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ABSTRACT

A field experiment was conducted at Research Farm of Agronomy Dept., Fac.
Agric., Mansoura Univ., Mansoura, Egypt for a period of one year (2014) to find out
the effect of irrigation water types and organic manures on some soil chemical
properties and yield of rice crop (Var., 104). A strip plot design was used with three
replications, the irrigation water types () were industrial wastewater, agricultural
drainage water and normal irrigation water. The organic manures (T) consisted of
FYM, compost, and FYM + compost, These treatments were given in rate of 5and 2 t
fed™. The plants without treatments were served as a control. The results illustrate
that, the soil pH was decreased while soil EC was increased significantly due to using
industrial and agricultural drainage water in combination with organic manure
treatments. The highest soil pH was recorded by the treatments 11T, (7.62), 13T4 (7.66)
and 1T, (7.35) at vegetative, tillering and harvest stages, respectively. The treatments
11T4, 12T4 and 11T recorded the highest soil EC (ppm) at vegetative (522), tillering
(291) and harvest (394) stages, respectively. The obtained data illustrate that, using of
normal irrigation water (ls) combined with addition of FYM + Compost @
recommended doses (T4) recorded the highest (5416 kg fed'l) grain yield of rice crop
followed by 15Ts (4415 kg fed™), 12T (4292 kg fed™), IsT2 (4195 kg fed™) and IsT:
(4050 k fed'l). Also, under use of different irrigation water, the addition of compost @
2 t fed™ (T3) was found to be superior than application of FYM @ 5 t fed™ (T2) in
registering the highest grain and straw yield of rice crop.

Keywords: Industrial wastewater, Agricultural drainage water, Organic manure, Rice,
Soil pH, Soil EC, Grain yield, Straw yield.

INTRODUCTION

Water is a major factor on earth and top priority for the existence of
human life and crop production. The shortage of water resources has
become a major issue for agriculture in many parts around the world
(Gassama et al., 2015). Consequently, wastewater reuse has attracted public
attention as an alternative water source in many countries (Rhee et al., 2011
& Padhan and Sahu, 2011). Reuse for agriculture has already been applied
in nearly 120 countries (US EPA, 1992). After proper dilution, wastewater can
be used as a potential source of water for seed germination and plant growth
in agricultural practice (Dash, 2012). The agricultural use of wastewater helps
to preserve environmental quality and concurrently furthers other national
goals such as providing sustainable agriculture while preserving scarce water
sources (Chung et al., 2011). The reuse of wastewater has the advantage of
increasing agricultural production and alleviating water quality problems
owing to a reduction in the discharge of wastewater (Jung et al., 2005).

Egypt started to pay attention to reuse of drainage water for irrigation in
order to, cover the shortage of fresh water and meet their demands for more
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food production. The drainage water supplies all or even more heavy metals
to the soil. In some areas, this water is polluted by the sewage effluents
which are damped into the agriculture drainage system. In North Delta region,
the soils irrigated with drainage water polluted by wastewater of industrial
effluent were higher in heavy metals content than the normal soil (El-Habet
Howida, 2009). The effluent of wastewater treatment plants, however,
generally contains high levels of microorganisms and various heavy metals.
Therefore, adverse human health effects and sanitation problems must be
carefully considered (Peasey et al., (2000).

Utilization of organic manure has been a rather common conventional
practice and this gives them an upper hand and makes them more suitable for
maintaining soil fertility and improving crop yield and quality (Zhang et al.,
1998). The organic manures have the benefit of supplying macro (Radha
et al.,, 1999) and secondary nutrients along with micronutrients (Kumar and
Yadav, 2003), enhancing soil physical characteristics viz., soil aggregation
(Rasmussen and Collins, 1991), bulk density & water-holding capacity (Meelu,
1996 and Edmeades, 2003) and hydraulic conductivity (Mathan, 2000) as well
as chemical properties viz., CEC (Patiram, 1993), soil organic carbon
(Maheswarappa et al.,, 1999 and Katkar et al., 2002), providing energy for
microbes (Gaur et al., 1984), increasing the availability of nutrients (Prasad,
1996; Kumar and Yadav, 2003 & Tolanur and Badanur, 2003) and improving
soil fertility (Aich et al., 1997). It is well documented that the complementary
use of organic manures and chemical fertilizers has proven to be the best
strategy for soil fertility management (Fageria and Baligar, 2005).

Among the field crops, rice (Oryza sativa L.) is the second most
important cereal crops of the world's, grown in a wide range of climatic zones
(Maclean et al., 2002). Rice is the staple food for nearly half of the world's
population, most of whom live in developing countries (Mahamud et al.,
2013). The crop occupies one-third of the world's total area planted to cereals
and provides 35 to 60% of the calories consumed by 2.7 billion people
(Tayefe et al., 2014). The production of paddy rice requires large volumes of
water and fields are flooded before plowing. The water level is kept at 4-6 cm
in shallow rice fields and as high as 10 cm in continuous flooding irrigation
during the growing season (Rath et al., 2000).

Hence, the present investigation was contemplated to study the effect
of both irrigation water types and organic manures alone or in combination
with each other on some soil chemical properties as well as grain and straw
yield of rice crop.

MATERIALS AND METHODS

A field experiment was carried out at the Research Farm of Agronomy
Dept., Fac. Agric., Mansoura Univ., Mansoura, Egypt in the summer season
(April - September) for a period of one year (2014) using rice (Var., 104) as
test crop. The initial soil sample from the experiment was air dried, grinded,
passed through 2 mm sieve and analyzed (Table 1) for particle size
distribution and total carbonate (CaCO3;%) as described by (Piper, 1950). Soll
pH and electrical conductivity (EC) were determined by the procedures given
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by (Richards, 1954). Bulk density was determined by the procedure given by
(Dewis and Freitas, 1970) while, particle density was determined according to
(Black et al., 1965). Porosity (E%) was calculated according to (Hillel, 1980).
Ammonical (N-NH,") and nitratic nitrogen (N-NO3) were measured according
to (Bremner and Keeney, 1966). Soil available phosphorus (P) was
determined colorimetrically using ascorbic acid as described by (van
Schouwenburg and Walinga, 1967). Soil available potassium (K), organic
matter content and amounts of soil soluble ions were determined according to
(Hesse, 1971).

Table 1: Initial soil characteristics of the experimental plot.

Parameters Value Parameters | Value
Sand (%) 11.69 Soluble cations (meq L™)
Silt (%) 37.17 ca™ 0.60
Clay (%) 51.14 Mg"™ 0.90
Texture class Clay K 0.70
Na’ 0.28
pb (Mg m®) 1.14 Soluble anions (meq L™)
ps (Mg m™) 2.19 CO;5” 0.00
Total porosity (%) 48.00 HCOs 0.23
Ccr 1.29
pH* 7.71 SO,~ 0.89
EC** (dSm™) 0.25 Available nutrients (ppm)
N-NH," 18.23
CaCOz% 1.03 N-NO3’ 7.84
OM% 0.84 Phosphorus (P) 8.30
Potassium (K) 350

* pH was determined in soil paste.

** | EC was determined in soil paste extract.

The N content in the organic manure samples used during the experiment
(Table 2) was determined by micro kjeldahl method Humphries (1956). Total P
and K contents were extracted by digestion with diacid (H,SO,4:HCIO,, 5:2), the P
was estimated colorimetrically as vanado-molybophosphate yellow color
complex and K was determined by the flame photometer. Micronutrients in the
diacid extract was analyzed by Atomic Absorption Spectrophotometer (Jackson,
1973). The organic carbon content was determined by Chromic acid wet
digestion method (Walkley and Black, 1934).

The wastewater were collected every five days and kept in a
polyethylene tank. The Industrial wastewater was pumped from a drain
nearby the outlet of Delta Company for Fertilizers & Chemical Industries,
Talkha District, Dakahlia while the agricultural drainage water was collected
from an agriculture drain near Mit Khames Village, Mansoura District,
Dakahlia. The River Nile water was used as a source for normal irrigation
water. The water samples were analyzed (Table 3) for soil pH and EC by the
procedures given by (Richards, 1954). The amount of soluble ions were
determined by according to (Hesse, 1971).

913




Mansour, M.M. et al.

Table 2: Nutrient content of the organic manures used for the study.

Parameters Farmyard manure Compost
Total N (%) 1.14 1.96
Total P (%) 0.79 0.48
Total K (%) 0.40 1.10
Total Fe (mg kg™) 305 429
Total Zn (mg kg™) 23.2 58.0
Total Mn (mg kg™) 47.7 40.4
Organic Carbon | (%) 29.5 36.2
C:N ratio 25:1 18:1
Table 3: Characteristics of the irrigation water used for the study.
Industrial Agriculture Normal
Parameters > —
wastewater drainage water | irrigation water
pH 7.95 7.50 7.12
EC (dSm™) 2.92 1.12 0.38
SARAg 11.5 9.73 5.23
RSC 2.41 1.07 0.32
B (ppm) 0.61 0.53 0.22
Pb (ppm) 9.207 8.071 0.270
Ni (ppm) 0.398 0.456 0.021

Twelve treatments consisted of three types of irrigation water
(industrial wastewater, agricultural drainage water and normal irrigation
water) in combination with four levels of organic manures (without organic
manures, farmyard manure @ 5 t fed™, compost @ 2 t fed and farmyard
manure & compost @ the recommended doses) were laid out in a strip plot
design with three replications as follows: T;: NPK + industrial wastewater, T»:
NPK + agricultural drainage water, T3: NPK + normal irrigation water, T,: NPK
+ industrial wastewater + FYM @ 5 t fed™, Ts: NPK + agricultural drainage
water + FYM @ 5 t fed™, T¢: NPK + normal irrigation water + FYM @ 5t fed™,
T;: NPK + industrial wastewater + comlpost @ 2 tfed™, Tg: NPK + agricultural
drainage water + compost @ 2 t fed™, To: NPK + normal irrigation water +
compost @ 2 t fed™, T1o: NPK + industrial wastewater + FYM + compost @
RD, T1:: NPK + agricultural drainage water + FYM + compost @ RD and T,:
NPK + normal irrigation water + FYM + compost @ RD.

To avoid the percolation of water into the ground and from strip to
another, soil was removed for a depth of 75 cm and a polyethylene black
sheet was spread and covered again with the soil. The chemical form of
nitrogen, phosphorus and potassium fertilizers were applied in the form of
urea, single super phosphate and potassium sulphate at 200, 100 and 50 kg
fed™, respectively as per the blanket recommendation of Ministry of
Agriculture. The full of P, K and two-third quantity of N were applied as per
treatment schedule before flooding as basal and the one-third was applied
one month after transplanting. The whole amount of organic manures were
incorporated with soil as per treatment schedule at the time of transplanting
as basal dressing. Surface irrigation was given and other intercultural
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operations were carried out as recommended by Ministry of Agriculture. At
harvest stage, the soil samples were analyzed for pH and EC (Richards,
1954). The grain and straw yield were recorded.

RESULTS AND DISCUSSION

1. Changes of the soil pH

The effect of irrigation water found to be significant at tillering stage
and highly significant at harvest stage (Table 4). The supply of industrial
wastewater to the rice crop (l;) recorded the highest mean values at
vegetative stage (7.43) and tillering stage (7.37) while the same treatment
recorded the lowest mean value at harvest stage (7.19). It was noticed that,
there is a negligible decrease at the beginning of growth (vegetative stage)
while at the end of growth (harvest stage), there is a slight increase.

Table 4: Effect of irrigation water types, organic manures and their
interactions on soil pH at different growth stages of rice crop.

Treatments Soil pH
1% Stage | 2"stage | 3“stage
A: Irrigation (1)
I, 7.43 7.37 7.19
I, 7.43 7.25 7.28
[ 7.40 7.33 7.29
F - Test - * *
LSD 5% NS 0.07 0.03
B: Manures (T)
T, 7.55 7.23 7.22
T, 7.42 7.36 7.23
T, 7.52 7.19 7.23
T4 7.17 7.49 7.32
F - Test *% ** **
LSD 5% 0.03 0.06 0.03
C: Interaction (IxT)

T B Bl T | T | B | T T | T | T
I, 7.57|7.62|7.54|6.97|7.16|7.61|7.22|7.51|7.10|7.12|7.24|7.30
I 7.51|757|7.58|7.04|7.21|7.27|7.22|7.29|7.27|7.26|7.22|7.35
I3 7.56|7.08|7.45|7.50|7.32|7.20|7.13|7.66|7.30|7.32|7.24|7.30
F - Test *% *% *%
LSD 5% 0.07 0.12 0.06

The effect of organic manure doses was highly significant at all stages
of rice crop growth. The highest mean values were recorded by treatment T,
(without organic manure, 7.55) followed by T3 (application of compost @ 2 t
fed™, 7.52) and both of them were found to be on a par at the vegetative
stage (1 stage) while the same treatments recorded the lowest mean values
at 2™ (tillering stage) and 3" stages (harvest stage). The treatments T, and
T; were found to be on a par with themselves at vegetative stage and with T,
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(application of FYM @ 5 t fed™, 7.23) at harvest stage. The application of
FYM and compost at the recommended doses (T,4) was recorded the lowest
mean value (7.17) at vegetative while it was recorded the highest mean
values at the tillering (7.49) and harvest (7.32) stages. At the beginning of
growth, there is no clear trend while at the end of growth, there is a slight
increase in soil pH.

The interaction of irrigation water types and organic manures doses
had a significant effect on the soil pH at all stages of rice crop growth (Table
4 and Fig. 1). The highest soil pH was recorded by the treatments I, T, (7.62),
15T, (7.66) and 1,T, (7.35) at vegetative, tillering and harvest stages,
respectively. On the other hand, the lowest mean values for soil pH were
recorded by the treatments 1, T4 (6.97), I5T5 (7.13) and 1,T4 (7.10) at 60™ and
90™ and 140" DAT, respectively. The data revealed that, the treatments T,,
T3 and T, were found to be comparable among themselves under using of
any irrigation water type.
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Fig. 1: Effect of interaction between irrigation water types and organic
manures on soil pH.

The decrease of soil pH could be due to ammonium (NH,4") nitrification,
which releases free hydrogen ions (H") in the soil, therefore, lowering the soil
pH. This reduction of soil pH is slightly important with application of
wastewater, which corroborates the findings of Yadav et al., 2002 & Herpin et
al., 2007. The higher concentrations of NH," ions in wastewater may lead to a
higher rate of nitrification releasing free H* ions in the soil, consequently
lowering more the soil pH. A reduction in soil pH due to wastewater irrigation
has been reported by Mohammad and Mazahreh (2003) & Singh and
Agrawal (2012). Some investigations showed that the irrigation with
wastewater increased the soil pH (AL-Jaboobi et al., 2013). The most
investigations described the long-term impact of irrigation with sewage and
wastewater effluents on soil properties while our study was short term.

The irrigation of soil with wastewater may cause at first a decrease of
pH, but after a while it may cause an increase of soil pH. Furthermore, The
decrease in the soil pH could be due to the organic acids released as a result
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of organic matter fermentation processes expected to be dominated in soil
under flooded conditions (Yanni, 1979 & Chen and Avnimelech 1986). The
increase of the soil pH in the later stages (harvest) of rice growth may
partially be due to the consumption of the organic acids by sulphate (SO;")
reducers as electron donors to reduce SO, , which act electron acceptor
(Yanni, 1979 and Stevenson, 1995).

2. Changes of the soil EC

The effect of irrigation water types was highly significant on soil EC at
all stages of rice crop (Table 5). The data indicate that, the highest mean
values of soil EC were recorded by addition of agricultural drainage water (1)
at vegetative (60‘h DAT) and tillering (90th DAT) stages while at harvest stage
(140th DAT) the application of industrial wastewater (1) registered the highest
mean values. The recorded mean values were 358, 278 and 373 ppm at the
particular growth stages, respectively. The use of industrial wastewater (l,)
was found to be comparable with addition of agricultural drainage water (I,) at
the beginning of rice crop growth (345 and 271 ppm) while at later stage the
treatment I, excels I, (308 ppm).

Table 5: Effect of irrigation water types, organic manures and their
interactions on soil EC at different growth stages of rice crop.

Soil EC (ppm)
Treatments 1 Stage | >N Stage | 3 Stage
A: Irrigation (1)
[ 345 271 373
[P 358 278 308
I3 239 212 196
F - Test *% *% **
LSD 5% 43.6 10.9 14.9
B: Manures (T)
T, 239 246 257
T, 322 251 291
T3 275 262 321
Ty 419 257 299
F - Test ** NS **
LSD 5% 21.1 - 11.1
C: Interaction (IxT)

L P I O 3 P I 0 P I P O <
[ 314(272|271|522 (265|257 |277|284 366|394 |368|362
I, 216|369|336|483|266|266|291|291|227|277|391|339
[ 187|299|218|215|206(229|219|195|179|202|205|196
F - Test *% *% *%
LSD 5% 53.4 21.7 22.1

The effect of organic manure doses was highly significant at almost
(vegetative and harvest) stages of growth. The highest mean values were
recorded by treatment T, (addition of FYM and compost at the recommended
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doses, 419 ppm) at vegetative stage while at harvest stage the highest mean
values were recorded by T (application of compost @ 2 t fed™, 321 ppm)
while the treatment T, recorded the second highest mean value (299 ppm)
and it was found to be on a par with T, (application of FYM @ 5 t fed™, 291
ppm).

The interaction effect between irrigation water types and organic
manures was found to be significant at all stages of rice crop growth (Table 5
and Fig. 2). The treatments |, T4, I,T4 and I, T, recorded the highest mean
values of soil EC at vegetative (522 ppm), tillering (291 ppm) and harvest
(394 ppm) stages, respectively while the lowest were registered by the
treatments 15T, (187 ppm), 13T, (195 ppm) and 15T, (179 ppm) at 60" and 90"
and 140" DAT, respectively. The data demonstrate that, the treatments T,, T;
and T, recorded the highest soil EC with using of any type of irrigation water
while, the treatment T, recorded the lowest soil EC with using of normal
irrigation water.
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Fig. 2: Effect of interaction between irrigation water types and organic

manures on soil EC.

Soil EC is a parameter that indicates indirectly the total concentration
of soluble salts and is a direct measurement of salinity. It is the most
important indicator regarding to fields irrigated with wastewater. EC of soils
irrigated with wastewater increased because of higher EC of wastewater, this
is in harmony with findings of Jahantigh, (2008). The higher concentration of
cations in wastewater led to an increase in EC of soils irrigated with
wastewater (Khai et al. 2008). Also, Incorporation of organic manures into soll
increases the salt content as well as soil EC, especially if high doses of
compost are applied, because of the high salinity of composts (Gallardo-Lara
and Nogales, 1987). Similar results have been reported in the literature of
Selvakumari et al., (2000), Sarwar et al., (2003) and Angelova et al., (2013)
which indicated that EC increased in acidic and alkaline soils when organic
materials of different nature were applied to the soil. Indeed, salinity is
possible to combat by applying more normal water than the plant needs to
remove the salts from the root zone by leaching.
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3. Grain and straw yield of rice crop

The effect of adding different types of irrigation water significantly
influenced the grain and straw yield of rice crop at harvest stage (Table 6).
The use of normal irrigation water (l3) registered the highest grain and straw
yield of rice crop followed by addition of agricultural drainage water (l,) and
Industrial wastewater (I;). The recorded mean values were 4519, 3326 &
2289 (grain) and 4599, 4146 & 3614 (straw) kg fed™ for Iy, 1, and I,
respectively. The data indicate that, the treatment I; gave the highest yield
with increasing of 49.34 & 31.17% (grain yield) and 9.85 & 12.82% (straw
yield) over the treatments I, and |, respectively.

Table 6: Effect of irrigation water types, organic manures and their
interactions on grain and straw yield of rice crop at harvest stage.

Yield, (kg fed™)
Treatments Grain | Straw
A: Irrigation (1)

Iy 2289 3614

[P 3326 4146

I3 4519 4599

F - Test * *

LSD 5% 181 91

B: Manures (T)

T, 2782 3446

T, 2942 4627

T3 3684 4273

T, 4104 4133

F - Test * *

LSD 5% 25 13

C: Interaction (IxT

Iy 1508 | 2111 | 2932 | 2604 | 2453 | 4556 | 3655 | 3793
I 2782 | 2520 | 3704 | 4292 | 3375 | 4662 | 4250 | 4296
I3 4050 | 4195 | 4415 | 5416 | 4509 | 4662 | 4913 | 4309
F - Test * *

LSD 5% 184 92

The addition of different doses of organic manure significantly
influenced the grain and straw yield of rice crop at harvest stage (140 DAT).
The addition of FYM + Compost @ the recommended doses (T,) recorded
the highest mean values for grain yield followed by treatments T (application
of compost @ 2 t fed™) and T, (application of FYM @ 5 t fed™). The
registered mean values were 4104, 3684 and 2942 kg grain fed™. The data
illustrate that, the treatment T,, recorded the highest grain yield with
increasing of 32.21, 28.31 and 10.23% over the treatments T,, T, and Ts,
respectively. Regarding the straw yield, the treatment T, recorded the highest
mean values followed by Tz and T,4. The registered mean values were 4627,
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4273 and 4133 kg straw fed™. The data indicate that, the treatment T, gave
the highest straw yield with an increase of 27.68% over treatment T, (without
organic manure).

The interaction between irrigation water types and organic manure
doses significantly affected the grain and straw yield of rice crop at harvest
stage (Table 6 and Fig. 3). The data indicate that the treatment T, (addition of
FYM + Compost @ recommended doses) recorded the hi(ighest mean values
under using of normal irrigation water (I3, 5416 kg fed™) followed by 13T3
(4415 kg fed™), 1,T, (4292 kg fed™), 15T, (4195 kg fed™) and I15T; (4050
kg fed™). The data indicate that under use of different irrigation water, the
addition of compost @ 2 t fed™ (T3) excel the application of FYM @ 5 t fed™
(T2). The recorded mean values were 2932 (1,T3), 3704 (I,T3) and 4415 (15T3)
kg grain fed. The use of industrial wastewater (I;) with the treatment, T,
(without organic manure) recorded the lowest (1508 kg fed™) grain vield of
rice crop at harvest stage. The utilization of normal irrigation water qg) with
addition of compost @ 2 t fed™ (T3) recorded the highest (4913 kg fed™) straw
yield followed by the application of FYM @ 5 t fed™ (T,) under using of either
agricultural drainage water (l,, 4662 kg fed™) or normal irrigation water (ls,
4662 kg fe™) and both of them were on a par among themselves. The lowest
straw yield of rice crop was recorded by treatment T, (without organic
manure) when soil irrigated with industrial wastewater (15, 2453 kg fed™).
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Fig. 3: Effect of interaction between irrigation water types and organic
manures on grain and straw yield of rice crop.

Markedly reduced grain and straw yield with wastewater irrigation was
remarkable since this water had contained high concentration of toxic heavy
metals viz., As, Cr, Hg, Ni, Pb and Se. These elements might have exerted
toxic effects to rice plants leading to reduce root elongation (Yamaguchi and
Aso, 1977), decrease net photosynthesis (Austenfeld, 1979) and hamper
physiological function in rice plants, which leads to reduce plant height,
decrease number of effective tillers per hill and very poor straw yield, which
eventually resulted in drastic reduction of grain yield. This finding agrees with
whose obtained by Yagdi et al., (2000) and Begum et al., (2011) where they
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observed that toxicity of heavy metals decreased plant growth and
development.

SUMMERY AND CONCLUSION

The reuse of wastewater for purposes such as agricultural irrigation
can reduce the amount of water that needs to be extracted from
environmental water sources. Wastewater can be safely used for irrigation in
flooded rice soil with the recommended doses of organic manures under
current study. More efficient technology to reduce environmental pollution is
using organic manures, which can instead of burring beside mineral fertilizer.
Integration of wastewater with organic manures (FYM and compost) can help
to produce high and good quality of yield crops. The right utilization of organic
manures could be helped to reduce the toxicity of wastewater from heavy
metals, produce appreciable yield crops and resolve the high problem of
crop residues.
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