%, 1.52%, 2.45 %, 1.96%, respectively.

B-Cadmium and lead content

1-Cadmium and lead content in rice
plant shoot, root, complete seeds and husk.

Cadmium and lead contents of rice plant
shoot and root were measured two times, af-
ter 45 and 135 days of plant age. After 45
days of plant age cadmium content was de-
tected in shoot and root in treated wastewater
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irrigated plants (Fig. 4). From results of lead
content it is notable that, plants of 45 days
age contained higher lead content in both
shoot and root (0.034 and 0.095 ppm). In
non-treated wastewater irrigated rice plants
(W),
much above that of treated wastewater irrigat-
ed (TW) rice plants. At 135 day of plant age
(after harvest) cadmium and lead measure-

the cadmium and lead contents were

ments were significantly different than that of
the 45 days age plants. Root scored the high-
est cadmium content (0.024 ppm). Cadmium
content was follow the following trend root >
husk > complete seeds > shoot. Concerning to
treated and untreated wastewater irrigated
plants (Fig. 4), it is clear that the plants had
low cadmium in comparison with lead con-
tent root and shoot cadmium. Lead content
after 135 days of plant age was follow the fol-
lowing arrangement Root > shoot > complete
seeds. Root scored the highest lead content. It
is clear that all detected values in treated
wastewater irrigated plants (TW) were below
the permissible limit (see Fig. 4).
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Table (1a): The mean yield characters of rice plants under the effect of irrigation with waste water
(W) and treated waste water (TW).

Characters Treatments Results Mean
Heading date \% 84 86 87 86 85 85.5
(day) ™™ 88 87 85 85 86 85.7
Paniclelength W 21.7 23.8 22.4 22.1 22.1 22.2
(cm) W 22.2 21.4 20.9 22.2 22.4 22.3
Panicle i 19 18 17 16 19 17.5
no./plant ™W 19 16 17 17 16 16.5
Grains no./ W 139 133 135 130 129 129.5
Panicle W 132 128 129 131 130 130.5
Grains no./ \% 2097 2101 2094 2100 2098 2099
plant ™W 2073 2068 2075 2065 2069 2067
1000-grain W 22.7 22.7 21.9 22.5 22.3 22.4
weight (g) W 21.6 21.8 22.4 21.5 22.2 21.85
Single plant \% 42.8 42.9 42.3 43.6 42.9 43.25
yield (g) ™ 42.6 42.5 42.6 42.2 42.6 42.4

Table (1b): The statistical analysis of the mean yield characters of rice plants under the effect of irri-
gation with waste water (W) and treated waste water (TW).

Source of variations Sum of df Mean F P
squares square
Heading date Between Groups 0.33 1 0.333 0.122 0.734
Within Groups 27.33 10 2.733
Total 27.67 11
Between Groups 0.7 1 0.701 1.144 0.31
Panicle length Within Groups 6.13 10 0.613
Total 6.83 11
Between Groups 1.92 1 1.92 1.5 0.249
Panicle no./plant Within Groups 12.8 10 1.28
Total 14.72 11
Grains no./ Betlwe‘en Groups 30.72 1 30.72 4.107 0.07
. Within Groups 74.8 10 7.48
Panicle
Total 105.52 11
Between Groups 2352 1 2352 163.333 0.00
Grains no./ plant Within Groups 144 10 14.4
Total 2496 11
1000-grain Bet.we-en Groups 0.81 1 0.806 7.474 0.021
. Within Groups 1.08 10 0.108
weight
Total 1.88 11
Between Groups 0.62 1 0.621 5.36 0.043
Single yield Within Groups 1.16 10 0.116
Total 1.78 11

(P> 0.05= non-significant and P<0.05= significant).
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Figure (4) : The mean cadmium and lead concentrations (ppm) in rice plant shoot and root at 45

and 135 day of plant age.

1.2-Cadmium and lead contents of soil

Cadmium and lead contents in soil were
measured to evaluate the effect of its irriga-
tion with treated and untreated wastewater.
Data were detected three times, before culti-
vation and at 45 and 135 days after rice culti-

vation and irrigation.

Figure (5) showed that, soil attained high
contents of cadmium and lead by using non-
treated wastewater in rice plant irrigation
than by using treated wastewater. There are

soil before cultivation of rice plant, but After
45 day of plant age both of cadmium and lead
content were elevated in non- treated waste-
water irrigated soil.

At 135 day of plant age (after harvest)

cadmium and lead measurements were
significantly different than that of 45 days.
By looking at treated wastewater irrigated
soil, we notice that it had low cadmium and
lead contents. Lead content after 135 days

of plant age was much higher than cadmi-
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Figure (5) : The mean cadmium and lead content in soil

of rice plant cultivation).
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DISCUSSION

It is clear that, the shoot system of the
studied rice cultivar was longer in wastewater
irrigated pots (W) than in treated wastewater
irrigated pots (TW). The root length showed
that the rice cultivars attained longer roots in
W pots than TW during the different growth
stages. Furthermore, shoot and root fresh
weights, shoot and root dry weights and the
yield characters (panicle length, panicle num-
ber, grains number per panicle, grains num-
ber per plant, 1000 grains weight and yield/
per plant) increased also in wastewater irri-
gated plants. These results are in agreement
with Yadav et al. (2014) who compared growth
and development of rice plants irrigated by
wastewater and normal well water, the aver-
age productivity of wastewater irrigated plants
is higher than that of irrigated with well wa-
ter. This due the fact that wastewater has
high concentration of nitrogen, phosphorus,
and organic matter in comparison to well wa-
ter. Similar findings were also obtained by
Ladwani et al. (2012) and with the data of Ya-
dav et al. (2014) who studied the profitability
of rice cultivation in the rural areas of Allaha-
bad by wastewater irrigation from natural
drainage. The wastewater containing organic
nutrients attained higher profits than those
using groundwater. Khai et al. (2008) stated
that reuse of wastewater for irrigation caused
an increase in total organic carbon content
and total nitrogen in the soil. The soils that
had received wastewater for irrigation had
1.68% total organic carbon and 0.19% total
nitrogen.

Cadmium and lead contents in different
rice plant organs and soil were measured to
evaluate the effect of wastewater irrigation on
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soil rice plant cadmium and lead contents.
Results showed elevation in cadmium and
lead contents in W irrigated plants and soil
cultivated in it, but the increase in lead con-
tent was much higher than that of cadmium.
This agree also with Bakhtiarian (2001) who
found that the use of contaminated water in
the rice fields causes an increase in the lead
and cadmium contents in the grains of rice
and the consumption of this rice will enter the
body of human. Yadav et al. (2014) studied
the effects of wastewater irrigation on rice
plants and reported that, the plants were neg-
atively affected by the presence of heavy met-
als such as Fe, Mn, Cu, Zn, cd, Pb and Ni
that are found in the water and soil. The soil
along the sides of the wastewater channel
shows higher concentration of heavy metals
than the crops away to it, but lies within the
safe limits of WHO/ FAO. A recent study by
Nawaz et al. (2006) dealing with the effect of
water containing heavy metals on yield com-
ponents and heavy metal contents in paddy
and straw of rice plant. This study showed
contamination by the two heavy metals Cu
and Cd to be within safe limits in the soil.
Moreover, although they observed a minor ac-
cumulation of these metals in the plant parts,
they found it to remain within the permissible
limit. Yadav et al. (2014) menthioned that, the
mean concentrations of heavy metals in the
rice plant parts showed that most of the met-
als were accumulated in the roots than other
plant parts.

Khai et al. (2008) compared long-term (30-
50 years) wastewater-irrigated rice-dominated
farming systems. He found that using waste-
water for irrigation significantly affected pH,
electrical conductivity, exchangeable K and
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Na, copper (Cu), lead (Pb) and zinc (Zn) in the
investigated areas compared with control
plots irrigated using river water. Even if po-
tential toxic elements in wastewater are not
present in concentrations likely to directly af-
fect humans and thus limit their agricultural
use, they seem to be higher than in natural
river water, which would contaminate the ag-
ricultural soils in the long-term. As a result,
the concentrations of trace elements (Cu, Pb
and Zn) in the wastewater-irrigated soils were
significantly higher than in control soils, indi-
cating that the application of wastewater had
enriched the soil with trace metals.

On the other hand, (Zueng, 1989) found
comparison of the mean lead content of the
Gilan rice sample and mean difference of the
Comfiroozi -Nedatypes was insignificant and
the mean difference of the lead content was
significant among the rest of the types of rice.
Even though 88 percent of the cadmium and
70 percent of lead absorbed by the rice plant
is accumulated in the roots and a small por-
tion of them are stored in the grains.

Matsumura and Yamada (1975) stated that
the main reason for higher lead and cadmium
contents of rice plant is the great need of min-
eral element of the plant during the clustering
period. On the other hand, the longer the dry-
ing time of the cereals before harvesting, the
higher the rate of absorption and accumula-
tion of the heavy metals in the grains of rice.

Chung et al. (2011) found that application
of domestic wastewater to arable land signifi-
cantly increased the levels of Pb, Cd, Cu, and
Zn in soil and brown rice (P < 0.01). The con-
centration of heavy metals in brown rice were
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lower than the recommended tolerable levels
proposed by the Joint FAO/WHO Expert
Committee on Food Additives. However, the
continuous monitoring and pollution control
of hazardous materials from domestic waste-
water are needed in order to prevent excessive
build-up of heavy metals in the food chain
and in aquatic ecosystems.
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