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SUMMARY

Maize (Zea mays L.), due to its higher yield potential among other members of Poaceae
family; known as “queen of cereals”. Maize is India’s third most important crop after rice and wheat.
Following India’s green revolution, intensive agriculture practices have resulted in a variety of
issues, including environmental pollution, decline in soil fertility, productivity and organic matter
content. Adding organic source of nutrients is critical for plant and field growth, yield and quality as
they are good source of both macro and micro nutrients in available form to the plants; in addition,
it improves soil health, microbial count and water holding capacity of soil. In this review, most of
research findings reviewed indicates that organic manure application improved sustainable
productivity, nutrient content and soil nutrient status. Use of treated sewage water has been found
promising in replacing the conventional irrigation water. Keeping these points in view, the literature
pertaining to organic manure and treated sewage water use in maize and other crop to obtain higher

production and good quality has been reviewed.
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In India, Rice-wheat is the main cropping
system in Indo-Gangetic plains, which has resulted in
number of issues such as soil degradation, weed
problems and over-exploitation of under-ground water.
Maize can be replaced in this system because of its
wider adaptability and it can be well fitted for
intercropping too i.e. compatibility (Byjesh et al,
2010). Maize is a multi-purpose crop used as food,
feed, fodder, biofuel etc. The maize grain is a major
feed and a standard component of livestock diets where
it is used as a source of energy. Many by-products of
maize processing for flour (hominy feed, bran, germs,
oil meal), starch (corn gluten feed, corn gluten meal)
and biofuel industries (distillers’ dried grains and
solubles) can be fed to animals (Anonymous, 2022).
Besides this, it is an important kharif and summer
forage crop grown throughout the country which
provides very palatable, highly succulent and
nutritionally rich fodder to livestock. As green forage,
particularly when it contains the leaves and ears,
stalks; it is an energy-rich source of feed for ruminant
livestock, while maize forage is usually ensiled in cooler
regions, year-round maize production in the tropics

may allow the continuous harvesting of green forage,
making ensiling unnecessary (Brewbaker, 2003). It is
quick growing, high yielding and supplies essential
nutrients, which can be fed at any stage of growth
without any risk to animals; as it is free from anti-
metabolites (Kumar et al., 2020). India is home to
536 m livestock (Anonymous, 2019) and the deficit
in fodder components is to the tune of 35.6, 11.0 and
44.0 per cent for green fodder, dry crop residues and
concentrate feed ingredients, respectively; which
hampers the productivity potential of the livestock in
terms of milk and meat. Green fodder is a rich and
cheapest source of protein, vitamins, carbohydrates
and minerals for livestock (Anonymous, 2013). Being
a cereal crop, the nutrient requirement of maize is
high. However, in some regions, the overuse of high-
analysis chemical fertilizers such as N, P and K has
resulted in fertility imbalances and micronutrient
deficiencies. If the imbalanced fertilizer dose is not
managed, the yield can stagnate or decrease. Water
resources in arid and semi-arid regions have been
steadily declining for decades due to over-exploitation
of ground water (Kumar et al., 2018). In most Indian
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cities, a sewage system is used, in which human
excreta is flushed with a large amount of water and
its outlet is connected to the sewage system (Chandana
and Rao, 2022). Therefore, treated sewage water can
be a valuable alternative source of irrigation for feeding
a population with limited water resources. The
advantage of organic manure has been proved superior
to use of each component separately. This review
aimed to study the role of organic manure and sewage
water on maize performance and their resultant effect
on soil properties.

1 Effect of sewage water
1.1 Growth and development

Alawsy et al. (2018) revealed that biomass
(g/plant), plant height (cm) and dry weight (g/plant)
of the maize seedlings treated with sewage water
(50%) showed a significant increase over control.
Chandrikapure et al. (2017) reported that five
irrigations with treated sewage water treatment (T)
recorded higher growth and yield attributing characters
viz., plant height (180.01 cm), number of leaves per
plant (10.87), dry matter accumulation per plant
(164.57 g), leaf area per plant (74.24 dm?). Tavassoli
et al., 2010 found that the use of waste water in
comparison to well water irrigation resulted in the
increase of fresh and dry forage corn yield (8.25%
and 23.14%). Gwenzi et al. (2016) showed that maize
growth was increased by 53% by sewage sludge
application compared to the untreated control. Maize
growth, biomass production and nutrient uptake were
significantly improved in biochar and sewage sludge
amendments compared to the unamended control.

Khanmohammadi et al. (2016) obtained
highest shoot dry matter in the sewage sludge
treatment. Mousavi and Shahsavari (2014) concluded
that irrigation with treated municipal waste water
(TMWW) lead to significant effect in all the characters
than control. The highest stem height and diameter
were observed in irrigation with 25% well water +
75% TMW W, which was statistically higher than other
treatments, also similar results were obtained in other
growth parameters such as: flag leaf length, flag leaf
width, ear diameter and ear length.

Alkhamisi et al. (2011) reported that plants
irrigated with the reclaimed water had higher plant
height than those irrigated with fresh water. Reclaimed
water had shorter time for 50% male and female
flowering of forage maize plants, indicating earlier

maturity. Plants irrigated with reclaimed water had
higher chlorophyll content. Mousavi et al. (2013)
found that irrigation with primary-treated municipal
waste water had a significant positive impact on all
characters compared with the control.

1.2 Yield and its attributes

Chandrikapure et al. (2017) at Nagpur
recorded maximum grain yield and fodder yield (4404
kg/ha and 6693 kg/ha, respectively) in five irrigations
with treated sewage water (T.) followed by
recommended irrigations with normal water (T ) which
had grain yield and fodder yield (4169 kg/ha and 6295
kg/ha, respectively). Somasundaram et al. (2016)
showed that increased rate of sewage sludge (SS)
increased the green and dry fodder yield of forage
maize. Almasi (2014) showed that number of irrigation
with waste water had significant effect on ear
diameter, cob weight, total weight of grain and cob in
corn. Mohammad and Ayadi, 2005 studied that
wastewater irrigation increased the forage maize yield
over potable water irrigation. Mok et al., 2014 studied
that wastewater can be viably used as agricultural
irrigation water with no significant yield loss in silage
maize. Nahhal et al. (2013) found that biomass of
Chinese cabbage and corn grown in plots irrigated
with treated waste water was higher than those grown
in plots irrigated with fresh water.

Mousavi and Shahsavari (2014) revealed that
number of grains per ear and number of rows per ear
in maize significantly increased with use of waste
water. Maximum 1000 seed weight was 303.8 g that
obtained with use of 75% wastewater. Maximum yield
was obtained in 75% TMWW that was 25% more
than control. Yaryan (2000) concluded that the yield
of sunflower and corn was higher under treated waste
water treatment compared to well water treatment.

1.3 Quality parameters

Tejada et al. (2016) found that biofertilizer
obtained from sewage sludge (SS) when applied
through foliar fertilization resulted in increase in grain
protein content significantly by 30% and the yield
increased by about 17% compared with the control
treatment (SS not applied).Treated waste water had
significantly increased the crude protein, ash
percentage and macro nutrients (N, P and K) content
in maize forage (Tavassoili et al., 2010). Mohammad
and Ayadi, 2005 reported that nitrogen uptake by forage
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maize was significantly increased by wastewater
irrigation over potable water. Latef and Sallam (2015)
reported that increase in protein content and growth
(shoot, fresh and dry weight) of maize than the control.
This increase was generally higher in shoot than root.
Mousavi et al. (2013) revealed that irrigation with
primary-treated municipal wastewater (TMWW)
increased seed oil to 5.85%, which was 29.2% more
than that of control in maize. Maximum zinc
concentration (15.93 mg/kg) was obtained in irrigation
with 25% clean water and 75% TMWW in maize.

1.4 Soil properties

Mhaske et al. (2018) revealed that use of
treated domestic waste water has showed
improvement in yields in maize and the nutrient status
was also better as compared to well water. NPK were
268.4, 16.99 and 440.1 kg/ha, respectively in treated
domestic waste water; while 266.5, 16.36 and 434.0
kg/ha, respectively in well water. Khaskhoussy et al.
(2013) found that the irrigation with treated
wastewater significantly increased the fertilizer
elements as N, P and K and decreased significantly
the soil pH. The results on corn plants showed that
irrigation with treated wastewater led to significant
increase of these elements in different organs of corn.

Kharche et al. (2011) reported that use of
sewage irrigation in vegetables recorded certain
improvement in soil physical properties like bulk
density, water retention, hydraulic conductivity,
organic carbon and build-up of soil N, P, K,
micronutrients and microbial count providing the proper
aerated conditions. Rattan et al. (2005) indicated that
there was an increase in organic carbon content
ranging from 38 to 79 per cent in sewage-irrigated
soils (content varied from 0.14 to 3.71 % with an
average of 0.65%). Yerasi et al. (2013) revealed that
sewage-irrigated soils had high amount of organic
carbon and build-up of soil available N, P, K and
micronutrient status, thus improved the soil fertility
to certain extent. Mojiri and Amirossadat (2011)
revealed that the urban waste water increased the
DTPA- extractable iron, manganese in soil and corn
in comparison to irrigation with water. Soni et al.
(2016) revealed that highest protein content of 9.76%
in first cut was observed with irrigation using sewage
water in sorghum. Abdelrahman et al. (2011)
concluded that maize plants irrigated with the treated
wastewater contained greater nitrogen concentrations
at all levels of water quantities than those irrigated
with fresh water.

2 Effect of organic manure
2.1 Growth and development

Chaudhari et al. (2017) at Anand showed that
highest plant height of 71.93 and 98.33 cm of maize
was obtained in FYM application at 1% (F,) as
compared to treatment having no application of FYM
(F,) at 30 DAS and at harvest, respectively. Application
of 20 t/ha FYM had depressed the availability of
cadmium concentration and increased the dry matter
yield of fodder maize (Khurana and Bansal, 2014).
Nagavani and Subbian (2014) at Coimbatore found
significant increase in plant height and leaf area index
of hybrid maize with the application of 50% RDF
through poultry manure + 50% RDF through inorganic
fertilizers followed by 50% RDF through
vermicompost + 50% RDF through inorganic
fertilizers.The highest plant height, number of leaves
and stem girth of fodder maize Cv. African Tall was
recorded under the treatment FYM @ 30 t/ha+
Azotobacter + PSB (Bhat et al., 2021). Prasad et al.
(2018) revealed that the application of pressmud @
7.5 t/ha being at par with vermicompost @ 7.5 t/ha
recorded highest value of growth over no organic
manure in spring maize.

Mohsin et al. (2012) reported that plant height
at maturity was tallest (211.3 cm) in treatment in which
N source was 100% through urea but was statistically
similar to the application of 50% N from urea + 50%
N from FYM (207.4 cm). Habib et al. (2012) revealed
that organic sources including FYM produced
significant effects on maximum leaf area, leaf area
duration, crop growth rate and net assimilation rate
over control. Naveena et al., 2021 concluded that
application of 50% RDN through FYM and remaining
50% RDN through poultry manure as top dress at 30
DAS resulted in higher dry matter yield (117.13 g/ha)
of fodder maize. Majumder et al. (2016) found that
application FYM in all treatments along with different
irrigation scheduling resulted into higher water use
efficiency as compared to the no FYM application
treatment. Shinde ef al. (2014) revealed that a
significant increase in dry matter production and plant
height was observed with the application of 100%
RDF + 10 ton FYM per hectare over other treatments
and was statistically at par with the treatment having
application of 100% RDF + 5 t FYM/ha.

By conducting field experiment at Punjab
Agricultural University, Ludhiana on maize crop, Gajri
et al. (1994) found that farm yard manure @ 15 t/ha
improved root growth and the crop extracted soil water
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more efficiently. Rao er al. (2017) found that the
application of FYM @ 10 t/ha and vermicompost @
St/ha increased the SPAD meter reading compared to
the control (without any fertilizer) in maize. Imran
(2018) studied that phenological and morphological
trait responses of maize was positive to organic matter
incorporation. Pre and post-harvest soil analysis of
the maize showed that soil health was significantly
boosted with organic matter addition. Better growth
in terms of plant height, leaf area index and dry matter
accumulation was observed with the application of
farmyard manure @ 10 t/ha (Balyan et al., 2006) and
20 t/ha (Verma et al., 2006) as compared to control.

Deepak et al. (2018) reported that treatment
T,~50% of RDN as FYM + 50% vermicompost (VC)
recorded significantly higher plant height (169.49 cm)
of maize over all other treatments. The maximum
chlorophyll content, leaf area index of maize was
observed under T, — 50% of RDN as FYM + 50%
VC. In maize application of 20 t/ha FYM resulted in
significantly higher number of leaves as well as dry
matter production over control (Joshi and Chilwal,
2018). Higher plant height, leaf area index and dry
matter accumulation was achieved with the application
of vermicompost @ 2 t/ha which was statistically at
par with farm yard manure (FYM) @ 10 t/ha and
significantly higher than no organic manure. Highest
leaf area index, dry matter production, number of
effective cobs per plant and tallest plant in both the
years were recorded in the treatment 75%
recommended dose of fertilizer + vermicompost @ 2
t/ha, as reported by Haque et al. (2012).

2.2 Yield and its attributes

Chaudhari et al. (2017) revealed that green
forage yield of maize (206.39 g/pot) increased due to
FYM @ 1% (F)) and it was 25.15 per cent higher
over control (F ). The dry weight of leaves, stem and
roots of maize was 36.79, 4.49 and 4.38 g/pot
respectively, which increased to 43.10, 49.17 and
36.02 per cent due to application of FYM @ 1% (F))
over control (F ), respectively. Prasad et al. (2018)
found that the application of pressmud @ 7.5 t/ha
being at par with vermicompost @ 7.5 t/ha recorded
highest value of yield attributing characters viz. plant
height, leaf area index, cob length, test weight and
grain yield over no organic manure in spring maize.
The leaf yield and yield components were higher in
manure fertilized fodder maize as compared to
fertilization with NPK (Fasae et al., 2019). Shah and

Wani (2017) revealed that combined application of
vermicompost @ 5.5 t/ha + FYM @ 5.5 t/ha was
statistically at par with the 100% RDF (60:60:30 kg/
ha) but it was significantly higher than control in relation
to cobs/m?, cob length (cm), number of grains per
cob and grain yield of maize.

Mohsin et al. (2012) revealed that application
of 50% N through urea and 50% from FYM produced
longer cobs (18.57 cm), maximum cob weight (216.4
g), maximum 1000-grain weight (279.1 g), higher
grain yield (5793 kg/ha) and maximum biological yield
(14880 kg/ha) in spring maize. Ramasamy et al. (2011)
concluded that the maximum kernel number of 598.55/
corn and highest length of 1.71 cnvkernel were noticed
in the plants cultivated on 75% vermicompost whereas
the maximum kernel breadth of all kernels (232.43
gm/corn) were noticed in the plants grown on 50%
vermicompost concentration.The highest forage yield
of 360.26 g/ha and 358.48 g/ha of maize during first
and second year of investigation was recorded with
the application of 30 t/ha of FYM (Bhat et al., 2021).
Geng et al. (2019) revealed that compared with
chemical fertilizer treatments, equal amounts of
substitutions with cow manure increased production
and the substitution not only provides enough nutrients
but also improves the soil environment and leads to
increased yields. Tanwar et al. (2016) at Shivamogga,
India revealed that plots that received organic manures
+ chemical fertilizers recorded a significantly higher
grain and stover yield over plots that received N
through chemical fertilizer alone. Kumar and Pitchai
(2010) at Madurai, reported that the highest grain yield
(4402 kg/ha) of irrigated maize was recorded in
treatment that received vermicompost @ 5 t/ha with
75 per cent RDF and it was found superior to over
other treatments. Zaremanesh et al. (2017) showed
that application of vermicompost had significant impact
on corn yield.

Puri and Tiwana (2008) studied the effect of
organic and inorganic sources of nitrogen in forage
maize and observed that dry matter and green fodder
yields were increased significantly by addition of FYM.
The increment in green fodder yield (375.5 g/ha) by
10% and dry matter yield (99.6 g/ha) by 11.3% was
observed when FYM was applied @ 25 t/ha over no
FYM.The application of 50% RDN through FYM +
50% RDN though bio-compost recorded higher green
forage yield (352 g/ha) of maize, as reported by
Shekara et al., 2020. Paradkar (2008) concluded that
highest maize grain yield of 6.19 t/ha was observed
with the application of FYM @ 6 t/ha which was
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significantly higher than the control. Among various
organic manure applications viz. vermicompost, FYM
and poultry manure, the application of FYM @ 7.5 t/
ha gave higher maize yield which was at par with
vermicompost @ 2.5 t/ha, while significantly higher
than poultry manure, as concluded by Lingaraju et al.
(2010).

2.3 Quality parameters

Nagavani and Subbian (2014) at TNAU,
Coimbatore recorded higher phenol content (0.0190%)
in maize grain with the application of 100 per cent
RDF through vermicompost. Application of FYM @
30 t/ha+ Azotobacter + PSB recorded higher crude
protein and crude fiber in fodder maize Cv. African
Tall (Bhat et al., 2021). Naikwade et al. (2012)
revealed that crude protein, water-soluble reducing
sugar in leaves and stem was higher in the treatment
containing vermicompost at nutrient source in fodder
maize over other treatments. Choudhary and Kumar
(2013) reported that the uptake of nitrogen,
phosphorous and potassium was higher at application
of vermicompost in maize.

Higher nitrogen (217.03 kg/ha), phosphorous
(21.17 kg/ha) and potassium (208.14 kg/ha) uptake
at harvest was recorded in fodder maize under
application of 50% RDN through FYM and remaining
50% RDN through poultry manure as top dress at 30
DAS (Naveena et al., 2021). Mahesh et al. (2010)
revealed that combined application of FYM 10 t/ha +
RDF of NPK (150:75:40 kg/ha) recorded higher
nitrogen, phosphorous and potassium uptake (160.8,
41.9 and 77.8 kg/ha, respectively). Bunker et al. (2013)
from Gujarat reported that higher protein content of
10.43% was achieved under application of 100% NPK
+ FYM @ 5 t/ha which was significantly higher over
control. Higher protein content in maize was recorded
with the application of vermicompost @ 1.5 t/ha over
vermicompost @ 1.0 t/ha and vermicompost @ 0.5 t/
ha and control, as concluded by Meena et al. (2007).

2.4 Soil properties

Janwal (2006) reported that application of
farmyard manure increased significantly the available
N, P and K status of the soil after maize harvest. The
available P status of soil also increased significantly
due to the residual effects of FYM and fertility levels.
Choudhary and Kumar (2013) reported that the
physical parameters like porosity, maximum water
holding capacity, field capacity, permanent wilting point

and bulk density were recorded higher when the crop
was supplied with FYM. Similarly, chemical
parameters like pH, soil organic carbon, available
nitrogen (N), phosphorous (P) and potassium (K) were
recorded better under vermicompost. Shilpashree et
al. (2012) reported that the available nitrogen was
recorded lower under chemical fertilizers than the
organic matter (FYM and vermicompost) application.

Rao et al. (2017) at Rajendranagar revealed
that with the application of FYM and vermicompost
there was significant increase in the porosity as
compared to the control. Chaudhary et al. (2019)
reported that application of FYM @ 10 t/ha recorded
significantly higher N content at 30 DAS and at harvest
than no FYM. Application of FYM @ 10 t/ha recorded
significantly the highest uptake of N, P, K, S, Fe, Mn,
Zn and Cu by crop at harvest. Sheikh and Dwivedi
(2017) at Ujjain revealed that pH (7.14), electric
conductivity (1.84 ds/m), organic carbon (198.53 g/
kg), nitrogen (246.57 kg/ha), phosphorus (55.24 kg/
ha), potassium (438.52 kg/ha), zinc (320.13 ppm),
copper (289.34 ppm), iron (239.34 ppm) and
manganese (248.37 ppm) were found more in
vermicompost followed by farmyard manure
application.

2.5 Economics

Shah and Kumar (2014) reported that
maximum mean net returns (Rs.87297.5/ha) and B:C
ratio (1.6) with the application of NPK 50% RDF +
FYM @ 15 tonnes/ha. Choudhary and Kumar (2013)
studied that the gross and net return were higher with
the application of vermicompost. Viswanath et al.
(2019) reported that maximum net returns of 57333
Rs./ha and benefit: cost ratio value of 2.68 was obtained
in treatment of 100% RDF + Vermicompost @ 05 t/
ha as compared to control. The higher net returns
(Rs.53043/ha) and benefit cost ratio (2.67) in fodder
maize was achieved with the application of 50% RDN
through FYM and remaining 50% RDN through
poultry manure as top dress at 30 DAS (Naveena et
al., 2021). Mahato et al. (2020) reported that
application of vermicompost @ 2 t/ha along with 75%
RDF and 0.5% foliar application of ZnSO, (T))
exhibited maximum net returns (Rs. 77112/ha), BCR
(2.33) over application of 100% of RDF in maize.

Makwana et al. (2016) at Gujrat revealed that
the maximum net realization of 37187 Rs./ha and
benefit: cost ratio of 1.37 was obtained under treatment
100% RDF + FYM @ 10t/ha. Combined application
of 100% NPK (150:75:40 kg/ha) + FYM 10 t/ha
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recorded the highest gross returns of Rs. 44,375/ha
and benefit-cost ratio of 2.62. Lowest gross returns
(Rs. 31,970/ha) and B: C ratio (1.99) was achieved in
100% RDF. Significantly higher B: C ratio of 2.78 and
2.84 and net return of Rs. 54,888/ha and Rs. 56,840/
ha were achieved with application of 100% RDF +
vermicompost @ 5 t/ha over 100% RDF + goat
manure @ 5 t/ha during both the years, as reported
by Maruthupandi and Jayanthi (2017).

FUTURE PROSPECTS

There are numerous short-term studies on the
positive impact of sewage water irrigation in maize
crop; however, its long-term effects have not been
studied yet. Sewage water contains a high amount of
organic matter, nutrients and certain heavy metals.
The sewage water may increase salts concentration
in soil resulting in degradation of soil and loss of its
productivity. Consistent application of sewage water
may result in crossing the critical limit of heavy metals
in soil. Accumulation of higher amount of heavy metal
in maize further raises human and animal health related
risks. The sewage water can have pathogenic
microbes in it, which may lead to unpredictable disease
outbreak. So, there is a need for long-term studies for
the impact of sewage water irrigation on field, plant,
human and animal health.

As in this contemporary era, the researchers
focus more on the high yielding varieties to feed the
ever-growing population, the need of nutrients for these
varieties cannot be fulfilled only by the organic
manures, however enrichment of organic manures by
the application of nutrient like phosphorous during their
preparation can cope up with this issue. The main
challenge in organic manure is they have high ammonia
content which leads to odour emission after
composting. Composting and vermicomposting
process are a source of secondary pollution through
the emission of greenhouse gases. This shortcoming
can be overcome by fortifying waste with carbon
bulking agents and mature compost.

CONCLUSION

Organic manures are rich source of nutrients
and they help in nutrient availability through production
of organic acid, ligand formation and chelation. Organic
manures were found to enhance macro and micro
nutrient content in soil, in plant parts like leaf, stem
and cob. Organic manures also enhanced

microorganism activity because microorganism uses
carbohydrates as raw material. Organic manures were
found to improve the soil physico-chemical properties
like porosity, pH, aggregation,water holding capacity
and organic carbon (labile and non-labile pools). Due
to higher availability of nutrients and favourable
conditions provided by the organic manure, the maize
plant has found to have higher nutritional concentration,
yield and grain quality. However, nutritional solubility
is not possible without optimum moisture in soil. The
composition of water generally used for irrigation have
no or minimal nutrients. Sewage water have
significantly higher level of nitrogen, phosphorous and
micronutrients like iron, manganese, zinc and copper
than normal water used for irrigation, but it have
imbalanced salt ratio in it. Though, the salt and heavy
metal concentration in soil were found within limit.
The irrigation of maize with sewage water resulted in
enhanced growth, increased yield and higher nutrient
uptake and protein content. However, the careful
attention should be kept towards soil and environment
continuously.
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