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1. INTRODUCTION

Maize (Zea mays L.), queen of cereals, is the third important cereal crop in
India followed by rice and wheat. India occupies fourth, sixth, and tenth places in
area, production, and productivity respectively in the world (2014). It is cultivated
in an area of 8.55 M ha. in 2014-15 and has a production of 21.81 M tons with an
average productivity of 2510 kg ha™ in 2015-16. The Minimum Support Price for
maize in India during 2017-18 is ¥ 14.25 kg'' (DES, 2017). Among the states in
India, Karnataka occupies first position in area and production while Tamil Nadu
ranks first in productivity. It is a crop having a variety of uses such as food for man,
poultry, cattle feed, dairy products, industrial raw materials etc. Though maize is
not a major crop of Kerala, maize grain products and speciality maize types like
sweet corn, baby corn and popcorn are consumed by the people mainly in urban
and sub urban areas. Owing to the increasing demand of maize in the market, the
rice fallows can be effectively and economically utilized for maize cultivation,

which is otherwise kept as fallow.

The issue of water management has assumed paramount importance and
occupy the centre stage of politico-economic debates in worid. The sharp fall in
groundwater levels due to excessive removal for agricultural and other uses coupled
with the high cost of fuel and electrical energy used in drawing groundwater and
poor water use efficiency (WUE) due to wasteful practices are affecting the
economics of water use in all spheres of human activity. The situation is forcing the
researchers to search for viable technological options to meet future water needs.
Poor use efficiency of water is the major bottleneck in attaining sustainable
agricultural development, food safety and security in future. These goals can be
achieved only with the rational and scientific management of production inputs.
Many agronomical practices were developed and suggested to increase WUE in
crops. However, a complete strategy to develop combined solutions for several
difficulties has been indefinable. The practices like limited irrigation scheduling,

application of mulches, anti-transpirants and hydrophilic polymer has increased the



duration of moisture availability with an increase in the amount of available

moisture in the soil.

Maize appears to be relatively tolerant to water deficits during the vegetative
and ripening period. But studies have revealed that irrigation has improved maize
yields significantly. Coarse textured sandy soils are often prone to water scarcity.
Hence it is important to increase the water productivity. Hydrogel (super absorbent
polymer), a water retaining, cross linked poly acrylamide, hydrophilic
biodegradable amorphous polymer which can absorb and retain water about 400
times of its original weight and 95 % of absorbed water was made available for crop
(Johnson and Veltkamp, 1985). Hydrogel not only increases the quantity of
accessible moisture in root zone of crop, but also improves the fertilizer use
efficiency and the physical properties of soil and soil less media. Hydrogels are
reported to be a new technology to improve the WUE and to reduce the irrigation
frequency. Hydrogel, in sandy soil increase its water holding capacity as a miniature
water reservoir, thus influencing the infiltration, permeability, and density of soil
(Narjary et al., 2012). Hydrogels are environment friendly, principally produced
from manufactured polymer and a certain moderately degraded by both living and
non-living factors of environment, over a certain period of time (Narjary ef al.,
2015). The availability of water in soil is the most important input for plant growth.
Agricultural hydrogels have incredible potential to increase physical, chemical and

biological properties of soil along with storage of water (Kalhapure et al., 2016).

Mulching the crops with locally available materials is a common practice
among farmers to reduce moisture loss and soil erosion. Being a relatively new
technology, the efficiency of hydrogel application to agricultural lands should be
compared with mulching practices. Hence, with the following objective this

experiment was conducted.

e To study the effect of hydrogel (super absorbent polymer) and mulching on

soil moisture status, growth and yield of maize.



REVIEW OF LITERATURE



2. REVIEW OF LITERATURE

In this chapter, efforts have been made to review the outline of research
carried out by the earlier workers and their findings on the given research theme

which will be helpful and is directly linked with the objectives are presented.

The literature on hydrogel, mulching, their effect on growth and yield of
maize and also on the physical and chemical properties of the soil are reviewed

here.
2.1 EFFECT OF HYDROGEL ON MAIZE
2.1.1 Characteristics of super absorbent polymer - hydrogel

Polymer is the substance which absorb and hold high amount of liquid based
on its relative mass. The liquid absorbed by polymer can be water or an organic
liquid (IUPAC, 2004). Three different classes of superabsorbent polymers are
normally utilised viz. natural, semi-synthetic and synthetic polymers. Manufactured
polymers are present in the form of tiny beads or crystals which are available under
several trade names like root watering, drought crystals and super absorbent
polymers, collectively known as hydrogels. These hydrogels are having high
capability to absorb water when water is available and make that absorbed water

available to plants over the period of time (Akhter ef al., 2004).

According to Wallace (2000), presently 80 per cent (%) of water resources
are available in the world for supporting irrigated agriculture. As resources of water
decreases, water saving agriculture is required for the sustainable growth of human
societies. Besides, due to climate changes droughts are predicted to increase

(Gornall et al., 2010).

Initially hydrogel was the material which absorb 20 times more water than
its own weight. Because of the availability of more cross-linked polymer having

high water holding capacity increased to 400 to 2000 times than its weight and its



less cost has revived interest on the utilization of hydrogel in Agriculture (Dar

etal.,2017).

Unlike hydrogel used in hygienic applications having the capacity to absorb
fluid and hold it with high pressure, the agricultural hydrogel not only has the
capability to absorb water, but also to discharge water constantly to the plants, based

on its requirements (Kalhapure et al., 2016).

Johnson and Veltkamp (1985) stated that hydrogel is a water holding,
amorphous and biodegradable polymer which can absorb and hold water about 400
times than its original weight and at least 95 % of absorbed water is made available

to the crop within the 15 bar tension which is permanent wilting point (PWP).

When hydrogel is mixed with soil, an amorphous gelatinous mass is formed
on hydration and is having the capacity to hold it for a longer period of time in soil.
Because of its capacity to absorb and release water for a longer period, hydrogel
acts as a slow releasing water source in the soil. Application of hydrogel decreases
the frequency of irrigation in almost all the crops, so it reduces the time and

currency expend on water application and labour charge (Dar et al., 2017).

In early 1960’s, an American enterprise “Union Carbide™ introduced the
super absorbents in to the markets. Hydrogel production was started at the later
period of twentieth century and were manufactured from the chemically altered
starch and cellulose, and from other polymers like polyvinyl alcohol or
polyethylene oxide. Presently, hydrogels are prepared from moderately nullified,
less cross-linked polyacrylic acid and are water swelling. Polyacrylamide
(C3HsNO), formulations with longer-chain polymers which are more active and
required in small doses compared to older polyacrylamide formulation which were
required in large quantities per hectare (Wallace and Wallace, 1986).
Polyacrylamide formulations are extensively used as synthetic hydrogel and is a
polymer made from many acrylamide subunits. It is manufactured as a simple linear
structural chains or cross-linked. Simple linked polyacrylamide is not used as a

hydrogel for water absorption because it dissolved in water. The N, N'-methylene-



bisacrylamide cross-linked polymers are manufactured as hydrogels. These were
made by imbedding and crosslinking of polyacrylamide on to a cellulose derived
backbone polymer chain, which is carboxymethyl cellulose. Acrylamide is toxic

(neurotoxic), while polyacrylamide is non-toxic (Kalhapure ef al., 2016).

Use of hydrogel is not effective when hydrogels are used as dry granules or
mixing them within the whole root zone (Flannery and Busscher, 1982). Improved
effects were found when the hydrogels were layered and applied few centimeters
beneath the soil surface. Water absorption by hydrogel was fast in distilled water
and reached to the maximum in 4 hours, but it needed 7 and 12 hours in tap and
saline water respectively. As the salinity of water increases water absorption by
hydrogel decreases. Highest absorption is in distilled water (505 g g™') followed by
tap water (212 g g') and saline water (140 g g™') in Ist hydration cycle (Akhter
et al., 2004). When hydrogel absorbs water contains Ca*™ and Mg*" ions, these ions
react with negative sites of polymeric chain resulted in the formation of insoluble
salts and these salts can block the negative ion sites of polymer chain. As the salinity
of water and upcoming cycles of wetting and drying process increases, the blockage
of polymeric chains increases, finally the water absorption capacity of hydrogels

decreases (Kalhapure ef al., 2016).

In soil, hydrogel particles are considered as "miniature water reservoirs".
From these minute water reservoirs plants absorb water by the process of osmotic
pressure difference and favour the uptake of nutrients from soil by retaining the
nutrients tightly and delays its dissolution. Consequently, plants can absorb more

amount of nutrients, resultant in enhanced plants growth (Ekabafe ef al., 2011).
2.1.2 Effect of hydrogel on growth and growth parameters of maize

Under limited irrigation, plant existence rate was 1.4 to 1.6 times greater
with hydrogel application (Callaghan ef al., 1988). Boatright et al. (1997) reported
that application of hydrogel enhanced growth of crop by increasing the water
holding capacity of soil and extending the period to wilting point in drought stress

conditions.



Incorporation of hydrogel in to the soil enhanced the water and nutrients
status of the soil and those were made available to the crop as per the requirement
of crop (Gehring and Lewis, 1980). Ability of water absorption and dry matter
production are the optimistic crop reactions of hydrogel resulted in increased plant

growth (Johnson and Veltkamp, 1985).

Hydrogel application enhance the seedling growth and crop establishment
through increased water holding capacity of soil and regulated water supply to the
plants (Woodhouse and Johnson, 1991). Enhanced seedling emergence and growth

were observed in barley by Akhter ez al. (2004) and in maize by Mazen et al. (2015).

Increased growth of maize was observed with increased concentration of
hydrogel up to 0.4 %. The maximum root length was observed with 0.4 % hydrogel
application and an increase of 90.6 % was obtained in the root length of maize than
the control. Water content of maize plants and dry matter production were greatly

improved by all hydrogel treatments used in sandy soils (Mazen et al., 2015).

In maize, water stress reduces plant height, leaf area, growth and yield
(Cattivelli ef al., 2008). Results showed that hydrogel application had positive
effects on dry matter production and grain yield of maize by maintaining soil
moisture during the vegetative growth period (Dragicevic ef al., 2011). It also
significantly increased the plant height, stem diameter, leaf area, harvest index and
RLWC, as well as protein, sugar and starch contents in grain (Islam ef al., 2011;

Mao et al., 2011; Kumari et al., 2017).

Application of hydrogel results in significantly higher emergence count (180
m2), plant height (79 cm), effective tillers (264 m™), grains per panicle (69), grain
yield (2.33 t ha!') of aerobic rice as compared to control (Rehman ef al., 2011).
Coating of bajra seeds with hydrogel @ 10 and 20 g kg seeds significantly
increased the number of effective tillers, ear length, test weight, grain and stover

yield compare to control and water soaking treatment (Singh, 2012).

KA



Leaf area is a good indicator of photosynthetic capacity of the plant. In
soybean application of hydrogel significantly increased the leaf area and other
growth parameters like crop growth rate, harvest index, total dry matter and yield
(Yazdani et al., 2007). He also studied the influence of hydrogel on water stress, on
quality and quantity of soybean seed protein and found that seed protein was

significantly influenced by application of hydrogel.

Sendur et al. (2001) concluded that application of hydrogel significantly
improved the root length and root dry weight. In tomato increased concentration of
hydrogel application, significantly increased the root characteristics like root
length, root volume, root fresh and dry weight at harvest due to well maintenance
of water by hydrogel for a longer period (Meena ef al., 2011). Similarly, in a pot
culture study by Keshavarz et al. (2012) reported that incorporation of hydrogel @
1.4 g pot to the root zone of crop significantly improved the root dry weight in

loamy sand soil, but the improvement was not significant in loamy soil.
2.1.3 Effect of hydrogel on yield and yield attributes of maize

Volkamar and Chang (1995) showed that grain yield of barley increased by
15 % and biomass by 23 % by hydrogel @ 1.87 g kg™! soil, which was either due to
more grains per spike or larger grains. Hydrogel applied @ 200 kg ha™ in sandy
soils of Iran showed that there was significant increase in the growth and yield
parameters like number of branches per plant, seed yield, biomass yield, pod yield,
and 100 seed weight of groundnut (Azarpour et al., 2013). Hydrogel applied @ 2.5
kg ha! considerably improved the dry matter, root growth, grain yield and WUE of
both soybean and wheat in sequential cropping system (Narjary ef al., 2015).

Mazen (2015) stated that drought stress reduced the grain weight and
application hydrogel significantly increased the number of grains, number of rows
and test weight. Kumari ef al. (2017) also reported that hydrogel application @ 20
kg ha! resulted in significantly higher number of cob plant™, grain rows cob™,
number of grains cob!, weight of grains cob™, test weight and shelling percentage

compared to 0 and 15 kg ha! of hydrogel.



Magalhaes et al. (1987) observed that yield increase maize was low with low
and medium dose of hydrogel application, while it was significant with high and
very high dose of hydrogel application. The increase in yield was about 29.2 % and
27.8 % respectively. Lower dose (7.5 kg ha') of superabsorbent polymer may be
not sufficient to meet the water and nutrient needs of maize. Medium dose
application (11.2 kg ha') can brought some significant variation in crop
performance. However, higher dose (15 kg ha™') will be an optimal dose for maize
cultivation as it carries significant improvement in grain yield. Yangyuoru ef al.
(2006) also observed that the amendment of soil with natural and synthetic hydrogel
increased maize yields by 36 %, and 31 % and increased bio mass yield by 92 %

and 81 % respectively, than the control (without hydrogel).
2.1.4 Effect of hydrogel on soil physical properties

Maximum benefit of hydrogel on water storing was also depends on soil
texture. Coarse textured soils with large pores hold very small amount of water than
fine textured soils. Water holding capacity of hydrogel was maximum when
hydrogel was incorporated in coarse textured soil than fine textured soil.
Application of hydrogel reduced the bulk density of loamy and sandy soil, but there
is small rise in the bulk density of clay soil. On the contrary, porosity of clay loam

and sandy soils were increased with hydrogel application (Uz et al., 2008).

Application of hydrogel will be a good management practice for maize
production in soils with less water retaining capability where rain or irrigation water
and fertilizer often percolate beneath the root zone in a short period leads to poor

WUE (Dar ef al., 2017).

Drought is one of the most important problems to be solved in arid lands.
Several studies have been focused on the efficacy of hydrogel uses in sandy soils
and in soils of desert areas. Available soil water content and irrigation interval are
enhanced by hydrogel application. As the dose of hydrogel was increased, the
availability of water in the soil as well as the irrigation interval was also increased.

Hydrogel prolongs the plant nutrient and water uptake by releasing the water slowly



over a longer period. This reduced the water usage and improved the physical
properties of soil. Moreover, the bio mass production was noticeably improved by

efficient use of nutrients for plant growth and development (Gunes et al., 2016).

The soil amendment with hydrogel slowed down the rate of soil moisture
loss and thus delayed the wilting of seedlings. Extending the period of PWP to 1.5,
2 and 5 days in sandy loam soil with increase in polymer concentration by 0.1, 0.2

and 0.3 % respectively were reported by (Akhter ef al., 2004).

Hydrogel application improved the physical condition of soils like porosity,
bulk density, water holding capacity, soil permeability, infiltration rate, etc.
Improvement of soil porosity enhanced seed germination, seedling emergence rate,
and root growth. It also improved biological/microbial activities in the soil that
enhanced the aeration in root zone of plants. Increased water retaining ability in the
root zone due to hydrogel application decreased the nutrient losses through
leaching. Agricultural hydrogel can be used for all crops and all type of soils (Dar
etal., 2017).

Hydrogel improved hydro physical and biological properties of the
unproductive areas. Increased dose of hydrogel increased the maximum water
content, PWP, water available for plants and drainage capacity and decreased bulk
density. Hydrogel application also showed less rate of drying of plants and plant

survival duration extended at the time of water stress (Baran et al., 2015).

Hydrogel application in winter wheat crop showed the positive effects on
soil physical properties. Hydrogel applied @ 200 kg ha™' significantly improved the
water absorption capacity and presence of water stable hydrogel aggregates didn’t

cause any adverse effect on microbial community (Li ef al., 2014).
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2.1.5 Effect of hydrogel on soil moisture content

Hydrogel application preserved the water and increased the capability of soil
to store moisture, ensured its availability, increased RLWC and finally increased

the plant growth under moisture stress condition (Kramer, 1988).

Generally sandy soils are having less water holding capability. Application
of hydrogel at 0.4 % increases the water holding capacity, maintains proper

infiltration of water and reduces the deep percolation losses (Al-Darby, 1996).

A field experiment was conducted by Dass e al. (2013) stated that hydrogel
applied @ 5 kg ha™' significantly increased the soil water status at various depths

like 0-15, 15-30 and 30-45 cm during all the crop growth stages of sorghum crop.

The application of high levels of Superab A200 @ 2, 4, 6 and 8 g kg' soil
enhanced available water content approximately by 1.8, 2.2 and 3.2 fold in sandy
loam, loamy and clay soils respectively as compared to that of the control and
application of hydrogel increases the number of days to reach PWP. They also
reported that the increase in saturated water content is in proportion to hydrogel
application and the maximum value of saturated water content was with hydrogel

@ 6 g kg soil (Dar et al., 2017).

Sandy soils were amended with hydrogel @ 0, 0.5, 1.0 and 2.0 % (w/w) and
water retaining curve of sandy soil was found by using Richard’s pressure plate
apparatus. Hydrogel changed the soil water holding properties. Soil moisture at FC
showed 400 % increase in the water holding capacity when amended with hydrogel
than control and at PWP also showed similar results. There was an increase in the
stored moisture content and saturated moisture content in available moisture tension
range (0-15 bars) and available moisture in the soil enhanced 2.3 times than the

control (Koupai et al., 2008).

Hydrogel applications enhanced the moisture holding capability and provide

a protection against the moisture stress. Drought stress leads to production of
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oxygen radicals, which results in increased lipid peroxidation and oxidative stress
in the plant. Use of superabsorbent polymer could reserve different amount of water
and increased the soil moisture retention capacity and finally decreased the drought

stress (Nazarli et al., 2010).

Abdulaziz and Al-Harbi (1996) stated that application of hydrogel was more
effective when cucumber plants were grown under 25 % FC soil moisture level.
Hydrogel application increases the irrigation interval by enhancing the available

soil water in the root zone of the crop (El-Hady et al., 2009).
2.1.6 Effect of hydrogel on WUE and nutrient use efficiency

Low moisture retaining capability, poor fertility and high percolation losses
of soil moisture resulted in low crop productivity and reduced water and nutrient

use efficiency in sandy soils (Rigas ef al., 1999; Sivapalan, 2006).

It was stated that, under moisture stress condition application of hydrogel
increased the plants survival rate, WUE and DMP (Azzam, 1983). Hydrogel was
used as a moisture holding substances in agriculture because when it is amended in
soil, it holds high amount of moisture as well as nutrients and under moisture stress
condition this preserved moisture and nutrients slowly released to the plants as per

its requirements and finally enhanced the plant growth (Yazdani et al., 2007).

Mikkelsen et al. (1993) observed that addition of hydrogel to the fertilizer
solutions reduced nitrogen losses through leaching up to 45 % as compared to

nitrogen fertilizer alone.

Magalhaes et al. (1987) found a decrease in leaching of nutrients like
ammonical nitrogen, calcium, magnesium and potassium due to the presence of

hydrogel. Increased N utilization was also observed by Dragicevic et al. (2011).

In sunflower, application of 100 % RDF (80:60:30 NPK kg ha™') along with
hydrogel @ 2.5 kg ha™! in furrows recorded maximum moisture content at various

growth stages (Gaikwad et al., 2017).
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Results of the studies by Orzolek (1993), revealed the benefits of hydrogel
application to soil. It increases the water holding capacity and soil nutrient reserves.
Different enzymatic activities are the signs of microbial population in the soil. The
enzymes like acid phosphatase, alkaline phosphatase, dehydrogenase, protease and
urease were enhanced with hydrogel application in sandy soils (Borivoj et al.,
2006). According to De Mamann et al. (2017), there was increase in the nitrogen
fertilizer use efficiency in wheat crop by using hydrogel. The maximum nitrogen
use efficiency was found with 30 and 60 kg ha' of polymer, irrespective of the year

and sequential cropping system.

Islam er al. (2011) reported that total N content at 0-15 cm soil depth was
enhanced with reduced superabsorbent polymer dose, while an enormous
enhancement of 19.3, 36.6 and 35.8 % respectively was observed with medium,
high and very high hydrogel doses. Total nitrogen content at 15-30 cm depth was
lower than surface level (0-15 cm) and it vary with different levels of hydrogel
application. Available phosphorous content at 0-15 cm depth enhanced with
medium, high and very high hydrogel doses by 20.5, 44.3 and 55.6 %, respectively
and at 15-30 cm depth, it extended from 10.5 to 56.8%. Exchangeable K enhanced
incredibly at 0-15 cm depth for high and very high polymer doses while the quantity

at 15-30 cm did not change with superabsorbent polymer.
2.2 EFFECT OF MULCHING ON MAIZE

Agricultural sector consumed 60 % of the total water use in the world and
was extremely sensitive to water shortages (Lin ef al., 2012). Rapid increase of
world population, pollution of natural resources, global warming and climate
change are increasing pressure on limited water resources and which caused a
serious depletion of agricultural irrigation resources. Unavoidable global warming
had been in progress with more frequent occurrences of extreme weather, which

resulted in increasing water shortages (Kang et al., 2017).

The arid and semi-arid regions of the world have particularly faced serious

water scarcity problems due to limited rainfall and greater soil-moisture

29
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evaporation (Li et al., 2000). As a result, farming practices are being developed in
those regions aiming at conserving soil moisture. The practice of straw mulching
was extensively used as a management practice to conserve soil moisture in the
world (Ji and Unger, 2001). In recent years, with the improvement of the level of
agricultural mechanization, about 90 % of the winter wheat is reaped by the
combined harvester. Therefore, a large amount of winter wheat straw is left over in
the field after harvest, which can be effectively utilized for mulching in the coming

summer maize crop (Shen et al., 2012).

Although, plastic mulch provided better yield (Mehan and Singh, 2015), in
many cases, straw mulch has been recommended because of its local availability

and convenience in application (Yin ef al., 2016).

The conservation of soil moisture is particularly significant for maize crop,
as it is sensitive to water stress (Tolk e al., 1999). In arid and semi-arid regions
water stress is a major limiting factor of crop productivity (Tavakkoli and Oweis,
2004). In most cases, continuous drought during critical growth stages of maize
along with reduced nutrient input leads to reduction in maize yield (Barron and

Okwach, 2005).

Rice husks are the major by-products from rice mills. World annual paddy
production now exceeds 300 billion kg from which about 60 billion kg of rice husk
available annually and this provides an opportunity to use as a mulching material

(Beagle, 1978).

Li et al. (2010) stated that various ridge and furrow methods with mulching

may control the moisture intake rate at various growth stages.
2.2.1 Effect of mulching on growth and growth attributes of maize

Mulching is a unique management practice for enhancing WUE and weed
control in the crop fields (Unger and Jones, 1981). Straw mulching might postpone

the leaf senescence and advances the physiological productivity at grain filling

\ "
A
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stage. High leaf area at later stages of maize crop was due to mulching. However,
increased canopy transpiration rate makes higher drought stress later within an
irrigation cycle, mostly if the soil moisture storage capability is inadequate (Tolk

et al., 1999).

Initial maize growth was delayed by heavy mulching as a result of low soil
temperature. However, maize grows taller and faster with heavy mulching
successively due to improved soil moisture and ambient temperature which
enhanced the root growth and development (Lal, 1974; Wicks et al., 1994). There
was an increase in the root length also observed by the application of mulch (Gill

et al., 1996).

Straw mulching obviously increased soil enzyme activities, to a certain
level of dose only and there was no extended effect and had some adverse effect
beyond 15, 000 kg ha'. Maize chlorophyll content was improved by straw
mulching, and the maximum chlorophyll content was observed at straw mulching

@ 12, 000 kg ha! (Zhang et al., 2015).
2.2.2 Effect of mulching on LAI

Maize growth is dependent on the capability of the canopy to interrupt
incoming radiation and translate it into dry matter (Gifford ef al., 1984). LAl is an
important index to study the structure and function of a farmland ecosystem. Crop
canopy structure and LAI affect biological and grain yield directly (Feng et al.,
2013). Significant increase in LAI with mulching was recorded by Li ef al. (2013).
Straw mulching @ 1.2 kg m™ inhibited the maize LAl in the early growth stage and
stimulated the LAI in the later growth stages of crop growth. However, no
significant difference in LAl was observed between mulching and non-mulching

treatments (Ma et al., 2017).



15

2.2.3 Effect of mulching on dry matter production

Dry matter accumulation is closely related to crop economic output. The
distribution rate of maize dry matter to stem, leaves and grains determines the dry
matter utilization efficiency in the yield formation process. Therefore, it is
important to observe the dry matter accumulation and distribution in maize (Karlen
et al., 1987). Straw mulching showed a significant effect on dry matter distribution
in maize. At early growth stages it promoted dry matter accumulation into
photosynthetic organs, which formed a larger photosynthetic source. At later stages
it increases dry matter weight in ear head in order to enhance grain production.
Since maize grains were formed after silking stage, but not all of the dry matter is
accumulate to maize grains (Ning ef al., 2013), it is hypothesized that dry matter
production and distribution is different in straw mulched and un mulched
conditions, resulting in different grain yield. Therefore, it is very necessary to find
out effective straw mulching measures to improve maize dry matter production and
distribution to grains. Increased dry mater production with straw mulching was

observed by Wang et al. (2015).
2.2.4 Effect of mulching on soil temperature

Reduction in the soil temperature due to straw mulching reduced the growth
in early stages and enhanced in the middle and late stages (Chen et al., 2004). The
optimum temperature required during the flowering stage was 24 to 28 °C. While
at grain filling stage the required temperature was 20 to 24 °C. If the temperature of
less than 16 °C is prevailed continuously for longer time (more than 20 hours)
between jointing stage and filling stage, the phenomenon of bald tip would be more

(Zhao et al., 2015).

Straw mulching reduced the soil temperature swing between the maximal
and minimal and minimize the soil temperature flux between day and night (Gill
et al., 1996; Novak et al., 2000; Chen ef al., 2004). Straw mulching decreased daily
maximum soil temperature by 1.5 to 3.7 °C, though it enhanced the minimum daily

soil temperature by 1.4 to 1.5 °C. Finally, mulching materials control soil
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temperature, which can augment or reduce crop yield. Similar temperature variation

also observed by Li et al. (2008).
2.2.5 Effect of mulching on weed control

Organic mulching could not permit light to fall on top soil, thus decreasing
the germination and growth of weeds, restricted by both the mechanical effect of
mulching application (Hembry and Davies, 1994), and by the allopathic effect of
mulches (Creamer ef al., 1996; Smeda and Weller, 1996).

In an experiment conducted by Moore et al. (1994) using triticale as a cover
crop mulch, reduced the weed population compared to the bare soil. Khan and
Parvej (2010) reported that rice straw mulch had significantly suppressed the weed
growth and weed dry matter production was less than that of the dry matter obtained

in control plot.

Sometimes, the natural mulches (straw, hay, husk and grass) are not good
for weed control as they may contain seeds which become weeds (Boyhan ef al.,

2006).
2.2.6 Effect of mulching on yield and yield attributes of maize

Application of straw mulch @ 12 t ha™' improved yield by 8.8 % than
control. The yield components like ear length, ear diameter, grains per ear and test
weight were also significantly improved by straw mulch application. Maize yield
and yield components were non-significant when straw mulching level was more

than 12 t ha'! (Zhang et al., 2015).

Crop productivity can be significantly affected by even a lesser variation in
soil moisture condition. Mulch could rise water output by decreasing evaporating
losses from soil and supply that moisture to the plants for a longer period of time
and subsequently enhance the yield or decrease the water input (Gill ef al., 1996;
Tolk et al., 1999; Wang et al., 2011; Shen et al., 2012; Stagnari ef al., 2014; Ma

etal.,2017; Yan et al., 2017). The outcomes of research on maize yields in relation
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to straw mulch are still conflicting, including beneficial effects (Liu e al., 2010;
Sharma et al., 2011; Wang et al., 2012; Liu ef al., 2014; Li et al., 2015; Zhang
et al., 2015), no clear effect (Govaerts et al., 2006; Huang et al., 2015) and harmful
effects (Fabrizzi et al., 2005; Gao et al., 2009; Gupta et al., 2016), however all
research were treated under similar amount of straw mulch @ 4.5 t ha’'.
Comparable useful outcomes were also observed in Mexico (Govaerts et al., 2006;
Verhulst ef al., 2011) and in India (Sharma et al., 2011; Lenka e al., 2013; Singh
et al., 2016). The reason of the yield-improving effects of straw mulching may be
due to stress in the crop root zone (Bansal et al., 1971), reduced loss of soil moisture
(Chaudhary et al., 1985) and aeration (Sandhu et al., 1986), improved field
microclimate (Li ef al., 2008), increased soil organic matter (Mupangwa et al.,
2013), soil carbon concentration (Kahlon ef al., 2013) and humic substances

(Szczepanek et al., 2016).

The greater number of grains cob™! in the wheat straw mulched plots may
be due to alterations in soil physical, chemical and biological features (Nill and Nill,
1993). Mulching level up to 6 t ha! improved the stover yield of maize. However,
mulching levels of 6 and 8 t ha™ improved the number of grains cob™' than the

control (Uwah and Iwo, 2011).

Gayjri et al. (1994) reported that application of mulch improved corn grain
yield in loamy sand from all 10 year’s research. However, mulching declined yields
of corn cultivated in sandy loam soil for few years and improved the yield in coming

years compared with corn in control plot.

Mulching significantly improved the grain yield and dry matter production
of other crops which are better for bearing of moisture stress, like sorghum, in
adverse environment conditions, like high evaporation and less water availability
(Tolk et al., 1999). Mulching significantly enhanced grain and dry matter
production only when it is efficiently inhibited soil water evaporation so that
maximum water was available for plants (Ma er al., 2017). Application of straw

mulch @ 1.5 t ha! in wheat crop improved the yields. However, to confirm
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important beneficial effects on both soil and various crop physiological indicators,
wheat straw @ 2.5 tha™ is crucial. While, it is indicated that wheat straw application

@ 5 tha improved crop produce and soil properties.

Pooled analysis showed significantly more grains cob™' and test weight with
mulching than no mulching because of adequate soil moisture throughout growing
season (Tolk ef al., 1999). Investigational confirmation (Singh et al., 2011) and
subjective indication from farmer field trials revealed that the existence of rice
straw mulching preserves or enhances wheat crop yields and soil water. The main
way to reduce soil evaporation might reserve moisture for succeeding usage by the
plant for transpiration and it can lead to greater yields of crop, predominantly as an
outcome of moisture conservation during the time of moisture scarcity period.

Besides, it can decrease the demand for irrigation.

The precipitation at flowering stage and the low temperature caused by
precipitation reduced the grain yield of maize. Straw mulching could keep heat and

reduce the influence of temperature changes on the crops (Li et al., 2008).

Previous researches had revealed that application of mulch could alter the
crop moisture intake patterns i.e., it could reduce initial evaporation, enhance future
transpiration and stimulate photosynthates accumulation. The three-years average
corn yield for various treatments were in the order as maize straw > biodegradable
film > plastic film > liquid film > control. Compared with un mulched treatment
plots, the average corn yields with corn straw, biodegradable film, plastic film, were
considerably improved by 13.0 %, 13.8 % and 15.0 % respectively. Furrows were
mulched with plastic film, biodegradable film, or straw could prevent evaporation,
increase soil water availability in the furrow, adjusted soil temperature and
stimulated corn development, thus considerably enhanced corn yield and WUE (Li

etal., 2013).

Application of mulch increased the number of cobs plant™, cob length and
diameter, tassel length, number of grain rows ear” and seeds row™, test weight,

weight of rachis ear’!, grain yield and greater harvest index (Khan and Parvej,
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2010). Uwah and Iwo (2011) assessed that the efficacy of organic mu'lch (Ganba
grass) in five doses (0, 2, 4, 6, and 8 t ha'') on maize and revealed that greater plant
height and number of leaves per plant were at 8 t ha' rate, although dry straw yield,
weight of grains ear”' and grain yield ha”' maximum at 6 t ha' dose. Rajput ef al.
(2014) studied the effect of dust, green weed, kans grass, legume, paddy straw,
subabul and wheat straw mulches @ 6 t ha! on corn under Guava based Agri-Horti

System. The maximum yield was found with paddy straw mulching.

The use of crop residue mulches bargains the chance of considerably
transforming the hydrothermal system of soil and, subsequently, attaining improved
rooting, plant moisture status and enhanced maize yields (Bansal ef al., 1971;
Chaudhary and Prihar, 1974; Gill et al., 1996). Mulches protect the soils from wind
and water erosions, which contribute directly to root stress and plant health

(Chalker-Scott, 2007).
2.2.7 Effect of mulching on nutrient uptake of maize

The straw mulch application could bring advantage to corn yield and yield
components because it might be efficiently progress soil nutrient availability,
improves crop development (Fang ef al., 2011) and stimulate chemical properties
of soil (Govaerts et al., 2006). Greater test weight in zero tillage plus wheat straw
may be due to correct water availability and recurrent availability of nutrients to
maize crop. Additionally, mulch can enhance soil physical properties (Zamir et al.,
2013). Application of rice husk enhanced the chemical properties of soil and
resulted in improved grain yield of corn. Rice husk improves the grain yield by
preserving the nutrients through reduced leaching losses from the root zone (Njoku

etal., 2015).

Greater soil moisture in top soil and low diurnal top soil temperature
deviation could be enhanced nutrient uptake, which will intensify the influence of
mulching on growth and development. Sustaining residue on top soil hasn’t
constantly give increased yields. Yield decreases under great residue quantities, was

owed partly to little N fertility (Unger, 1986).
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Organic mulches may leave residual effects for about 4 to 5 years (Tilander,
1993). Crop residues mulch improves soil moisture reserves, enhance soil organic
matter content and reutilize plant nutrients by decomposition, which directly
influence crop yield by providing crop nutrients and indirectly by enhancing
stability of aggregates and porosity of soil that improve soil quality and plant
growth (Celik ef al., 2004). The accumulation of nitrogen from straw mulches
appeared to be 0.127 %. Mostly, the organic mulches are far slower than the

chemical fertilizers in nutrient discharge to soil (Khan and Parvej, 2010).

Application of mulch is a desirable management practice which controls
farm environment and improves crop yield through decreasing nutrient losses by
run off (Smart and Bradford, 1999), leaching and ET (Liu et al., 2000), improving
the soil organic matter concentration (Roldan et al., 2003) and modifying the soil

temperature (Khan, 2010).

Mulch residue, besides regulating soil moisture and temperature, affects the
changes of soil organic matter which could reduce the C: N ratio of plant residue

by decomposing it (Chantigny, 2003).

Mulching treatments augment the total soil nitrogen when compare with
bare soil, probably attributed to an increased nitrogen metabolism by nitrogen
fixation that improve the protein production of the bacteria in nitrogen cycles.
Improper application of mulches, on the other hand, creates an anaerobic
environment under high precipitation situation, cause the nitrogen loss through
denitrification. Mulching changes the structure of soil microbiology and diversity
due to changes in soil moisture and soil temperature. Addition of organic matter to

the soil from organic mulches is, therefore, very important (Acharya ef al., 2005).

In the study of Smets et al. (2008), it was found that mulching materials on
the soil surface improved soil hydrologic characteristics by enhancing soil physical
and chemical properties. Organic mulches are very effective to increase soil quality
and crop yield (Sinkeviciene ef al., 2009). Too much organic mulch can lead to

excess moisture, creating new problems such as pests, anaerobic conditions and
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rotting of the roots that can damage the plants. Continues application of straw
mulches pollute the soil and reduce soil nitrogen because of its high C: N ratio
(Kasirajan and Ngouajio, 2012). High carbon resources like straw or stalks when
utilised for mulching, nitrogen from the soil might be utilised by microorganisms
for decomposition of those resources. Therefore, nitrogen may not be available for

plant utilization for certain period.
2.2.8 Effect of mulching on soil moisture and soil physical properties

Soil evaporation is not a valuable loss of moisture, apart from its effect in
regulating vapour pressure deficit (VPD) (Leuning ef al., 1994). In coarse-textured
soils the problem of moisture stress is severe due to low moisture holding capacity.
The organic mulching reduced direct evaporation from the wet top soil (Ji and

Unger, 2001).

Unger (1976) found that wheat straw mulch @ 4 t ha' notably decreases the
evaporation from the wet soil. Soil evaporation can contribute 30 to 60 % of total
crop water use from wheat crop (Cooper ef al., 1983), and it is a leading way for
the movement of soil moisture to the atmosphere during early growth period

(Yunusa et al., 1993).

Shading is very effective at initial-stages of drying a wet top soil (Bond and
Willis, 1970; Adams et al., 1976). Mulching decreases evaporation of soil moisture
mainly through covering top soil from sun (Li et al., 2008). Finally, significant
increase in soil-moisture storage under mulching because of reduction in soil

evaporation (Singh et al., 2015).

Scopel ef al. (2004) reported that mulching was effective in reducing crop
failure at field level due to increased water use efficiency. The high water content
of soil increases root proliferation and enhances the availability of nutrients to crop
roots (Sarkar, 2005). Straw mulching is known to play a significant role in reducing

soil erosion, conserving soil moisture, restraining runoff and total sediment yield
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(Zhang et al., 2015), increasing WUE (Fernandez and Vega, 2016) and soil

moisture (Fernandez et al., 2016).

Mulching is a viable option for reducing the soil evaporative losses and
increased crop yield through improvement in root growth due to conservation of
soil moisture and reduced soil temperature (Chaudhary and Prihar, 1974; Tolk
et al., 1999). Mulching @ 8 t ha™ showed the highest soil water content and lowest

weed infestation than the control (Uwah and Iwo, 2011).

According to Mbagwu (1989), organic wastes application decreases soil
apparent specific gravity and enhances total porosity of soil. Crop residue mulch
application @ 4 and 6 t ha”! improved chemical and physical properties of the soil
and finally increased grain yield of the crop (Bhatt ef al., 2004; Khurshid et al.,
2006). Mulching offers an improved soil environment, controls soil temperature,
enhances soil porosity and water infiltration rate at severe rain and maintains runoff
and erosion besides it suppress weeds development (Anikwe et al., 2007; Glab and
Kulig, 2008). Besides preserving water and preventing erosion, mulching also
enhanced the soil flora and fauna, suppress weeds growth and maintain maximum
crop productivity (Essien et al., 2009). The findings proved that rice husk upgraded
soil physical properties which improves the corn grain yield. Porosity significantly

changes moisture circulation and air exchange in soil (Uguru ef al., 2015).

Wang ef al. (2011) reported that the amount of soil moisture in surface
layers (0 to 20 cm and 20 to 40 cm) varied mostly among all the treatments at
different stages with higher soil moisture in ridges using wheat straw mulch. Ma
et al. (2012) indicated that below field capacity, a greater soil moisture content
resulted in a greater rate of emergence in maize. Soil drought delays the period of
emergence and decreases the emergence rate of maize. Therefore, in the early
growth stages of maize, soil moisture is a very important factor in determining plant
population and stable grain yield. At flowering stage, soil water content was far
greater in straw mulched plots than control plots. Soil moisture content enhanced

as straw mulch rate increases. LAI also increased by the straw mulch application,
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so that there is an increase in the transpiration ratio and phase evapotranspiration.
However, at harvest stage the soil moisture content was lesser in mulched plots than

control plots (Shen et al., 2012).

According to Mulumba and Lal (2008) the increased maize yield in
mulching is an effect of decreased soil moisture evaporation, reduced surface runoff
and increased infiltration. The amount of soil moisture conservation under different
mulching materials differs in different soil types and climatic conditions. In general,
the mulching treatments store higher soil moisture compared to the bare soil (no
mulch) (Chakraborty er al., 2008; Zhao et al., 2014). Soil moisture enhances

nutrients releasing rate and allows the transportation (Kiboi et al., 2017).

Application of straw mulching at 4-6 t ha! was found effective in improving
soil physical condition, including protection of the topsoil in tropical environments
(Lal, 1974). The efficiency of different mulching material with reference to soil
moisture was in the order as rice straw>water hyacinth>rice husk>ash>control. This
may be due to decreased evaporation (Cui er al., 1998), enhanced hydraulic
conductivity, water holding capacity (Xu et al., 1988), plant transpiration (Shekour
et al., 1987) and transmissivity (Mbagwu, 1990).

Khan et al. (1988) found that mulching with rice straw to be more effective
than plastic mulch. Begum e al. (2001) reported that the highest soil-moisture
storage was obtained with straw mulch among different mulch treatments. Liu
et al. (2010) reported that straw mulch @ 6 t ha™' saved 30 mm soil moisture storage

in soil profile of top 200 cm.

Khan and Parvej (2010) stated that rice straw residual mulch has no
influence on physical properties of the soil. However, it preserves highest soil
moisture throughout the growing period of crop than other mulches.
Ashrafuzzaman et al. (2011), on the other hand, did not find any significant
difference in soil-moisture contents among the various mulch treatments, but, they
always obtained greater soil moisture content under mulch treatments than the bare

soil.

o
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Bacterial populations increase under organic mulches due to different
chemical compositions and decomposition rates of organic materials (Mukherjee
et al., 1991). Mulching also enhances the soil biotic activities of earthworms (Lal,
1998) and other soil fauna that improve the soil structure and quality (Doring ez al.,

2005).

Anikwe ef al. (2000) stated that rice husk @ 4.5 t ha™' could be utilised as a
substance to change the physical properties of clayey soil. It improves the total
porosity, saturated hydraulic conductivity, decreased bulk density and infiltration
resistance and finally improved moisture transmissivity, soil aeration and microbial
activity of clay soil. The mulches reduce deterioration of soil quality by preventing
runoff and reducing soil loss that improves soil aeration, soil structure, organic
matter content and physical properties of the soil. The effect of mulching on soil
bulk density varies depending on type and properties of the soil, type of mulch,
climate and land use (Mulumba and Lal, 2008). Application of compost mulch
decreases the surface runoff at and after precipitation, enhances infiltration and

decreases soil loss (Bakr ef al., 2015).
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3. MATERIALS AND METHODS

An investigation entitled “Effect of hydrogel and mulching on maize (Zea
mays L.) in sandy soil” was carried out at College of Agriculture, Padannakkad
during 2016-18 to study the effect of hydrogel (super absorbent polymer) and

mulching on soil moisture status, growth and yield of maize in sandy soil.

Relevant details about materials used, methods adopted and practices

employed at the time of research are described in this chapter.
3.1 MATERIALS
3.1.1 Experimental site

The field experiment was conducted at College of Agriculture,
Padannakkad, Kerala Agricultural University (KAU), Kerala. It is situated at
12°20"30” °N latitude and 75° 04' 15 °E longitude at an altitude of 20 m above the

mean sea level. This area enjoys a typical warm humid tropical climate.
3.1.2 Soil type

The soil of the experimental site is sandy in texture and the physical and

chemical characteristics of the soil are given in the Table 1.

3.1.3 Climate

The weather parameters were recorded for the standard weeks at the time of
crop period and are furnished in Appendix I and Fig. 1. The abstract of weather data

is given in Table 2.
3.1.4 Season

The field study was conducted in rabi season of the year 2017-18. The crop

was sown on 8" November, 2017 and harvested on 25" February, 2018.
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Table 1. The physical and chemical characteristics of the soil

Parameters Content Method used
pH 6.60 pH meter (Jackson, 1958)
- Conductivity meter
1

EC @S m™) 14 (Jackson, 1958)

Organic carbon (%) 0.54 Chromic acid wet
digestion method (Walkley

Organic matter (%) 0.93 and Black, 1934)

. B Undisturbed core sample
Bulk density (g cc™) 1.47 (Black et al., 1965)
. . 1 Pycnometer method (Black
Particle density (g cc™) 2.50 et al., 1965)
Porosity (%) 41.20 Black et al. (1965)
: " =

Soil moisture content (%) at Gravimetiic methad

FC .72 (Reynolds, 1970)

PWP 321 YOS,

Hydrogel expansion on 13136 times | e

weight basis (grams)

Textural analysis

0,

23':(202?) 8;'23 International pipette

Clay (%) 457 method (Robinson, 1922)
Alkaline permanganate

Available N (kg ha™") 112.90 method (Subbiah and
Asija, 1956)
Bray extraction and

Available P,Os (kg ha™!) 52.58 photoelectric colorimetry
(Jackson, 1958)

Available K20 (kg ha™") 178 ARG dostate

method (Jackson, 1973)

Gl
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Table 2. The abstract of weather data during the experimental period

Weather element Range Mean
Maximum temperature (°C) 30.64 —32.33 31.48
Minimum temperature (°C) 17.75 -22.36 20.05

Rainfall (mm) | = e 30.5
Relative humidity (%) 71.81 —82.29 77.05
Average daily evaporation (mm) 291-4.51 3.71
3.1.5 Crop variety

The variety used was DHM 117, a medium duration hybrid variety of about
90-105 days, released from Acharya N. G. Ranga Agricultural University,
Hyderabad. The grains are orange in colour with an average yield of 7.5 t ha™. It is
tolerant to stem borer and wilt disease. The stover is used as a livestock feed as it
contains some moisture at the time of harvest. It is suitable under zero tillage system

and its stem is tough enough to impart resistance to lodging.

3.1.6 Hydrogel (super absorbent polymer)

The hydrogel used in this experiment was PUSA Hydrogel, which is
released from division of Agricultural chemicals, Indian Agricultural Research
Institute, New Delhi. Hydrogel (super absorbent polymer), a water retaining, cross
linked poly acrylamide which can absorb and retain water at least 400 times than
its original weight and progressively discharges the same. It reduces irrigation and
fertilizer requirements of crops and it also improves physical properties of soils and
soil less media. It is moderately bio-degradable in soil by both ionic and microbial
action and finally it is converted to ammonia and CO,. Biodegradable hydrogels

contain to prepare the hydrogels. The labile bonds can be broken under

Un
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physiological conditions either enzymatically or chemically over a long period of
time. End-products after degradation were carbon dioxide, water and ammonia.
Acrylamide, a monomer used for hydrogel preparation can be neurotoxic, but
polyacrylamide itself is non-toxic. The polyacrylamide can never reform its
monomer. Hence there is no residual amount of acrylamide present in the soil after
degradation of hydrogel, especially when cellulose used as backbone. Acrylamide
residue was also not noticed in crop products which were grown with application
of hydrogel. So these hydrogels are safer to the environment (Ekabafe et al., 2011).
The half-life of hydrogels in general is in the range of 5-7 years and can withstand
high temperatures (40 to 50 °C) and are more suitable to semi-arid and arid regions

(Dar et al., 2017).
3.1.7 Source of seed material

Seeds of DHM 117 were purchased from Professor Jayashanker Telangana

State Agricultural University, Hyderabad.

3.1.8 Source of Hydrogel

Pusa hydrogel used in this experiment was purchased from Carborundum

Universal Limited and supplied by Kanakadhara Agriculture Innovations Pvt. Ltd.

3.1.9 Manures and Fertilizers

Well decomposed FYM containing 0.5 % N, 0.2 % P20sand 0.5 % K20 was
used for this experiment. The fertilizers used for the experiment were urea
containing 46 % N, complex fertilizer ammonium phosphate sulphate 20:20:0:13
contains 20 % N and 20 % P>Os and 13 % sulphur and muriate of potash containing

60 % K>0.
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3.2 DESIGN AND LAYOUT

Design : Factorial RBD (3% + 1)

Treatments :3x3+1=10

Factor A — hydrogel (3 levels) Factor B — Mulch (3 types)
H; —1.25 kg ha M) — Rice straw
H,—-2.5kg ha' M: — Rice husk
H3;—3.75kg ha' M3 — Coirpith compost

Control (KAU Package of Practices recommendations, 2016)
Season : Rabi season 2017-18
Replications :3
Gross plot size :4mx4.2m
Net plot size :3.6mx3.0m
Spacing :60 cm x 20 cm
3.2.1 Treatment combinations:
Ty : 1.25 kg ha'! hydrogel + Rice straw
T, : 1.25 kg ha™! hydrogel + Rice husk
Ts : 1.25 kg ha! hydrogel + Coirpith compost
Ta : 2.5 kg ha! hydrogel + Rice straw
Ts : 2.5 kg ha'! hydrogel + Rice husk

Te : 2.5 kg ha™ hydrogel + Coirpith compost
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T7 : 3.75 kg ha'! hydrogel + Rice straw

Ts : 3.75 kg ha'! hydrogel + Rice husk

To : 3.75 kg ha! hydrogel + Coirpith compost
Tho : Control (KAU Package of Practices)

Rice straw and rice husk @ 5 t ha! and coir pith compost @ 2.5 t ha™! were used

for the experiment.
3.3 FIELD EXPERIMENT
3.3.1 Land preparation

The land was ploughed uniformly, levelled and the stubbles were removed
and experimental plots were laid out as per the technical programme. Soil samples
were collected from the experimental plots for basic analysis. Individual plots were

levelled uniformly before sowing.
3.3.2 Application of hydrogel

Before application of hydrogel furrows were made at 60 cm apart to a depth
of 10-15 cm. Hydrogel was mixed with the dried sand and applied in the furrows
uniformly. After application of hydrogel furrows were covered with top soil and

seeds were sown on those furrow lines.
3.3.3 Seeds and sowing

Maize variety, DHM 117 was sown @ 20 kg ha™' at a spacing of 60 cm x 20

cm.
3.3.4 Application of manures and fertilizers

Farmyard manure was applied uniformly to all the plots @ 25 t ha™' as basal

dose and well mixed with top soil. Fertilizers were applied as per KAU package of
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Fig.2. Layout plan of the experiment
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practices recommendations (2016). Nitrogen was applied in three equal doses, first
as basal dose, second at knee high stage or grand growth stage and third at tasselling
stage. Full dose of P and half dose of potassium was applied as basal and the

remaining half dose of potassium was applied at tasselling stage along with N.
3.3.5 After cultivation

Gap filling was done one week after sowing and thinning was done 15 DAS
and one hand weeding was carried out along with thinning. Two earthing up
operations were also done, first at 25 DAS and second at 45 DAS at the time of

fertilizer application.
3.3.6 Water management

Irrigation was given at 75 per cent of pan evaporation at 5 days interval in

the initial stages and later on at an interval of 4 days.
3.3.7 Plant protection

Flubendiamide (Fame) @ 0.2 ml lit"! of water was sprayed to control leaf
roller below Economic Threshold Level at 25 DAS. Thiamethoxam (Thioxam) @
0.3 grams lit" of water was sprayed at tasseling stage for controlling aphid attack.
Flubendiamide (Tacumi) @ 0.3 grams lit"' of water was sprayed at milky stage to

control cob worm attack.
3.3.8 Plant sampling

Plant samples were collected at 30, 60 and 90 DAS and at harvesting stage

for biometric observations and chemical analysis.

3.3.9 Harvesting

Maize cobs were harvested at 110 DAS when the grains had an attractive

dark orange colour, characteristics of the particular variety.
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3.4 OBSERVATIONS
3.4.1 Observations on growth and growth attributes
3.4.1.1 Plant height

Mean plant height of five randomly chosen plants in each plot was recorded

at 30, 60, 90 DAS and at harvest stage and expressed in cm.
3.4.1.2 Number of leaves

The number of leaves was recorded by taking mean values of leaf numbers

from five plants from each plot at 30, 60, 90 DAS and at harvest stage.
3.4.1.3 Leaf area

The area of the single leaf was measured by using portable leaf area meter
and the total leaf area of the plant was calculated on area: weight basis at 30, 60, 90

DAS and at harvest stage and expressed in cm?.
3.4.1.4 Leaf Area Index

Leaf Area Index is a measure of extent of crop canopy covering the land.
Three plants from each plot were taken at 30, 60, 90 DAS and at harvest stage. The
leaves were separated. The LAI was worked out by using the formula given by

(Watson, 1952) as

LAJ = Leaf area occupied by the plant
Land area occupied by the plant

3.4.1.5 Dry matter production

Three plants were uprooted from the sampling area earmarked for
destructive sampling and recorded the total dry matter production at 30, 60, 90 DAS

and at harvest stage. The samples were dried in a hot air oven at 60 °C till they
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attained a constant weight. Total dry matter accumulation was expressed in

g plant™.
3.4.1.6 Relative Leaf Water Content (RLWC)

The method proposed by Weatherley (1950) which was later modified by
Slatyer and Barrs (1965) was used to estimate RLWC at 30, 60 and 90 DAS and it

was expressed in %. The formula is

Fresh weight — Dry weight
RLWC = - ; . X 100
Turgid weight — Dry weight

3.4.2 Observations on yield and yield attributes of maize
3.4.2.1 Number of cobs plant”’

Observation on number of cobs plant™ was recorded from five maize plants

in each plot at harvesting stage and their mean values were calculated and recorded.
3.4.2.2 Number of grain rows cob™

Five cobs were taken from each plot for recording the number of rows of
grains. Number of rows in each cob was counted and the average number of rows

was recorded for each treatment.

3.4.2.3 No. of grains cob™

Total number of grains cob™' was calculated from the total number of rows
of grain cob™ and total number of grains per row of five cobs and mean value were

taken.

3.4.2.4 Length of cob

Mean values of five cobs from the selected plants from each plot were taken

and length of cobs were recorded.
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3.4.2.5 Girth of cob

Girth of each cob was taken by measuring the circumference of the cob at
three regular intervals at the top, bottom and central portions. From the means of

these three readings, the mean girth of each cob was obtained.
3.4.2.6 Test weight (100 grains)

Hundred grains weight was taken for each plot and it was expressed in

gram.
3.4.2.7 Grain yield

At maturity stage, maize cobs were harvested from each net plot area. The
harvested cobs were air dried, shelled, cleaned and weighed. Grain yield ha™! was

computed from yield per net plot and expressed in t ha™'.
3.4.2.8 Cob yield

Before shelling of cobs, cob yield ha was computed from yield per net plot

and expressed in t ha™!.
3.4.2.9 Stover yield

After the cobs were picked up, the stover left in the field was also harvested
by sickle. They were put into bundles separately for each treatment. The bundles of
each plot were dried and weighed separately. Stover yield ha™' was computed from

that yield per net plot, which was expressed in t ha™.

3.4.2.10 Harvest index

It is ratio of economic yield of maize to that of biological yield.

i

»
L
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3.4.3 Observations on Plant analysis
3.4.3.1 Nutrient content of plant (N, P, K)

At harvest stage plant samples were collected and analysed it for N, P, K

nutrients content using standard procedures as given in the following table.

Table 3. Methods used to analyse N, P, K nutrients content of plant

S. No. Parameter Method Reference
1. Total N Modified  kjeldhal  digestion | Jackson (1958)
method
2 Total P Vanadomolybdate yellow colour | Piper (1966)
method
3. Total K Flame photometry Jackson (1958)

3.4.3.2 Nutrient uptake

Uptake of N, P and K nutrients were estimated by multiplying nutrient
content of the sample with respective dry weight of plant samples and expressed in

kg ha™'.

Percentage of nutrient X Total dry matter production (kg ha™')
100

Nutritive uptake =

3.4.4 Observations on soil analysis

3.4.4.1 Moisture content of soil

Moisture content of soil is estimated by gravimetric method of soil moisture
estimation. Soil samples were collected at 15 cm and 30 cm depths at sowing, 30,

60, 90 DAS and at harvesting stage for estimating moisture content of the soil.
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3.4.4.2 Physical properties of the soil

Physical properties of the soil like bulk density and porosity were estimated

before the start of the experiment and at harvest.
3.4.4.3 Nutrient status of soil

Before sowing and at harvest of the crop soil samples were collected from
each plot at 0-20 cm depth. Available N, P,Os and K20 of soil were estimated
before and after the experiment and were expressed in kg ha™'. Methods adopted for

analysis are indicated in Table 1.
3.4.5 Economics

The input prices and the maize crop market price prevailing at the time of

harvest were taken to calculate the cost of cultivation and economics.
3.4.5.1 Gross return

Gross return was calculated on the basis of grain and straw yield and their

existing market price. The following formula is used for calculation of gross return.

Gross return (% ha') = Grain yield (t ha™') x Market price (Z t1) +
Stover yield (t ha') x Market price (Z t!)

3.4.5.2 Net return

Net return is the income obtained after subtraction of cost of cultivation

(Rs. ha'!) from gross income (% ha™).
Net return (% ha') = Gross return (Z ha™') — Cost of cultivation (% ha™)
3.4.5.3 Benefit: Cost Ratio (BCR)

It is the ratio of gross return (% ha') to the cost of cultivation (Z ha™)

Gross return (2 ha™!)
Cost of cultivation (Z ha™!)

BCR =
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3.4.6 Statistical analysis

The data obtained from the experiment was analysed statistically by using
procedure given by Rangaswamy (1995). The level of significance used in ‘F’ and

‘t’ tests was P=0.05.



RESULTS
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4. RESULTS

The project entitled “Effect of hydrogel and mulching on maize (Zea mays
L.) in sandy soil” was conducted at the college of Agriculture, Padannakkad during
rabi season of 2017-2018. The experiment was aimed to study the effect of
hydrogel and mulching on soil moisture status, growth and yield of maize in sandy
soil so that maize can be proposed as an alternate crop in summer rice follows of
northern parts of Kerala. The data on growth and growth attributes, yield and yield
attributes, plant analysis, soil analysis and economics of cultivation are analysed

statistically and results are presented here under.
4.1 GROWTH AND GROWTH ATTRIBUTES
4.1.1 Plant height

The data pertained in Table 4 showed that height of plant was significantly
influenced by levels of hydrogel and types of mulch. At 30 DAS, the maximum
plant height was recorded in treatments where hydrogel was applied @ 2.5 kg ha™!
(38.49 cm) which was significantly superior to other levels of hydrogel. Effect of
hydrogel on plant height was not significant at 60 DAS. Among the types of mulch,
rice straw mulch @ 5 t ha™! recorded maximum plant height at 30 DAS (39.76 cm)
and 60 DAS (206.90 cm) and was significantly superior to other types of mulch.

Interactions between hydrogel and mulch showed significant results on
plant height at 30 DAS and it was non-significant at 60 DAS. At 30 DAS maximum
plant height was recorded with interaction HoM (41.16 cm) which was on par with

HiM and significantly superior to other combinations.

Comparing the plant height of control with other treatments, at 30 and 60
DAS it was found that plant height was minimum in control plot. Plant height in all
the treatments was significantly superior to control at 30 and 60 DAS. No

significant difference was observed in plant height after 60 DAS.
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4.1.2 Number of leaves

The results pertaining the effect of hydrogel and mulching on number of
leaves plant™ at 30, 60 and 90 DAS were presented in Table 4. The number of leaves
was not affected significantly by levels of hydrogel at 30, 60 and 90 DAS.

Among the types of mulch, the observation on number of leaves was
significant at 60 and 90 DAS only. At 60 and 90 DAS the maximum number of
leaves was noticed in rice straw mulch @ 5 t ha™' (14.31 and 10.71 respectively).
Combined effect of levels of hydrogel and types of mulch was not significant at 30,
60 and 90 DAS.

When treatment effects were compared with control, total number of leaves
was found significant at 30 and 90 DAS. Control had lower number of leaves than

all other treatments and its combinations.

4.1.3 Leaf area

Data on leaf area plant™ at different growth stages of maize is presented in
Table 4. It was observed that leaf area was significantly influenced by different
levels of hydrogel at 30, 60 and 90 DAS. Leaf area was maximum when hydrogel
was applied @ 3.75 kg ha™' at all stages of observations (1196 cm?, 3988 cm? and

3572 ecm? respectively) and was significantl superior to other levels of hydrogel.
p y g y

Leaf area was significantly influenced by types of mulch at 30, 60 and 90
DAS. The maximum leaf area was noticed with rice straw mulch @ 5 t ha™! at all
the stages under observations (1327 cm?, 4097 cm? and 4020 cm? respectively)

which was significantly superior to rice husk and coirpith compost mulch.

With regard to interactions between levels of hydrogel and types of mulch
it showed a significant influence on leaf area at 30, 60 and 90 DAS. At 30, 60 and
90 DAS, maximum leaf area was recorded with interaction H3M; (1454 cm?, 4165
cm?, 4071 cm? respectively) and was on par with HoM; at 60 and 90 DAS and with
HiM, at 90 DAS.
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Table 4. Effect of hydrogel and mulching on plant height, number of leaves and

leaf area
Treatment | Plant height Number of leaves Leaf area plant™ (cm?)
(cm) plant’!
Levelsof | 30 60 30 60 90 30 60 DAS | 90 DAS
hydrogel | DAS | DAS | DAS | DAS | DAS | DAS
Hi 36.61 | 195.89 | 9.04 | 14.02 | 10.27 | 1105 3834 3435
H> 38.49 | 198.79 | 9.00 | 13.84 | 10.13 | 1073 3899 3472
Hs 37.13 | 198.85 | 8.89 | 14.13 | 10.09 | 1196 3988 3572
SEm (£) | 0.451 | 3.575 | 0.249 | 0.184 | 0.292 | 23.82 30.47 43.57
CD (0.05) [ 0.948 | NS NS NS NS 50.05 64.01 91.54
Types of mulch
M 39.76 | 206.90 | 9.18 | 14.31 | 10.71 1327 4098 4020
M: 3544 | 188.54 | 8.73 | 13.84 | 9.80 990 3767 3058
M; 37.03 | 198.09 | 9.02 | 13.84 | 9.98 1058 3856 3401
SEm (£) | 0.451 | 3.575 | 0.249 [ 0.184 | 0.292 | 23.82 30.47 43.57
CD (0.05) | 0948 | 7.511 | NS |0.387 | 0.614 | 50.05 64.01 91.54
Interactions
HiM, 40.27 | 203.04 | 9.27 | 14.07 | 10.33 | 1227 4006 3971
HiM> [ 34.25|186.19 | 8.60 |13.87 | 10.13 | 1039 3614 3059
HiM3 3531 (19845 | 9.27 | 14.13 | 10.33 | 1048 3881 3274
HaoM, 41.16 | 209.19 | 9.40 | 14.33 [ 11.20 | 1300 4122 4019
HoM> | 34.95| 19093 | 8.80 | 13.87 | 9.73 951 3758 3074
HoMs [ 39.35 | 196.25 | 8.80 | 13.33 | 9.47 968 3817 3324
H3M, 37.84 | 208.46 | 8.87 | 14.53 | 10.60 | 1454 4165 4071
HsM> [ 37.11 | 188.51 | 8.80 | 13.80 | 9.53 978 3930 3040
H3M; 36.43 | 199.57 | 9.00 | 14.07 | 10.13 | 1157 3870 3605
SEm (%) [0.782 | 6.192 [ 0.432 [ 0.319 | 0.506 | 41.26 52.77 75.47
CD (0.05) | 1.643 | NS NS NS NS 86.68 | 110.87 | 158.56
Control vs other treatments
Control | 31.93 | 181.98 | 8.20 | 13.60 | 9.07 86 3409 2909
SEm (£) | 0.583 | 4.615 | 0.322 [ 0.238 | 0.377 | 30.75 39.33 56.25
CD (0.05) | 1.224 | 9.697 | 0.676 | NS | 0.792 | 64.61 82.64 | 118.18

Note: H; - hydrogel @ 1.25 kg ha’', H2 - hydrogel @ 2.5 kg ha',

Hs - hydrogel @ 3.75 kg ha!, M, - rice straw mulch @ 5 t ha™,

M - rice husk mulch @ 5 t ha™', M3 - coirpith compost mulch @ 2.5 t ha™.
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When compared with control significant difference was observed between
control and other treatments. Control recorded significantly lower leaf area at 30,
60 and 90 DAS. At harvest stage leaf area was not recorded as the entire plant was

dried.
4.1.4 Leaf Area Index (LAI)

Data on LAI at different growth stages of maize is presented in Table 5. It
was observed that LAI was significantly influenced by different levels of hydrogel
at 30, 60 and 90 DAS. LAI was higher when hydrogel was applied @ 3.75 kg ha™!
at all stages of observations (1.00, 3.32 and 2.98 respectively) and was significantly

superior to other levels of hydrogel.

LAI was significantly influenced by types of mulch at 30, 60 and 90 DAS.
The maximum LAI was noticed with rice straw mulch @ 5 t ha™! at all the stages
under observations (1.11, 3.41 and 3.35 respectively) which was significantly

superior to rice husk and coirpith compost mulch.

With regard to interactions between levels of hydrogel and types of mulch
significant influence on LAI was observed at 30, 60 and 90 DAS. At 30, 60, 90
DAS, maximum LAI was recorded with interaction H3M; (1.21, 3.47 and 3.39
respectively) and was on par with H:M; at 60 and 90 DAS and with HiM; at 90
DAS. Control recorded significantly lower LAI at 30, 60 and 90 DAS.

4.1.5 Dry matter production

The data regarding the effect of hydrogel and mulching on dry matter
production plant at 30, 60, 90 DAS and at harvest stage are presented in Table 5.

The dry matter production revealed significant difference among the levels
of hydrogel at 30, 60 DAS and at harvest stage while it was non-significant at 90
DAS. Maximum dry matter production at 30 and 60 DAS was observed in hydrogel
applied @ 3.75 kg ha™! (7.37 and 78.07 g plant ' respectively).

/9

O e



44

Table 5. Effect of hydrogel and mulching on LAI and DMP

Treatment LAI DMP plant ™' (g plant™)

Levels of 30 60 90 30 60 90 At % increase

hydrogel DAS | DAS | DAS | DAS | DAS | DAS | harvest | over control

at harvest

Hi 0.92 3.19 2.86 6.86 | 67.87 | 205.56 | 267.49 26.31
Ha 0.89 3.25 2.89 6.83 | 72.06 | 207.82 | 297.06 40.27
H3 1.00 3.32 2.98 7.37 | 78.07 |208.01 | 278.13 31.34

SEm () 0.020 | 0.025 | 0.036 | 0.222 | 0.767 | 3.261 | 6.401

CD (0.05) | 0.042 | 0.053 | 0.076 | 0.466 | 1.612 NS 13.449

Types of mulch

M 1.11 341 3.35 8.39 | 86.12 | 239.10 | 303.42 43.28
M; 0.82 3.14 2.55 598 | 65.75 | 185.03 | 271.58 28.24
M3 0.88 3.21 2.83 6.70 | 66.12 | 197.25 | 267.68 26.40

SEm () 0.020 | 0.025 | 0.036 | 0.222 | 0.767 | 3.261 | 6.401

CD (0.05) | 0.042 | 0.053 | 0.076 | 0.466 | 1.612 | 6.851 | 13.449

Interactions

HiM, 1.02 3.34 3.31 8.20 | 81.09 |235.48 | 285.64 34.88

HiM: 0.87 3.01 2.55 6.03 | 61.02 | 188.65 | 245.19 15.78

HiM; 0.87 3.23 2.73 6.36 | 61.51 | 192.54 | 271.65 28.28

HM; 1.08 3.43 3.35 7.01 | 82.14 |243.18 | 320.58 51.38

HaM2 0.79 3.13 2.56 6.88 | 67.97 | 173.87 | 302.45 42.82

HoM3 0.81 3.18 2.77 6.61 | 66.05 |206.39 | 268.16 26.63

H3M; 121 | 347 | 339 | 997 | 95.14 |238.63 | 304.06 | 4358

HsM; 0.82 | 327 | 253 | 5.02 | 6827 |192.57 | 267.11 26.13

H3M; 096 | 322 | 3.00 | 7.12 | 70.79 | 192.82 | 263.23 24.30

SEm (%) 0.034 | 0.044 | 0.063 | 0.384 | 1.329 | 5.648 | 11.087

CD (0.05) | 0.072 | 0.092 | 0.132 | 0.807 | 2.792 | 11.866 | 23.294

Control vs other treatments

Control 0.72 2.84 242 446 | 57.50 | 142.15 | 211.77

SEm (%) 0.026 | 0.033 | 0.047 | 0.286 | 0.990 | 4.210 | 8.264

CD (0.05) | 0.054 | 0.069 | 0.098 | 0.601 | 2.081 | 8.844 | 17.362

Note: H; - hydrogel @ 1.25 kg ha™, H2 - hydrogel @ 2.5 kg ha™',
H; - hydrogel @ 3.75 kg ha!, M - rice straw mulch @ 5 t ha™,
M - rice husk mulch @ 5 t ha', M3 - coirpith compost mulch @ 2.5 t ha™’.

O
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But at harvest stage maximum dry matter production was recorded by the treatment
where hydrogel was applied @ 2.5 kg ha™' (297.06 g plant') which was on par with
hydrogel level @ 3.75 kg ha'. All the treatments and their interactions were

significantly superior over control.

Among the different types of mulch, maximum dry matter production was
observed at all stages in the treatment where rice straw was applied @ 5 t ha™' (8.39,
86.12, 239.10 and 303.42 g plant™ respectively), which was significantly superior

to rice husk and coirpith compost mulch.

With regard to interactions between levels of hydrogel and types of mulch
significant results were observed on dry matter production at 30, 60, 90 DAS and
at harvest stage. At 30 and 60 DAS maximum dry matter production was recorded
where hydrogel @ 3.75 kg ha™' and rice straw @ 5 t ha' was applied (9.97 and 95.14
g plant™ respectively) and was significantly superior to all other combinations. At
90 DAS, H2M; (243.18 g plant™') recorded maximum dry matter production which
was on par with the combinations of rice straw mulch with other levels of hydrogel
and significantly superior to other combinations. At harvest HoM; (320.58
g plant™) recorded maximum dry matter production which was on par with H3M;
and HoM> and was significantly superior to all other combinations. When
comparing the dry matter production in control with other treatments, it was found
that the dry matter production in treatments varies from 15.78 % to 51.38 % over
control. When comparing the percentage increase in dry matter production over
control with the main effects of treatments Hydrogel @ 2.5 kg ha™' (40.27 %) and
rice straw mulch @ 5t ha™! (43.28 %) recorded higher values. With regard to
interactions, maximum percentage of dry matter production over control was
recorded in HoM; (51.28 %) followed by H3M; (43.58 %). Dry matter production
in control was significantly lower than all the treatments and their interactions at all

stages of growth.

-
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4.1.6 Root volume at harvest

The data on the effect of hydrogel and mulching on root volume of maize at
harvest (Table 6) showed that there was significant difference among the levels of

hydrogel, types of mulch and their interactions and control versus other treatments.

Among the levels of hydrogel, maximum root volume was recorded by
hydrogel @2.5 kg ha' (25.50 cm®) which was significantly superior to other levels
of hydrogel. Among the types of mulch, maximum root volume was recorded by
rice straw mulch@ 5 t ha'' (24.17 cm®) which was significantly superior to other
types of mulch. With respect to interactions, H;M; (27.50 cm?) recorded maximum
root volume and was on par with interaction H3M; and was significantly superior
to all other combinations. When compared the control with other treatments, control
recorded lower root volume than the other treatments. The percentage increase in
root volume over control was 47.14 % in treatment with hydrogel @ 2.5 kg ha™! and
39.47 % in rice straw mulch applied plots. The treatment combination HaM; (58.68
%) showed significantly higher percentage increase in root volume over control

followed by H3M; (46.16 %).
4.1.7 Relative Leaf Water Content (RLWC)

The data on the effect of hydrogel and mulching on RLWC at 30, 60 and 90
DAS are presented in Table 6. The RLWC showed significant difference among the
levels of hydrogel at 30, 60 and 90 DAS. At 30 DAS maximum RLWC was
observed where hydrogel was applied @ 1.25 kg ha™' (89.75 %) which was on par
with hydrogel level @ 3.75 kg ha'. At 60 and 90 DAS maximum RLWC was
observed where hydrogel was applied @ 2.5 kg ha' (90.81 % and 88.97 %
respectively) which was on par with hydrogel level @ 3.75 kg ha! at 60 DAS and
was significantly superior to other levels of hydrogel at 90 DAS.
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Table 6. Effect of hydrogel and mulching on root volume at harvest and RLWC

Treatment | Root volume | % increase RLWC (%)
Levels of at harvest over control | 30 DAS | 60 DAS | 90 DAS
hydrogel (cm?) (Root volume
at harvest )
Hi 20.44 17.95 89.75 | 89.12 | 84.70
Hy 25.50 47.14 8847 | 90.81 | 8897
Hs 21.33 23.08 89.32 | 9040 | 8585
SEm (%) 0.595 0.357 0.376 0.745
CD (0.05) 1.251 0.750 0.790 1.566
Types of mulch
M, 24.17 39.47 90.82 91.45 86.44
M> 21.89 26.31 87.07 88.91 85.04
M3 21.22 22.45 89.66 89.96 88.04
SEm (%) 0.595 0.357 0.376 0.745
CD (0.05) 1.251 0.750 0.790 1.566
Interactions
HiM; 19.67 13.50 92.55 90.23 86.16
HiM; 20.67 19.27 86.14 86.42 81.12
HiM3 21.00 21.18 90.57 90.71 86.80
HaoM, 27.50 58.68 89.30 91.44 86.55
HaM; 25.00 44.26 86.29 91.26 91.70
HoM3 24.00 38.49 89.82 89.74 88.65
H3M; 25.33 46.16 90.60 92.68 86.59
HiM> 20.00 15.41 88.77 89.07 82.30
H3M3 18.67 7.73 88.60 89.44 88.66
SEm (%) 1.031 0.618 0.651 1.291
CD (0.05) 2.167 1.299 1.368 2.712
Control vs other treatments
Control 17.33 86.04 85.80 78.79
SEm (%) 0.769 0.461 0.485 0.962
CD (0.05) 1.615 0.968 1.019 2.022

Note: H; - hydrogel @ 1.25 kg ha™!, H2 - hydrogel @ 2.5 kg ha™!,
Hs- hydrogel @ 3.75 kg ha', M - rice straw mulch @ 5 t ha™,

M; - rice husk mulch @ 5 t ha!, M3 - coirpith compost mulch @ 2.5 t ha™’.
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Among the types of mulch, the observation on RLWC was found significant
at 30, 60 and 90 DAS. At 30 and 60 DAS the maximum RLWC was noticed with
rice straw mulch @ 5 t ha' (90.82 % and 91.45 % respectively) which was
significantly superior to other types of mulch. At 90 DAS the maximum RLWC
was noticed in coirpith mulch @ 2.5 t ha™' (88.04 %) which was significantly

superior to other types of mulch.

With regard to interactions between levels of hydrogel and types of mulch
showed significant effect on RLWC at 30, 60 and 90 DAS. At 30 DAS maximum
RLWC was recorded by HiM; (92.55 %) and at 60 DAS maximum RLWC was
recorded by H3M; (92.68 %) and it was on par with HoM;. At 90 DAS maximum
RLWC was recorded by HoM2 (91.70 %) and was significantly superior to all other
combinations. When compared with RLWC of control with other treatments, at all
stages (30, 60 and 90 DAS) RLWC showed significant difference between control

and other treatments. Control recorded a lower RLWC than the other treatments.
4.2 YIELD AND YIELD ATTRIBUTES

4.2.1 Number of cobs per plant

In each plant only one cob was observed in all the treatments.

4.2.2 Number of rows cob!

The results indicated that (Table 7) number of rows cob™! was not affected
by the levels of hydrogel, types of mulch and their interactions. It was observed that
number of rows cob™ was more or less same in control plot when compared with

other treatments.
4.2.3 Length of cob

Length of cob (Table 7) was not significantly influenced by levels of
hydrogel, types of mulch and their interactions. When compared with control, cob

length showed significant difference and control recorded the lowest cob length.
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Table 7. Effect of hydrogel and mulching on number of rows cob™!, length of cob,
girth of cob and number of grains cob™

Treatment | Number of | Length of Girth of | Number of | % increase
Levels of | rowscob! | cob(cm) | cob(cm) | grainscob” | over control
hydrogel (Number of

grains cob™!)
Hi 13.96 15.09 14.18 323.51 11.57
H> 13.96 15.33 14.83 353.78 22.01
Hs 14.07 15.76 14.63 353.42 21.89
SEm (%) 0.290 0.320 0.353 5.367
CD (0.05) NS NS NS 11.276
Types of mulch
M, 14.22 15.60 14.93 366.47 26.39
M3 13.78 15.12 14.31 332.24 14.59
M3 13.98 15.45 14.40 332.00 14.50
SEm (£) 0.290 0.320 0.353 5.367
CD (0.05) NS NS NS 11.276
Interactions
HiM; 14.13 15.25 14.18 337.53 16.41
HiM: 13.60 14.57 13.71 301.80 4.09
HiM; 14.13 15.44 14.66 331.20 14.23
HoM; 14.00 15.59 15.35 377.60 30.23
HoM» 13.60 15.01 14.69 346.00 19.33
HoM; 14.27 15.38 14.46 337.73 16.48
H3M; 14.53 15.95 15.26 384.27 32.53
H3;M; 14.13 15.79 14.53 348.93 20.34
H3M; 13.53 15.53 14.09 327.07 12.80
SEm (%) 0.503 0.554 0.612 9.296
CD (0.05) NS NS NS 19.530
Control vs other treatments
Control 13.67 14.40 12.84 289.95
SEm (%) 0.375 0.413 0.456 6.929
CD (0.05) NS 0.868 0.958 14.557

Note: H; - hydrogel @ 1.25 kg ha!, H2 - hydrogel @ 2.5 kg ha™,

Hs- hydrogel @ 3.75 kg ha™!, M - rice straw mulch @ 5 t ha™!,

M - rice husk mulch @ 5 t ha™!, M3 - coirpith compost mulch @ 2.5 t ha™'.

NS
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4.2.4 Girth of cob

Data on girth of cob (Table 7) showed that different treatments and their
combinations did not have any significant influence on cob girth. The control

recorded a significantly lower value when compared to other treatments.
4.2.5 Number of grains cob"!

The data on number of grains cob™! is presented in Table 7 indicated that
number of grains cob™! was significantly affected by the levels of hydrogel, types

of mulch, their interactions and control versus other of treatments.

Among the levels of hydrogel, maximum number of grains cob™' was
recorded in treatment where hydrogel was applied @ 2.5 kg ha™! (353.78) which
was on par with hydrogel level @ 3.75 kg ha! (353.42) and both were significantly
superior to hydrogel level @ 1.25 kg ha'. Among the types of mulch, maximum
number of grains cob”! was obtained in rice straw mulch @ 5 t ha! (366.47) and
was significantly superior to rice husk and coirpith compost mulch. With respect to
interactions, H3M (384.27) recorded maximum number of grains cob™! which was
on par with HM; (377.60) and significantly superior to other interactions. Control
recorded significantly lower grains cob™! compared to other treatments. The
percentage increase in number of grains cob™! over control was 22.01 % in treatment
with hydrogel @ 2.5 kg ha! followed by hydrogel @ 3.75 kg ha (21.89 %) and
26.39 % in rice straw mulch applied treatments. The treatment combination H3M;
(32.53 %) showed higher percentage increase in number of grains cob™' over control

followed by HaM; (30.23 %).

4.2.6 Cob yield

The results on effect of hydrogel and mulching on cob yield of maize (Table
8) showed that cob yield was significantly influenced by levels of hydrogel, types

of mulch, their interactions and control versus other treatments.
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Among the different levels of hydrogel, maximum cob yield was observed
with hydrogel @ 2.5 kg ha™' (9.83 t ha™') which was significantly superior to other
levels of hydrogel. Among the types of mulch, maximum cob yield was obtained
with rice straw mulch @ 5 t ha™' (10.50 t ha™") and was significantly superior to rice
husk and coirpith compost mulch. Interactions between levels of hydrogel and types
of mulch also significantly differed with regard to cob yield. The treatment
combination HaM; (11.13 t ha') recorded maximum cob yield which was
significantly superior to other treatment combinations. When the cob yield of
control was compared with other treatments, it was observed that the cob yield was

significantly lower in control.
4.2.7 Grain yield

The effect of hydrogel and mulching on grain yield of maize (Table 8)
indicated that grain yield was significantly influenced by levels of hydrogel, types

of mulch, their interactions and control versus other treatments.

Maximum grain yield was observed with hydrogel @ 2.5 kg ha™' (8.03
t ha™') which was significantly superior to other levels of hydrogel. Among the types
of mulch, maximum grain yield was obtained with rice straw mulch @5t ha'! (8.51

t ha') and was significantly superior to rice husk and coirpith compost mulch.

Interactions between levels of hydrogel and types of mulch were significant
with regard to grain yield. The treatment combination H2M; (9.19 t ha™') recorded
maximum grain yield which was significantly superior to other treatment
combinations. When the grain yield of control was compared with other treatments,

it was observed that the grain yield was significantly lower in control.

The percentage increase in grain yield over control was worked out and
found that hydrogel @ 2.5 kg ha™' and rice straw mulch @ 5 t ha™' produced 44.42
% and 53.06 % more yield respectively than control. All the interactions were

superior to control and recorded a yield increase ranging from 16.37 % to 65.29 %.
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Maximum increase in grain yield was observed in the treatment combination HoM,

(65.29%) followed by H3M (50.54 %).
4.2.8 Stover yield

The effect of hydrogel and mulching on stover yield of maize (Table 8)
indicated that stover yield was significantly influenced by levels of hydrogel, types

of mulch, their interactions and control versus other treatments.

Among the different levels of hydrogel, maximum stover yield was
observed with hydrogel @ 2.5 kg ha' (10.65 t ha'') which was on par with hydrogel
@ 1.25 kg ha™! and significantly superior to other levels of hydrogel.

Among the types of mulch, maximum stover yield was obtained with rice
straw mulch @ 5 tha' (11.52 t ha'!) and was significantly superior to rice husk and
coirpith compost mulch. Interactions between levels of hydrogel and types of mulch
were significant with regard to stover yield. The treatment combination HaM;
(12.02 t ha!) recorded maximum stover yield which was on par with HsM, (11.46
t ha) and significantly superior to other treatment combinations. When the stover
yield of control was compared with other treatments, it was observed that the stover

yield was significantly lower in control.
4.2.9 Test weight (100 grain weight)

Data pertained in Table 8 revealed that test weight was significantly
influenced by types of mulch. Effect of hydrogel was not significant. Rice straw
mulch @ 5 t ha' (32.05 grams) recorded maximum test weight and was
significantly superior to rice husk and coirpith compost mulch. Among the
interactions, combined effect of rice straw mulch with all the levels of hydrogel
showed a higher test weight compared to other combinations. Control recorded

significantly lower test weight than the other treatments.

V)
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test weight and- harvest index
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Treatment % increase Test
Levels of | Cobyield | Grain yield | over control | Stover weight Harvest
hydrogel (tha) (tha) (Grain yield (grams) index
yield) (tha™)
Hi 8.71 6.98 25.54 10.50 30.79 0.36
H» 9.83 8.03 44.42 10.65 30.61 0.39
H; 9.24 7.48 34.53 9.54 30.73 0.40
SEm (%) 0.186 0.125 0.217 0.659 0.009
CD (0.05) 0.392 0.263 0.456 NS 0.018
Types of mulch
M, 10.50 8.51 53.06 11.52 32.05 0.39
M; 9.12 7.40 33.09 9.94 30.39 0.39
M; 8.17 6.59 18.53 9.24 29.69 0.38
SEm (%) 0.186 0.125 0.217 0.659 0.009
CD (0.05) 0.392 0.263 0.456 1.385 NS
Interactions
HiM; 10.01 7.97 43.35 11.07 31.59 0.38
HiM» 7.99 6.52 17.27 9.89 30.50 0.36
HiM3 8.14 6.47 16.37 10.54 30.28 0.35
HaM, 11.13 9.19 65.29 12.02 32.41 0.40
HM> 9.91 8.10 45.68 10.87 30.37 0.39
HaoM; 8.46 6.81 22.48 9.07 29.04 0.39
HsM, 10.36 8.37 50.54 11.46 32.17 0.38
H3;M; 945 7.57 36.15 9.06 30.29 041
H3M3 7.91 6.48 16.55 8.11 29.74 0.40
SEm (%) 0.323 0.217 0.376 1.142 0.015
CD (0.05) 0.679 0.455 0.789 NS NS
Control vs other treatments
Control 7.62 5.56 7.96 28.81 0.36
SEm (%) 0.241 0.162 0.280 0.851 0.011
CD (0.05) 0.506 0.339 0.588 1.789 0.023

Note: Hi - hydrogel @ 1.25 kg ha!, H2 - hydrogel @ 2.5 kg ha™',
Hs - hydrogel @ 3.75 kg ha™', M, - rice straw mulch @ 5 t ha',
M3 - rice husk mulch @ 5 t ha™', M3 - coirpith compost mulch @ 2.5 t ha™'.
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4.2.10 Harvest index

The effect of hydrogel and mulching on harvest index of maize (Table 8)
showed a significant difference among the levels of hydrogel and control versus
other treatments while there was no significant difference among types of mulch

and interactions between levels of hydrogel and types of mulch.

Among the levels of hydrogel, maximum harvest index was observed in
hydrogel level @ 3.75 kg ha™' (0.40) which was on par with hydrogel level @ 2.5
kg ha™' and significantly superior to hydrogel level @ 1.25 kg ha™'. When compared
the control with other treatments, control recorded lower harvest index value than
the other treatments. Effect of mulching and their interactions did not have any

significant influence on harvest index.

4.3 PLANT ANALYSIS

4.3.1 Nutrient content of plant (N, P, K)
4.3.1.1 Nitrogen content of stover

Nitrogen content of stover was significantly influenced by the levels of
hydrogel, types of mulch, their interactions and control versus other treatments
(Table 9). Among the levels of hydrogel, maximum nitrogen content of stover was
observed with hydrogel level @ 3.75 kg ha! (1.29 %) and was significantly superior
to other two levels of hydrogel. Among the types of mulch, maximum nitrogen
content was observed in rice straw mulch @ 5 t ha! (1.25 %) which was on par with
rice husk mulch @ 5 t ha' and were significantly superior to coirpith compost

mulch.

With respect to interactions, H:M (1.36 %) recorded maximum nitrogen
content which was on par with H3M> and H3M3 and significantly superior to other
treatment combinations. Nitrogen content of stover in control plot was significantly

lower than the other treatments.



Table 9. Effect of hydrogel and mulching on nutrient content of stover and grain
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Treatment Nutrient content of stover (%) Nutrient content of grain (%)
Levels of N K N P K
hydrogel
Hi 1.14 0.42 1.76 0.91 0.44 0.18
Ha 1.22 0.44 1.69 0.80 0.44 0.20
H3 1.29 0.38 1.94 0.85 0.47 0.18
SEm (%) 0.026 0.014 0.031 0.023 0.016 0.005
CD (0.05) 0.054 0.029 0.065 0.048 NS 0.010
Types of mulch
M 1.25 0.38 1.80 0.80 0.46 0.21
M 1.22 0.41 1.77 0.83 0.45 0.19
M3 1.18 0.45 1.82 0.91 0.44 0.16
SEm (%) 0.026 0.014 0.031 0.023 0.016 0.005
CD (0.05) 0.054 0.029 NS 0.048 NS 0.010
Interactions
HiM; 1.14 0.38 1.73 0.86 0.48 0.20
HiM; 1.21 0.43 1.87 0.73 0.46 0.21
HiM3 1.08 0.46 1.67 1.14 0.37 0.13
HoM, 1.36 0.41 1.65 0.82 0.44 0.20
HoM> 1.14 0.45 1.58 0.80 0.42 0.17
HaM; 1.16 0.46 1.83 0.77 0.47 0.24
HsM, 1.25 0.36 2.02 0.73 0.46 0.22
H3;M> 1.31 0.35 1.87 0.97 0.47 0.20
H3M; 1.31 0.42 1.95 0.84 0.47 0.13
SEm () 0.044 0.024 0.054 0.039 0.028 0.008
CD (0.05) 0.093 NS 0.113 0.083 0.058 0.017
Control vs other treatments
Control 1.01 0.38 1.60 0.65 0.42 0.20
SEm (%) 0.033 0.018 0.040 0.029 0.021 0.006
CD (0.05) 0.070 NS 0.084 0.062 NS NS

Note: H; - hydrogel @ 1.25 kg ha!, H> - hydrogel @ 2.5 kg ha’',

Hs - hydrogel @ 3.75 kg ha™!, M| - rice straw mulch @ 5 t ha™,

M; - rice husk mulch @ 5 t ha™!, M3 - coirpith compost mulch @ 2.5 t ha™'.

“J
-



56

4.3.1.2 Nitrogen content of grain

Nitrogen content of grain was significantly influenced by the levels of
hydrogel, types of mulch, their interactions and control versus other treatments

(Table 9).

Among the levels of hydrogel, maximum nitrogen content of grain was
recorded when hydrogel was applied @ 1.25 kg ha' (0.91 %) which was
significantly superior to other levels of hydrogel. Among the types of mulch,
maximum nitrogen content of grain was recorded in coirpith mulch @ 2.5 t ha™!
(0.91 %) and was significantly superior to other two types of mulch. With respect
to interactions, HiM3 (1.14 %) recorded maximum nitrogen content of grain and
was significantly superior to other treatment combinations. Nitrogen content of

grain in control plot was significantly lower compared to the other treatments.
4.3.1.3 Phosphorus content of stover

Phosphorus content of stover was significantly influenced by levels of
hydrogel and types of mulch (Table 9). Hydrogel @ 2.5 kg ha™' (0.44 %) recorded
maximum P content in stover which was on par with hydrogel @ 1.25 kg ha™' and
significantly superior to hydrogel @ 3.75 kg ha'. Among the types of mulch,
maximum phosphorous content of stover was detected with coirpith compost mulch

@ 2.5 tha' (0.45 %) which was significantly superior to other two mulch types.

The interactions namely HiMz, HiM3, HoM> and HaM3 recorded maximum
P content in stover which were on par and significantly superior to all other

combinations.
4.3.1.4 Phosphorus content of grain

The effect of hydrogel and mulch on phosphorous content of grain of maize
(Table 9) indicated that phosphorous content was not significantly influenced by
any one of the treatment. However, the interaction between the treatment

combinations were significant. Among the interactions, HiM; (0.477 %) recorded
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maximum phosphorous content of grain and was on par with HsM3, HaM3, H3M,

HsMi, HiM2, HoM | and HaM».
4.3.1.5 Potassium content of stover

A significant influence on K content of stover was observed by the
application of hydrogel (Table 9) and the K content was maximum when hydrogel
was applied @ 3.75 kg ha' (1.94 %) and was significantly superior to other two
levels. Different types of mulches did not have any significant influence on K
content of stover. However, their combinations showed significant difference and
application of hydrogel @ 3.75 kg ha' along with rice straw mulch @ 5 t ha™' (2.02
%) and coirpith compost mulch @ 2.5 t ha' (1.95 %) recorded maximum K content
in stover which were on par and significantly superior to other combinations and

control.
4.3.1.6 Potassium content of grain

Potassium content of grain was significantly influenced by levels of
hydrogel, types of mulch and their interactions (Table 9). Hydrogel @ 2.5 kg ha™'
(0.20 %) gave maximum K content which was significantly superior to other two
levels. Mulching with rice straw @ 5 t ha™' (0.21 %) revealed maximum K content
in the grain which was significantly superior to other types of mulches. With
regards to interactions, HoM3 (0.24 %) recorded maximum potassium content of

grain and was significantly superior to all other combinations.
4.3.2 Nutrient uptake (N, P, K)
4.3.2.1 Uptake of nitrogen by stover

The effect of hydrogel and mulching on nitrogen uptake by stover (Table
10) indicated that nitrogen uptake was significantly increased by the levels of

hydrogel, types of mulch, their interactions and control versus other treatments.
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Among the levels of hydrogel, maximum nitrogen uptake by stover was
observed in hydrogel level @ 2.5 kg ha™' (156.64 kg ha') and was significantly
superior to other two levels. Rice straw mulch @ 5 t ha' (170.21 kg ha™") recorded
maximum nitrogen uptake by stover and was significantly superior to other two

types of mulches.

With regard to the interaction of treatments, rice straw mulch @ 5 t ha!
along with hydrogel level @ 2.5 kg ha™' (190.13 kg ha') recorded the maximum
value and was significantly superior to all other combinations. When compared
with control, control recorded lower nitrogen uptake by stover than the other

treatments.
4.3.2.2 Uptake of nitrogen by grain

Nitrogen uptake by grain was significantly influenced by levels of hydrogel,

types of mulch, their interactions and control versus other treatments (Table 10).

Among the levels of hydrogel, maximum nitrogen uptake by grain was
observed with hydrogel level @ 2.5 kg ha™' (64.08 kg ha') which was on par with
hydrogel level @ 1.25 kg ha™' and significantly superior to hydrogel level @ 3.75
kg ha'.

Among the types of mulch, maximum nitrogen uptake by grain was
obtained by rice straw mulch @ 5 t ha' (68.26 kg ha™') and was superior to all other
types of mulch.

With respect to interactions, H2M; (75.51 kg ha™') recorded maximum
nitrogen uptake by grain and was superior to all other combinations. When control
was compared with other treatments, it was found that control recorded a lower

uptake by grain than the other treatments.
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4.3.2.3 Total nitrogen uptake

Total nitrogen uptake (Table 10) was significantly influenced by levels of

hydrogel, types of mulch, their interactions and control versus other treatments.

Hydrogel @ 2.5 kg ha' (220.83 kg ha™") recorded maximum nitrogen uptake
which was significantly superior to other two levels. Among the types of mulch,
total nitrogen uptake was maximum in rice straw mulch applied @ 5 t ha™' (238.47
kg ha'') and was significantly superior to other two types of mulch. With respect to
interactions, H2M (265.64 kg ha™') recorded maximum total nitrogen uptake and
was significantly superior to all other combinations. Control recorded lower

nitrogen uptake and was significantly lower than the other treatments.
4.3.2.4 Uptake of phosphorus by stover

The effect of hydrogel and mulching on phosphorus uptake by stover was
given in Table 10. The results indicated that phosphorus uptake of stover was
significantly influenced by the levels of hydrogel, types of mulch, their interactions

and control versus other treatments.

Among the levels of hydrogel, maximum phosphorus uptake was recorded
by hydrogel @ 2.5 kg ha'(53.70 kg ha') which was on par with hydrogel level @
1.25 kg ha! and was significantly superior to hydrogel @ 3.75 kg ha™'. Maximum
phosphorus uptake by stover was obtained in rice straw mulch @ 5 t ha™! (51.51
kg ha') which was on par with coirpith mulch @ 2.5 t ha'! and was significantly

superior to rice husk mulch.

With respect to interactions, HiM3 (58.36 kg ha™') recorded maximum
phosphorus uptake by stover and was on par with H;M; and HoM>. When control
was compared with other treatments, control was found to have lower phosphorus

uptake by stover than the other treatments.
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4.3.2.5 Uptake of phosphorus by grain

The effect of hydrogel and mulching on phosphorus uptake of grain (Table
10) indicated that phosphorus uptake of grain was significantly influenced by the
levels of hydrogel, types of mulch, their interactions and control versus other

treatments.

Maximum phosphorus uptake by grain was recorded by hydrogel @ 2.5
kg ha™' (35.45 kg ha™') which was on par with hydrogel @ 3.75 kg ha' and was
significantly superior to hydrogel @ 1.25 kg ha'. Among the types of mulch,
maximum phosphorus uptake by grain was obtained in rice straw mulch @ 5 t ha™'

(39.15 kg ha™') and was significantly superior to other types of mulches.

With respect to interactions, HoM; (40.68 kg ha™') recorded maximum
phosphorus uptake by grain which was on par with HsM; and superior to other
combinations. When compared with control, it was found that control was

significantly inferior to all the treatments and its combinations.
4.3.2.6 Total phosphorus uptake

As observed in the phosphorus uptake of stover and grain, total phosphorus
uptake was also significantly influenced by different treatments and their
combinations (Table 10). Hydrogel @ 2.5 kg ha™' (89.15 kg ha™') and rice straw
mulch @ 5 t ha”' (90.66 kg ha™) and its combination (97.84 kg ha'!) recorded

maximum P uptake and were significantly superior to other treatments.
4.3.2.7 Uptake of potassium by stover

The data given in table 10 showed that potassium uptake was significantly
influenced by the levels of hydrogel, types of mulch, their interactions and control

versus other treatments.

Hydrogel @ 3.75 kg ha' (220.35 kg ha™') recorded maximum potassium

uptake by stover and was significantly superior to other two levels of hydrogel.
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Maximum potassium uptake by stover was obtained in rice straw mulch @ 5 t ha™!
(241.76 kg ha'') and was significantly superior to other types of mulch. Among the
interactions, H3M (269.33 kg ha™') recorded maximum potassium uptake by stover.
When control was compared with other treatments, it was observed that potassium

uptake by stover was significantly lower than the other treatments.
4.3.2.8 Uptake of potassium by grain

Significant effect on potassium uptake of grain (Table 10) was observed by
the application of the levels of hydrogel, types of mulch, their interactions and

control versus other treatments.

Hydrogel @ 2.5 kg ha'' (16.27 kg ha™') recorded maximum potassium
uptake by grain and was significantly superior to other levels of hydrogel.
Maximum potassium uptake by grain was obtained in rice straw mulch @ 5 t ha™!
(17.59 kg ha') and was significantly superior to other types of mulch. Among
interactions, HoM; (18.76 kg ha™') recorded maximum potassium uptake by grain
which was on par with interaction H3M; and significantly superior to other
combinations. Control recorded a lower K uptake by grain and was significantly

lower than other treatments.
4.3.2.9 Total potassium uptake

Total potassium uptake (Table 10) was significantly influenced by the levels
of hydrogel, types of mulch, their interactions and control versus other treatments.
Hydrogel @ 3.75 kg ha™' (234.29 kg ha') recorded maximum potassium uptake
which was significantly superior to other two levels. Among the types of mulch,
maximum total potassium uptake was obtained in rice straw mulch @ 5 t ha’!
(259.35 kg ha'') and was significantly superior to other two types of mulch. With
respect to interactions, H3M (287.37 kg ha™') recorded maximum total potassium
uptake and was significantly superior to all other combinations. Control recorded

lower potassium uptake and was significantly lower than the other treatments.

Oq
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Table 10. Effect of hydrogel and mulching on stover, grain and total nutrient uptake

Treatment | Stover uptake (Kg ha') | Grain uptake (Kg ha’) | Total uptake (Kg ha™)
Levels of N P K N P K N P K
hydrogel
Hi 140.39 | 53.04 | 210.33 | 63.18 | 30.66 | 12.52 | 203.57 | 83.70 | 222.84
H> 156.64 | 53.70 | 212.12 | 64.08 | 35.45 | 16.27 | 220.83 | 89.15 | 228.37
H; 145.38 | 42.32 | 220.35 | 62.95 | 34.99 | 13.95 | 208.33 | 77.32 | 234.29
SEm () | 2260 | 1.124 | 1.952 | 0.434 | 0.539 | 0.414 | 2.944 | 1.363 | 2.605
CD (0.05) | 4.749 | 2.361 | 4.100 | 0.912 | 1.132 | 0.870 | 6.185 | 2.865 | 5.473
Types of mulch
M 170.21 | 51.51 | 241.76 | 68.26 | 39.15 | 17.59 | 238.47 | 90.66 | 259.35
M; 143.90 | 48.25 | 205.65 | 61.87 | 33.21 | 14.27 | 205.88 | 81.46 | 219.87
M; 128.31 | 49.30 | 195.39 | 60.07 | 28.75 | 10.87 | 188.37 | 78.04 | 206.28
SEm (+) | 2.260 | 1.124 | 1.952 | 0.434 | 0.539 | 0.414 | 2.944 | 1.363 | 2.605
CD (0.05) | 4.749 | 2.361 | 4.100 | 0.912 | 1.132 | 0.870 | 6.185 | 2.865 | 5.473
Interactions
HiM, 149.85 | 49.09 | 223.64 | 68.35 | 37.72 | 15.93 | 218.20 | 86.81 | 239.60
HiM2 135.61 | 51.66 | 204.25 | 47.53 | 30.31 | 13.48 | 183.15 | 81.97 | 217.67
HiM; 135.70 | 58.36 | 203.08 | 73.66 | 23.96 | 8.16 |209.36 | 82.32 |211.24
HoM, 190.13 | 57.16 | 232.32 | 75.51 | 40.68 | 18.76 | 265.64 | 97.84 | 251.09
HoM» 155.79 | 54.29 | 207.83 | 64.63 | 33.88 | 13.87 | 220.75 | 88.18 | 221.60
H:M; 124.01 | 49.65 | 196.22 | 52.09 | 31.79 | 16.17 | 176.09 | 81.44 | 212.41
H3M; 170.63 | 48.28 | 269.33 | 60.94 | 39.06 | 18.08 |231.57 | 87.34 | 287.37
HsM; 140.30 | 38.81 | 204.86 | 73.45 | 35.43 | 15.46 | 213.74 | 74.24 | 220.32
H3M;3 125.21 | 39.88 | 186.87 | 54.45 | 30.50 | 8.29 | 179.66 | 70.37 | 195.18
SEm () | 3.915 | 1.946 | 3.380 | 0.752 | 0.933 | 0.717 | 5.098 | 2.362 | 4.512
CD (0.05) | 8.226 | 4.089 | 7.102 | 1.580 | 1.960 | 1.506 | 10.712 | 4.962 | 9.480
Control vs other treatments
Control | 90.81 | 34.39 | 148.71 | 36.29 | 23.24 | 11.01 | 127.10 | 57.63 | 159.73
SEm () | 2.918 | 1.451 | 2.520 | 0.560 | 0.695 | 0.534 | 3.800 | 1.760 | 3.363
CD (0.05) | 6.131 | 3.048 | 5294 | 1.177 | 1.461 | 1.123 | 7.984 | 3.698 | 7.066

Note: H; - hydrogel @ 1.25 kg ha™', H2- hydrogel @ 2.5 kg ha™,

Hs - hydrogel @ 3.75 kg ha', M; - rice straw mulch @ 5 t ha™,

M - rice husk mulch @ 5 t ha™', M3 - coirpith compost mulch @ 2.5 t ha™'.

O
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4.4 SOIL ANALYSIS
4.4.1 Soil moisture
4.4.1.1 Soil moisture at 15 cm depth

The data on the effect of hydrogel and mulching on soil moisture status (15
cm depth) at 30, 60, 90 DAS and at harvest stage are presented in Table 11. Soil
moisture content at 15 cm depth showed a significant difference among the levels
of hydrogel at 30, 60 and 90 DAS and was non-significant at harvest stage.
Maximum soil moisture content was observed (15 cm depth) at 30, 60 and 90 DAS,
when hydrogel was applied @ 3.75 kg ha' (4.01 %, 3.45 % and 4.20 %

respectively) and was significantly superior to other two levels of hydrogel.

Among the types of mulch, the observation on soil moisture content at 15
cm depth showed significant difference at 30, 90 DAS and at harvest stage and was
non-significant at 60 DAS. At 30 and 90 DAS and at harvest stage the maximum
soil moisture content at 15 cm depth was noticed with rice straw mulch @ 5 t ha™!
(4.14 %, 4.19 % and 2.24 % respectively) which was significantly superior to other
types of mulch and at harvest stage it was on par with the rice husk mulch @ 5

thal.

Combinations of levels of hydrogel and types of mulches showed significant
results on soil moisture content at 15 cm depth. At30 DAS, H3M; (4.78 %) recorded
maximum soil moisture which was significantly superior to all other combinations.
At 60 DAS, H2M3 (3.75 %) recorded maximum soil moisture content at 15 cm depth
which was on par with H;M;, HsMz and H:M,. At 90 DAS H3M; (4.60 %) recorded
the maximum moisture content. At harvest stage HoM; (2.71 %) recorded the
maximum moisture content at 15 cm depth which was on par with H3M; and
significantly superior to all other combinations. Comparison of soil moisture
content of control with other treatment revealed that soil moisture at 15 cm depth
in control was significantly lower than other treatments at 30, 60, 90 DAS and at

harvest stage.
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Table 11. Effect of hydrogel and mulching on soil moisture content at 15 cm and

30 cm depth
Treatment | Soil moisture at 15 cm depth Soil moisture at 30 cm depth (%)
(%)
Levelsof | 30 60 90 At 30 60 90 At % increase
hydrogel | DAS | DAS | DAS |harvest | DAS | DAS | DAS | harvest | over control
at harvest
Hi 332 | 242 | 332 | 194 | 357 | 2.86 | 3.46 | 240 29.73
Ha 3.75 | 3.18 | 390 | 2.07 | 392 | 3.50 | 4.11 | 2.98 61.08
Hs 4.01 | 345 | 420 | 2.04 | 4.14 | 3.53 | 455 | 3.42 84.86
SEm (£) | 0.090 | 0.225 | 0.061 | 0.156 | 0.061 | 0.198 | 0.076 | 0.103
CD (0.05) | 0.190 | 0.472 | 0.127 | NS | 0.128 | 0.415 | 0.159 | 0.217
Types of mulch
M 4.14 | 321 | 4.19 | 224 | 435 | 3.58 | 435 | 3.37 82.16
M2 336 | 2.88 | 3.59 | 2.01 | 3.57 | 292 | 3.80 | 2.53 36.76
M3 357 | 296 | 3.64 | 1.80 | 3.71 | 3.39 | 3.97 | 2.90 56.76
SEm () | 0.090 | 0.225 | 0.061 | 0.156 | 0.061 | 0.198 | 0.076 | 0.103
CD (0.05) | 0.190 | NS |0.127 | 0.328 | 0.128 | 0.415 | 0.159 | 0.217
Interactions
HiM; 335 | 2.81 | 3.54 | 205 | 3.77 | 343 | 3.56 | 2.37 28.11
HiM: 329 | 223 | 3.14 | 1.84 | 338 | 246 | 331 | 2.29 23.78
HiM; 331 | 223 | 328 | 1.93 | 3.55 | 2.68 | 3.52 | 2.53 36.76
HaM; 430 | 3.09 | 410 | 2.71 | 440 | 2.77 | 442 | 3.56 92.43
HoM> 334 | 269 | 3.76 | 195 | 3.65 | 3.68 | 391 | 2.56 38.38
HoM; 360 | 3.75 | 3.83 | 1.55 | 3.71 | 4.06 | 3.99 | 2.83 52.97
HsM, 478 | 3.73 | 460 | 197 | 488 | 453 | 5.07 | 4.19 126.49
H3M; 344 | 371 | 3.86 | 224 | 3.68 | 2.62 | 4.18 | 2.75 48.65
H3M; 3.81 | 290 | 3.80 | 1.91 | 3.87 | 3.43 | 439 | 333 80.00
SEm (+) | 0.156 | 0.389 | 0.105 | 0.271 | 0.106 | 0.342 | 0.076 | 0.179
CD (0.05) | 0.329 | 0.817 | 0.221 | 0.569 | 0.222 | 0.719 | 0.159 | 0.376
Control vs other treatments
Control 1.74 | 195 | 296 | 133 | 2.11 | 325 | 292 | 1.85
SEm () |[0.117 | 0.290 | 0.078 | 0.202 | 0.079 | 0.255 | 0.098 | 0.133
CD (0.05) | 0.245 | 0.609 | 0.164 | 0.424 | 0.165 | NS | 0.206 | 0.280

Note: H; - hydrogel @ 1.25 kg ha!, H2 - hydrogel @ 2.5 kg ha™',

Hs- hydrogel @ 3.75 kg ha!, M, - rice straw mulch @ 5 t ha”!,
M3 - rice husk mulch @ 5 t ha™', M3 - coirpith compost mulch @ 2.5 t ha™.

dHD
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4.4.1.2 Soil moisture at 30 cm depth

The data presented in Table 11 showed that hydrogel and mulch had
significant effect on soil moisture (30 cm depth) at 30, 60 and 90 DAS and at harvest

stage.

The soil moisture content at 30 cm depth showed a significant difference
among the levels of hydrogel at 30, 60 and 90 DAS and at harvest stage. Maximum
soil moisture content at 30 cm depth was observed in hydrogel level @ 3.75
kg ha'! (4.14 %, 3.53 %, 4.55 % and 3.42 % respectively) and was on par with
hydrogel level @ 2.5 kg ha™' at 60 DAS.

Among the types of mulch, the observation on soil moisture content at 30
cm depth was found significant at 30, 60 and 90 DAS and at harvest stage. At all
stages (30, 60, 90 DAS and harvest stage) the maximum soil moisture content at 30
cm depth was recorded by rice straw mulch @ 5 t ha! (4.35 %, 3.58 %, 4.35 % and
3.37 % respectively) which was significantly superior to other types of mulch

except at 60 DAS. At 60 DAS it was on par with coirpith compost mulch.

Combined application of hydrogel and mulch was found significant at 30,
60 and 90 DAS and at harvest stage. At all stages (30, 60, 90 DAS and harvest
stage) the maximum soil moisture content at 30 cm depth was recorded by H3M;
(4.88 %, 4.53 %, 5.07 % and 4.19 %) which was on par with HoM; at 60 DAS and
was significantly superior to other combinations. Control had significantly lower
moisture content at 30, 60, 90 DAS and at harvest stage when compared with other

treatments.

The increase in soil moisture content over control was worked out at harvest
stage. The results indicated that there was pronounced increase in soil moisture at
30 cm depth due to application of hydrogel, mulch and their combinations.
Application of hydrogel @ 3.75 kg ha! recorded an increase of 84.86 % and rice
straw mulch recorded 82.16% over absolute control. A cumulative increase of

126.49 % was observed when hydrogel @ 3.75 kg ha™! was combined with rice
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straw mulch @ 5 t ha' which was followed by HoM; (92.43%) and H3M3 (80.00
%).

4.4.2 Bulk density of soil at harvest

The data on bulk density of soil after the harvest of maize crop as influenced
by the levels of hydrogel and types of mulch (Table 12) indicated that there was no
significant difference between the levels of hydrogel, types of mulches, their

interactions and control.
4.4.3 Porosity of soil at harvest

The data on porosity of soil after the harvest of the crop is presented in Table
12. The results showed that porosity of soil was significantly influenced by levels
of hydrogel and types of mulch and no significant difference was observed between

interactions of levels of hydrogel and types of mulch and control.

Among the levels of hydrogel, maximum porosity was observed in hydrogel
applied @ 3.75 kg ha™' (43.64 %) which was significantly superior to other levels
of hydrogel. Among the types of mulch, maximum porosity was observed with
coirpith compost mulch @ 2.5 t ha' (43.56 %) which was significantly superior to
other two types of mulch.

4.4.4 Nutrient status of soil at harvest
4.4.4.1 Available nitrogen

Data on nitrogen content of soil presented in Table 12 showed that hydrogel
@ 1.25 kg ha' (238.34 kg ha'') recorded higher nitrogen content than other two
levels of hydrogel. Rice husk mulch @ 5 t ha! (236.94 kg ha™") recorded higher
nitrogen content followed by coirpith compost @ 2.5 t ha™! which was on par and

superior to rice straw mulch.
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Table 12. Effect of hydrogel and mulching in bulk density, porosity and nutrient
content of soil

Treatment Bulk Porosity of Nutrient content of soil (kg ha™)
Levels of density of soil (%) N P20s K>O
hydrogel | soil (gcc™)
Hj 1.43 42.93 238.34 64.63 276.12
Ha 1.42 43.20 232.76 62.47 230.27
H3 1.42 43.64 204.89 68.02 202.44
SEm (%) 0.013 0.159 1.958 1.197 9.167
CD (0.05) NS 0334 4.114 2.515 19.260
Types of mulch
M, 1.42 43.07 204.89 55.91 200.55
Mz 1.42 43.16 236.94 76.97 268.29
M3 1.41 43.56 234.15 62.24 239.98
SEm (%) 0.013 0.159 1.958 1.197 9.167
CD (0.05) NS 0.334 4.114 2.515 19.260
Interactions
HiM; 1.43 42 .80 234.15 58.56 223.10
HiM2 1.43 42.80 246.70 72.50 319.42
HiM3 1.42 43.20 234.15 62.84 285.82
HaM; 1.43 42.80 217.43 48.65 192.64
HaM> 1.41 43.47 238.34 72.58 246.40
HaM3 1.42 43.33 242.52 66.17 251.78
HsM, 1.41 43.60 163.07 60.53 185.92
H3M2 1.42 43.20 225.79 85.84 239.05
H3M3 1.40 44.13 225.79 57.71 182.34
SEm (%) 0.022 0.275 3.391 2.073 15.878
CD (0.05) NS NS 7.125 4.356 33.359
Control vs other treatments
Control 1.41 43.47 250.88 85.49 299.71
SEm (%) 0.016 0.205 2.528 1.545 11.835
CD (0.05) NS NS 5.311 3.247 24.864

Note: H; - hydrogel @ 1.25 kg ha!, H> - hydrogel @ 2.5 kg ha™,

H3- hydrogel @ 3.75 kg ha™!, M - rice straw mulch @5thal,

M; - rice husk mulch @ 5 t ha!, M3 - coirpith compost mulch @ 2.5 t ha™'.
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Among the interactions, HiM: (246.70 kg ha™') recorded maximum soil
nitrogen content and was on par with HxMs. When control was compared with other
treatments, control recorded higher soil nitrogen content of soil than the other

treatments.
4.4.4.2 Available phosphorus

Phosphorus content of soil was significantly influenced by the levels of
hydrogel, types of mulch, their interactions and control versus other treatments

(Table 12).

Among the levels of hydrogel, maximum soil phosphorus content was
observed with hydrogel @ 3.75 kg ha™' (68.02 kg ha') which was significantly
superior to other two levels of hydrogel. Among the types of mulch, maximum soil
phosphorus content was observed with rice husk mulch @ 5 t ha™' (76.97 kg ha™)
which was significantly superior to other two types of mulch. With respect to
interactions, H3M: (85.84 kg ha™') recorded maximum soil phosphorus content and
was significantly superior than other combinations. When compared the control
with other treatments, control had higher soil phosphorus content of soil than the

other treatments.
4.4.4.3 Available potassium

The effect of hydrogel and mulching on potassium content of soil (Table
12) indicated that potassium content was significantly influenced by the levels of

hydrogel, types of mulch, their interactions and control versus other treatments.

Among the levels of hydrogel, maximum soil potassium content was
observed in hydrogel @ 1.25 kg ha' (276.12 kg ha™') which was significantly
superior to other two levels. Among the types of mulch maximum potassium
content of soil was recorded by rice husk mulch @ 5 t ha™' (268.29 kg ha') and was
significantly superior to other two types of mulch. With respect to interactions,

HiM2 (319.42 kg ha') recorded maximum soil potassium content which was
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superior to other combinations. When control was compared with other treatments,

control recorded higher potassium content of soil than the other treatments.
4.5 ECONOMICS
4.5.1 Gross income

The gross income was significantly influenced by levels of hydrogel, types

of mulches, their interactions and control versus other treatments (Table 13).

Hydrogel @ 2.5 kg ha' (% 2,83,654) recorded maximum gross income and
was significantly superior to other two levels. Maximum gross income was obtained
in rice straw mulch @ 5 t ha'! (% 3,01,426). With respect to interactions, HoM; (R
3,23,907) recorded maximum net income which was significantly superior to other
combinations. When control was compared with other treatments, it was found that

control recorded lower gross income than the other treatments.
5.2.2 Net income

The data on net income (Table 13) showed that net income was significantly
influenced by levels of hydrogel, types of mulch, their interactions and control

versus other treatments.

Hydrogel @ 2.5 kg ha™! (% 1,25,479) was recorded maximum net income
and was significantly superior to other levels. Maximum net income was obtained
in rice straw mulch @ 5 t ha™! (% 1,21,584) and was significantly superior to other
two types of mulch. With respect to interactions, HoM, (%1,44,065) recorded
maximum net income which was significantly superior to other combinations.
When control was compared with other treatments, it was found that control

recorded lower net income than the other treatments.
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Table 13. Effect of hydrogel and mulching on Gross income, net income and BCR

Treatment Economics
Levels of hydrogel Gross income (%) Net income (%) BCR
Hi 251537 80862 1.48
H> 283654 125479 1.80
Hs 262451 104275 1.66
SEm (¥) 1082.31 1199.97 0.008
CD (0.05) 2273.93 2521.14 0.018
Types of mulch
M 301426 121584 1.68
M, 261623 109282 1.73
M3 234592 79751 1.53
SEm (+) 1082.31 1199.97 0.008
CD (0.05) 2273.93 2521.14 0.018
Interactions
HiM; 283296 103454 1.58
HiM> 235055 82714 1.54
HiM; 236259 56417 1.31
HaM 323907 144065 1.80
HaM> 286370 134028 1.92
HaM;3 240685 98343 1.69
HsM;, 297074 117232 1.65
H3M> 263444 111103 1.73
H3M;3 226833 84491 1.59
SEm () 1874.61 2078.41 0.015
CD (0.05) 3938.57 4366.73 0.030
Control vs other treatments
Control 198630 63288 1.47
SEm (¥) 1397.25 1549.15 0.011
CD (0.05) 2935.63 3254.77 0.023

Note: H; - hydrogel @ 1.25 kg ha™', H, - hydrogel @ 2.5 kg ha™,
Hs- hydrogel @ 3.75 kg ha™', M - rice straw mulch @ 5 t ha™!,
M: - rice husk mulch @ 5 t ha™!, Ms - coirpith compost mulch @ 2.5 t ha™.
Prices of inputs: Rice straw - Z 8 kg'!, rice husk - 2.5 kg™, coirpith compost - Z 10 kg™,
hydrogel - ¥ 1800 kg

Prices of outputs: Maize grains: Z 30 kg, maize stover: ¥ 4 kg
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4.5.3 BCR

The BCR was significantly influenced by levels of hydrogel, types of mulch

and control versus other treatments (Table 13).

Hydrogel @ 2.5 kg ha' (1.80) recorded maximum BCR and was
significantly superior to other two levels of hydrogel. Maximum BCR was obtained
in rice husk mulch @ 5 t ha' (1.73) which was significantly superior to other two
types of mulch. With respect to interactions, HoMz (1.92) recorded maximum BCR
which was significantly superior than other combinations. When control was
compared with other treatments, it was found that control recorded lower BCR than

the other treatments.
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5. DISCUSSION

The experiment entitled “Effect of hydrogel and mulching on maize (Zea
mays L.) in sandy soil” was carried out during 2017-18 at College of Agriculture,
Padannakkad. The study aimed to critically evaluate the results of different
treatments on various growth and yield parameters of maize and presented in an
intangible way. Whenever necessary, investigational reports of others have been

quoted for supporting the outcome of present experiment.

5.1 EFFECT OF HYDROGEL AND MULCHING ON GROWTH AND
GROWTH PARAMETERS OF MAIZE

Growth is an irreversible permanent increase in size of an organ or its parts
or even of an individual cell. In all the treatments plant height reached maximum
up to 60 DAS and after that there was no increase in plant height due to tassel
development. At initial stages (30 DAS) of the maize crop, among three levels of
hydrogel, the application of hydrogel @ 2.5 kg ha™' showed significant effect on the
plant height but at later stages (60 DAS) the effect was not significant. Rice straw
mulch @ 5 t ha™! showed significant effect on the height of the maize at 30 and 60
DAS. Among the interactions hydrogel @ 2.5 kg ha and rice straw mulch @ 5
t ha'! recorded the maximum plant height at 30 DAS. All the treatments recorded
more height than control at 30 and 60 DAS (Table 4). The increased plant height in
maize might be due to high water holding capacity of hydrogel and reduced
evaporation by rice straw mulch which in turn increase the availability of nutrients
to the plants and ultimately leading to increased plant height. Increased plant height
due to hydrogel application was also observed by the Mao et al. (2011), Islam et al.
(2011) and Kumari et al. (2017) and due to straw mulch application was reported
by Uwah and Iwo (2011).

The number of leaves plant” increased from 30 DAS to 60 DAS and
thereafter decreased gradually till harvest stage. Application of rice straw mulch
@ 5 t ha'! showed significant difference at 60 and 90 DAS and all treatments
recorded more number of leaves than control at 30 and 90 DAS (Table 4). Mulching
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with rice straw retained the soil moisture for a longer period in the root zone of the
crop may extend the senescence of lower leaves. This is further supported by high
RLWC of the leaves in this treatment as RLWC is an indication of leaf turgidity or
water deficits in plants (Table 6).:This was in line with the findings of Wang er al.
(2011) and Uwah and Iwo (2011).

Increased leaf area is an index of photosynthetic capacity of the plant. LAI
is an important index to study the structure and function of farmland ecosystem and
crop canopy structure and the size of LAI affect stover and grain yield directly
(Feng et al., 2013; Verger et al., 2014). Maximum leaf area and LAI was observed
with main and interaction effects of treatments having hydrogel @ 3.75 kg ha™ and
rice straw mulch @ 5 t ha! at all the stages which was on par with HoM at 60 and
90 DAS and with HiM; at 90 DAS (Fig. 3). Control plot recorded a lower leaf area
and LAI than the remaining treatments (Table 4 and Table 5). It was also observed
that there was a decrease in the leaf area and LAI from 60 DAS to harvest stage but
the rate of decrease was higher in control plot. This might be due to more number
of leaves plant” and high RLWC especially in the case of rice straw mulch@ 5
t ha'! and hydrogel @ 3.75 kg ha' and 2.5 kg ha™'. Decreased moisture content of
plant resulted in decreased cell volume due to lower turgor pressure and consequent
increase in solute concentration in cells. Hydrogel and rice straw mulch increase
the turgor pressure inside the cells by maintaining adequate amount of moisture as

per plant need and thus increased the leaf area and LAI (Yazdani et al., 2007).

Dry matter production is an indication of efficient use of resources. Dry
matter accumulation of maize mainly from leaves, since photosynthesis mainly
occurs in the maize leaves, and LAI determines the yield of maize. Maize growth
is depending on the ability of the plant canopy to absorb incoming radiation and
translate it into dry matter (Gifford er al., 1984). Total dry matter production
plant™ (Table 5) increased from 30 DAS to harvest stage in all the treatments. This
increase may be attributed to an increased leaf area and LAI. Effect of hydrogel on
dry matter production was significant at 30, 60 DAS and at harvest stage. Hydrogel
applied @ 3.75 kg ha'! showed the maximum dry matter production at 30 and 60
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DAS and at harvest stage hydrogel applied @ 2.5 kg ha! recorded the maximum
dry matter production (Fig. 4). The increased dry matter production at harvest stage
with the application of hydrogel @ 2.5 kg ha™' was due to retention of more number
of healthy and turgid leaves in the plant compared to other levels of hydrogel. This
was further supported by the root volume at harvest stage (Table 6 and Fig. 5). The
root volume at harvest stage indicated that application of hydrogel @ 2.5 kg ha™!
may be the optimum dose as further increase in quantity of hydrogel reduced the
root volume significantly which directly influence the uptake of water and nutrients
and finally the growth and dry matter production. Application of rice straw mulch
@ 5 t ha™' recorded the maximum dry matter production at 30, 60and 90 DAS and

at harvest stage.

In general, hydrogel @ 3.75 kg ha™' along with rice straw mulch @ 5 t ha™!
recorded the maximum dry matter production at early growth stages but later stages
hydrogel @ 2.5 kg ha™' with rice straw mulch @ 5 t ha™' recorded the maximum dry
matter production and was on par with rice straw mulch with other two levels of
hydrogel at 90 DAS and again with hydrogel level @ 3.75 kg ha™' at harvest stage.
With respect to percentage increase in dry matter production, hydrogel @ 2.5
kg ha’', rice straw mulch @5t ha! and their combination recorded 40.27,43.2 and,
51.38 % respectively over control (Table 5). Moisture stress during the growth
stages of the crop decreases the capacity of protoplasm to carry photosynthesis and
translocation of photo assimilates. This in turn affects the translocation of
photosynthate and growth regulators and creates disturbances in nitrogen
metabolism. This ultimately resulted in reduced turgor of leaves and decreased
growth (Kramer, 1969). El-Salmawi (2007) stated that increase in dry matter
production was due to increase in carbohydrates, proteins, total amino acids and
other biochemical and physiological parameters especially in the presence of

hydrogel.
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Similarly, a significant increase in dry matter production due to hydrogel
application was reported by Silberbush ez al. (1993) in maize, Akhter ez al. (2004)
in barley and wheat and Yazdani et al. (2007) in soybean and due to straw mulch
application by Khan and Parvej (2010), Ma et al. (2017) and Yin et al. (2017) in

maize.

The high soil moisture content and increased root spread improves the
accessibility of plant roots to nutrients (Sarkar, 2005). The results on root volume
(Table 6 and Fig. 4) of maize plant was found maximum with the main and
interaction effects of hydrogel application @ 2.5 kg ha™! and rice straw mulch
application @ 5 t ha™' which was on par with interaction of hydrogel @ 3.75
kg ha' with rice straw mulch @ 5 t ha'. When comparing all the treatment
combinations with control, control showed a lower root volume than the other
treatments. Hydrogel application @ 2.5 kg ha™! recorded 47.14 %, rice straw mulch
application @ 5 t ha'' recorded 39.47 % and their combination recorded 58.68 %
more root volume over control (Table 6 and Fig. 5). The increased root volume due
to hydrogel and straw mulch application was due to increased availability of water
and nutrients for a longer period of time and maintenance of soil temperature and

aeration for better root growth near the root zone of the crop.

Application of hydrogel increased the porosity of the soil (Table 12).
Increased porosity along with high moisture content at the root zone of the crop
might have resulted in poor aeration and reduced root growth. This might be the
reason for decreased root volume at higher level of hydrogel @ 3.75 kg ha™.
Decreased root volume with increase in the level of hydrogel might be due to less
aeration and/or high moisture content (Table 6). Increased root growth due to
hydrogel application was also observed by Zhang et al. (2005) in maize and Meena
et al. (2011) in tomato.
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Hydrogel @ 1.25 kg ha™ + Hydrogel @ 2.5 kg ha! +
rice straw mulch @ 5 t ha! rice straw mulch @ 5 t ha'!
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Hydrogel @ 3.75 kg ha! + Control
rice straw mulch @ 5 t ha™!

Plate 2. Root volume at harvest
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5.2 EFFECT OF HYDROGEL AND MULCHING ON YIELD AND YIELD
ATTRIBUTES OF MAIZE

5.2.1 Yield attributes

Yield is the net outcome of several interactions such as soil properties,
weather parameters, leaf area and various metabolic and biochemical interactions

taking place during crop growth.

The grain yield of maize was also influenced by dry matter accumulation in
different parts especially in reproductive parts and yield components which is the
product of interactions of above characters. The cause and effect relationship is
difficult to understand mainly because of complexity in understanding the interplay
of several processes and functions which ultimately led to changes not only in
growth, development and physiology, but also on the yield, which is the most
complex character. It was well established that the yield of the plant is decided by
the growth parameters like LAIL, number of leaves, root growth and dry matter
production. The growth analysis technique has been adopted as one of the standard
approaches in the absence of sophisticated instruments to analyse the structure of

yield in several crops.

The important yield parameters which decides yield in maize are number of
cobs plant”, number of grains cob™ and test weight of grain. Number of grains
cob™! is decided by length and girth of cob. Results on length and girth of cob
showed significant difference between control and remaining treatments (Table 7).
Control recorded lower length and girth of the cob than the remaining treatments.
This might be due to good availability of water and nutrients to the plants in
hydrogel and mulch applied treatments resulted in better root and shoot growth, leaf
area, LAl and dry matter production which finally reflected on the yield
components and yield than the control. The increased length and girth of the cob
due to straw mulch application was also observed by Khan and Parvej (2010) and

Zhang et al. (2015).
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Hydl‘OgC] @ 1.25 kg ha! + Hydrogel @ 2.5kg ha'! +
rice straw mulch @ 5 t ha™ rice straw mulch @ 5 t ha™

Hydrogel @ 3.75 kg ha! +
rice straw mulch @ 5 t ha’!

Control

Plate 3. Cobs after harvesting
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Though, the genetic composition of a crop cultivar is the main component
determining its yield potential, the expression of morphological, physiological and
biochemical factors finally decides the productivity of a crop in moisture stress
situation. Yield is a complex attribute which comprises the interaction of several
intrinsic and exterior factors. It mostly depends upon the production and
mobilization of carbohydrates, uptake of moisture and nutrients from soil, in
additional to a number of environmental factors to which crop is exposed during

the growth period (Schonfeld er al., 1988).

Among hydrogel levels, maximum number of grains cob™! was recorded in
hydrogel applied @ 2.5 kg ha' and it was on par with hydrogel @ 3.75 kg ha.
Maximum number of grains cob' was recorded by rice straw mulch applied @ 5
t ha! and among interactions, rice straw mulch @ 5 t ha™! with hydrogel @ 3.75
kg ha' produced maximum number of grains cob' and it was on par with
application rice straw mulch @ 5 t ha' and hydrogel @ 2.5 kg ha'. Control
produced lower number of grains cob™' than the remaining treatments (Table 7).
With respect to percentage increase in number of grains cob™, hydrogel @ 2.5
kg ha™! and rice straw mulch @ 5 t ha™' recorded 22.01, 26.39 % respectively over
control (Table 7). Among combinations, hydrogel @ 3.75 kg ha! with rice straw
mulch @ 5 t ha! recorded 32.53 % more number of grains cob™ than the control
(Table 7). More number of grains cob! may be due to good pollination, better
development of grains by increased availability of nutrients, water and high
photosynthates accumulation. The increased number of grains cob™ due to hydrogel
application was also reported by Mazen et al. (2015) and Kumari et al. (2017). Nill
and Nill (1993), Singh ef al. (2015) and Zhang et al. (2015) also reported the

positive effect of straw mulch on grains cob™ in maize.

Among types of mulch, test weight (100 grains) was maximum in rice straw
mulch applied @ 5 t ha'. Control recorded the lowest test weight when compared
with remaining treatments (Table 8). Higher test weight might be due to high

photosynthates accumulation and translocation to the grains. The higher test weight

)0
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due to mulch application was by Khan and Parvej (2010), Singh ef al. (2015) and
Ma et al. (2017).

5.2.2 Yield of maize

Higher cob, grain (Fig. 6) and stover yield was observed with main and
interaction effects of treatments with hydrogel @ 2.5 kg ha™' and rice straw mulch
@ 5 t ha'. Control produced lower cob, grain and stover yield than the remaining
treatments (Table 8). With respect to percentage increase in grain yield over control
application of hydrogel @ 2.5 kg ha”, rice straw mulch @ 5 t ha" and their
combination recorded 44.42, 53.06 and 65.29 % more root volume respectively than
control (Table 8). The higher grain yield in these treatments might be attributed to
more number of grains cob™! (Table 7 and Table 8). The improvement in yield
component was due to the improved growth parameters like higher total dry matter
production and higher leaf area and LAI Increased grain yield due to hydrogel
application was also observed by Magalhaes et al. (1987), Yangyuoru et al. (2006)
and Kumari et al. (2017) and due to mulching was observed by Gajri et al. (1994),
Shen et al. (2012), Stagnari et al. (2014) and Zhang et al. (2015).

5.2.3 Harvest index

Harvest index reflects the partitioning of photosynthates between the grain
and the vegetative portion of plant. It was significant in case of hydrogel
application. Among the hydrogel levels hydrogel applied @ 3.75 kg ha™' recorded
maximum harvest index and was on par with hydrogel applied @ 2.5 kg ha™’.
Control recorded the lowest harvest index than the rest of the treatments (Table 8).
This might be due to proper translocation of photo assimilates to the grains resulted
in a stable individual grain weight. The higher harvest index due to hydrogel

application was also observed by Yazdani ef al. (2007) in soybean.

An increase in growth and yield attributes in the present experiment could
be because of sufficient availability of water during the growth stages of the crop.

Increased availability of water indirectly influences the nutrient supply by the super
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absorbent polymer to the plant under water stress condition, which in turn lead to
better translocation of water, nutrients and photo assimilates and finally better plant

growth, development and yield.

5.3 EFFECT OF HYDROGEL AND MULCHING ON PLANT ANALYSIS
OF MAIZE

It can be seen from Table 10 that the nutrient uptake was significantly
influenced by treatments. Among the different levels of hydrogel, application of
hydrogel @ 2.5 kg ha™! recorded the highest stover, grain and total N and P uptake.
The highest K uptake by grain was recorded by application of hydrogel @ 2.5
kg ha'', while maximum stover and total K uptake was recorded in hydrogel @ 3.75

kg ha'!.

Among types of mulch maximum stover, grain and total N, P, K uptake was
recorded by application of rice straw mulch @ 5 t ha'. Among interactions,
maximum total N and P uptake was recorded with hydrogel @ 2.5 kg ha' along
with rice straw mulch applied @ 5t ha™!. Maximum total K uptake was recorded in
hydrogel @ 3.75 kg ha™' with rice straw mulch applied @ 5 t ha'. Increased nutrient
uptake in rice straw mulch and hydrogel applied plots might be due to increased
availability of soil moisture content and root growth which inturn influence the
nutrient uptake and high dry matter production. Increased nutrient uptake by
hydrogel application was also observed by Mandal et al. (2015) in maize and Shahid
et al. (2016) in wheat.

5.4 EFFECT OF HYDROGEL AND MULCHING ON SOIL ANALYSIS

5.4.1 Soil moisture content

Hydrogel, a substance that absorbs water and swells into several times of
their original size and weight are used in soil to create a water reserve near the
rhizosphere zone (Han et al., 2010). The hydrogel application leads to increased
WUE utilizing the moisture that would have been otherwise leached out beyond the

root zone of the crop.
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When, the hydrogel is added into the soil, they hold large amount of
moisture and nutrients, which are released subsequently according to the
requirement of the plant (Bhardwaj er al., 2007). Mulching decreased the
evaporation of soil water through shading soil surface from solar radiation (Bond
and Willis, 1970) and this moisture will be available to plants for longer period of
time. Results on effect of mulch (Table 11) showed a significant influence on soil
moisture. Rice straw mulch @ 5 t ha' recorded maximum soil moisture content at
15 and 30 cm depth at all the stages of crop growth except at 60 DAS (Fig. 9 and
10). This might be due to better soil surface coverage offered by straw mulch than
the other mulches resulted in reduced evaporation from the soil. The insignificant
effect of different types of mulch on soil moisture at 15 cm depth at 60 DAS may
be attributed to the shading effect of plant canopy on the soil surface. Hydrogel
applied @ 3.75 kg ha™' recorded maximum moisture content at 15 and 30 cm depth
at all the stages of the crop growth except at harvest stage where hydrogel effect
was non-significant and it was on par with hydrogel @ 2.5 kg ha™' at 60 DAS (15
cm depth) (Table 11 and Fig. 7 and 8). In general, among the interactions the high
soil moisture content at 15 and 30 cm depth was found with hydrogel @ 3.75
kg ha™' and rice straw mulch @ 5 t ha™' at all the stages under observation (Fig. 11
and 12). High moisture content in hydrogel applied treatment @ 3.75 kg ha™' was
due to preservation of moisture by the hydrogel and slow release to the soil in
accordance with decrease in the soil moisture content. At all the stages, control was
recorded lower moisture content than the remaining treatments except at 60 DAS
(30 cm depth). When comparing the percentage increase in soil moisture content at
30 cm depth with control it was observed that hydrogel application @ 3.75 kg ha’!
recorded 84.86 %, rice straw mulch application @ 5 t ha™' recorded 82.16 % and
their combination recorded 126.49 % more soil moisture than the control (Table

11).
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Increased soil moisture content due to straw mulching was also observed by
Shenetal.(2012), Liet al. (2013) and Zhao et al. (2014) and increased soil moisture
content by hydrogel application was reported by Koupai ef al. (2008), Ekabafe
et al. (2011) and Nazarli et al. (2012) in sandy soil.

5.4.2 Soil physical properties

Among the types of mulch, coirpith compost mulch @ 2.5 t ha' shown the
maximum porosity. Among the hydrogel levels, hydrogel applied @ 3.75 kg ha™!
recorded the maximum porosity (Table 12). Increase in the porosity of soil due to
hydrogel application was observed by Uz ef al. (2008) and due to mulching was
observed by Uguru et al. (2015).

5.4.3 Soil chemical properties

Among the types of mulch, rice husk mulch @ 5 t ha™' showed high content
of available soil N, P,Os, K>O than other types of mulch. Though rice husk is
applied as a mulch, it will take more time to degrade due to wide C: N ratio and
high silica content. Part of the applied nutrients and the nutrients available from the
soil may be utilized for decomposition of rice husk and might be retained in the soil
resulted in low uptake of these nutrients by the plants in rice husk mulch treatment.
Among the levels of hydrogel, more available soil N and K20 was recorded in plots
where hydrogel was applied @ 1.25 kg ha! and more available soil POs content
was recorded in hydrogel applied @ 3.75 kg ha™' (Table 12). High available soil N
and K0 content was recorded when hydrogel was applied @ 1.25 kg ha™! with rice
husk mulch @ 5 t ha'' (Table 12) and high available soil P»Os recorded when
hydrogel was applied @ 3.75 kg ha™' with rice husk mulch @ 5 t ha!. Hydrogels
usually contain micro pores that allow small molecules such as NHy to diffuse
through the hydrogel. The subsequent release of nutrient is then based on the
diffusive properties of the polymer, its decomposition rate, and the nature of the
nutrient salt (Johnson and Veltkamp, 1985). Control recorded high available soil N,
P20s, K20 content than the remaining treatments because less uptake of these

nutrients in control plot attributed to poor growth of the plant.

sy
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5.5 EFFECT OF HYDROGEL AND MULCHING ON ECONOMICS OF MAIZE
CULIVATION

Economic analysis is the most important parameter to know the monetary
benefits and losses in crop husbandry. Present experiment showed (Table 13) that
among types of mulch, maximum gross income and net income was obtained in rice
straw mulch applied @ 5 t ha™' due to high yield. Maximum BCR was observed in
rice husk mulch applied @ 5 t ha! due to low cost of rice husk than other two types
of mulch. Among types of hydrogel, maximum gross income, net income and BCR
was observed in which hydrogel was applied @ 2.5 kg ha!' due to high yield
obtained in this level of hydrogel. Among interaction effects maximum net income
and gross income was obtained in hydrogel applied @ 2.5 kg ha! with rice straw
mulch @ 5 t ha! due to high yield. Maximum BCR (Fig. 13) was recorded with the
interaction of hydrogel @ 2.5 kg ha™' and rice husk mulch @ 5 t ha! because of low
cost of rice husk than the other two types of mulch. When compared the control
with rest of treatments, control recorded lower gross income, net income and BCR
than the remaining treatments due to less yield in control plot than the other

treatments.

/
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6. SUMMARY

A field experiment entitled “Effect of hydrogel and mulching on maize (Zea
mays L.) in sandy soil” was carried out at College of Agriculture, Padannakkad
during 2016-2018 to study the effect of hydrogel (super absorbent polymer) and
mulching on soil moisture status, growth and yield of maize in sandy soil. Soil of
experimental field is sandy. The experiment was laid out in factorial randomized
block design having two factors with three levels each and one additional control.
Hydrogel and mulch were the two factors. Three levels of hydrogel were H; - 1.25
kg ha”', Hz - 2.5 kg ha'!, Hs - 3.75 kg ha! and three types of mulch were M — rice
straw, Mz —rice husk, M3 — Coir pith compost were tested in the study. The treatment
combinations were T - 1.25 kg ha! hydrogel + rice straw, T2 - 1.25 kg ha™ hydrogel
+rice husk, T3 - 1.25 kg ha! hydrogel + Coir pith compost, T4 - 2.5 kg ha™! hydrogel
+ rice straw, Ts - 2.5 kg ha™! hydrogel + rice husk, Ts - 2.5 kg ha™ hydrogel + coir
pith compost, T7 - 3.75 kg ha™! hydrogel + rice straw, Tg - 3.75 kg ha’! hydrogel +
rice husk, Ts - 3.75 kg ha! hydrogel + coir pith compost, T1o- control (KAU Package

of Practices recommendations, 2016).

Straw mulch and rice husk mulch were applied @ 5 t ha™! and coir pith
compost mulch was applied @ 2.5 t ha™'. Observations were recorded on Growth
and growth attributes such as plant height at 30, 60, 90 DAS and harvesting stage,
number of leaves per plant at 30, 60, 90 DAS and harvesting stage, leaf area and
Leaf Area Index (LAI) at 30, 60, 90 DAS and harvesting stage, dry matter production
at 30, 60, 90 DAS and harvesting stage, root volume at harvest and RLWC at 30, 60
and 90 DAS. The yield and yield attributes like number of cobs plant™!, number of
rows cob, length of cob, girth of cob, number of grains cob™, test weight (100
grains), cob yield, grain yield, stover yield and harvest index were recorded at

harvest stage.

Plant analysis like nutrient content of plant (N, P, K) and nutrient uptake (N,
P, K) and soil analysis like moisture content at sowing, 30, 60, 90 DAS and at harvest

(15 cm and 30 cm depth), nutrient status of soil before sowing and at harvest, bulk
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density of soil before sowing and at harvest, porosity of soil before sowing and at
harvest were also recorded. Economics like Gross return, Net retum,- Benefit: Cost
ratio (BCR) were worked out based on existing local market price of inputs and
produce. The data were statistically analysed and results of the study were briefly

presented here under.

At initial stages (30 DAS) of the maize crop, among levels of hydrogel,
hydrogel applied @ 2.5 kg ha' recorded maximum plant height. Among the types of
mulch, rice straw mulch @ 5 t ha™' showed the maximum plant height of the maize
at 30 and 60 DAS. Among the Interactions hydrogel @ 2.5 kg ha™! with rice straw
mulch @ 5 t ha”' recorded the maximum plant height at 30 DAS. At 30 and 60 DAS

all the treatments recorded the higher height than the control.

Number of leaves plant™' was significantly influenced by the rice straw mulch
@5t ha™! at 60 and 90 DAS. At 30 and 90 DAS, all treatments showed more number

of leaves than the control.

Maximum leaf area and LAI was observed in treatments with hydrogel @
3.75 kg ha™' and rice straw mulch @ 5 t ha! and its combinations at all the stages
(30, 60 and 90 DAS) which was on par with H2M at 60 and 90 DAS and with HiM;
at 90 DAS. Control recorded a lower leaf area and LAI than the remaining

treatments.

Effect of hydrogel on dry matter production was significant at 30, 60 DAS
and at harvest stage. Hydrogel applied @ 3.75 kg ha™! showed the maximum dry
matter production at 30 and 60 DAS but at harvest stage hydrogel applied @ 2.5
kg ha™' recorded the maximum dry matter production and was on par with hydrogel
applied @ 3.75 kg ha™'. Rice straw mulch @ 5 t ha' showed maximum dry matter
production at 30, 60, 90 and at harvest stage. Among the interactions, hydrogel @
3.75 kg ha with rice straw mulch @ 5 t ha™ recorded maximum dry matter
production at 30 and 60 DAS but at 90 and harvest stage hydrogel @ 2.5 kg ha™' with

rice straw mulch @ 5 t ha™! gave maximum dry matter production and it was on par
g ry p

™
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with HsM; and H3M; at 90 DAS. At all the stages of crop, control recorded lower

dry matter production than the remaining treatments.

The results on root volume of maize plant was found maximum with the main
effects and interaction effects of hydrogel application @ 2.5 kg ha™' and rice straw
mulch application @ 5 t ha' which was on par with hydrogel @ 3.75 kg ha™' with
rice straw mulch @ 5 t ha''. Control showed a lower root volume than the other

treatments.

Results on length and girth of cob showed significant difference between
control and remaining treatments. Control showed a lower length and girth of the

cob than the rest of treatments.

Maximum number of grains cob™' was observed in hydrogel application @
2.5 kg ha! and was on par with hydrogel @ 3.75 kg ha™'. Maximum number of
grains cob™! was recorded by rice straw mulch applied @ 5 t ha' and among
interactions hydrogel @ 3.75 kg ha™! with rice straw mulch @ 5 t ha' was produced
maximum number of grains cob™' and it was on par with hydrogel @ 2.5 kg ha' and
rice straw mulch @ 5 t ha™!. Control produced lower number of grains cob™! than

the remaining treatments.

Application of rice straw mulch @ 5 t ha™' recorded highest test weight and

control recorded lowest test weight than the remaining treatments.

Higher cob, grain and stover yield were observed in main and interaction
effects of treatments with hydrogel @ 2.5 kg ha™ and rice straw mulch @ 5 t ha™..

Control produced lower cob, grain and stover yield than the remaining treatments.

Harvest index was significant in case of hydrogel application. Hydrogel
applied @ 3.75 kg ha™ recorded maximum harvest index and was on par with
hydrogel applied @ 2.5 kg ha™'. Control produced lower harvest index than the rest

of the treatments.
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Application of hydrogel @ 2.5 kg ha™' recorded the highest stover, grain and
total N and P uptake. The highest K uptake by grain was recorded by application of
hydrogel @ 2.5 kg ha™', while maximum stover and total K uptake was recorded in
hydrogel @ 3.75 kg ha'. Among types of mulch maximum stover, grain and total
N, P, K uptake was recorded by the application of rice straw mulch @ 5 t ha™.
Among interactions, maximum total N and P uptake was recorded in which
hydrogel @ 2.5 kg ha™' with rice straw mulch @ 5 t ha™' and maximum total K
uptake was recorded in hydrogel @ 3.75 kg ha™' with rice straw mulch applied @S5
tha'.

With regards to moisture content of soil, rice straw mulch @ 5 t ha’
recorded maximum soil moisture content (15 and 30 cm depth) at all the stages of
crop growth except at 60 DAS (15 cm depth). At 60 DAS, there was no significant
difference between types of mulch on soil moisture at 15 cm depth. Hydrogel
applied @ 3.75 kg ha™' recorded maximum moisture content at 15 and 30 cm depth
at all the stages of the crop growth except at harvest stage where hydrogel effect
was non-significant and was on par with hydrogel @ 2.5 kg ha! at 60 DAS (15 cm
depth).

In general, among the interactions, high soil moisture content at 15 and 30
cm depth was found with hydrogel @ 3.75 kg ha™' and rice straw mulch @ 5 t ha™!
at all the stages under observation. Control recorded lower moisture content than

the remaining treatments at all the stages, except at 60 DAS (30 cm depth).

Hydrogel and mulch showed the significant effect on available soil N, P,0s,
K20 content. Among the types of mulch, rice husk mulch @ 5 t ha™ recorded the
high available soil N, P20s, K»O content than other types of mulch. Among the
levels of hydrogel, high available soil N and K»O was recorded in which hydrogel
applied @ 1.25 kg ha™' and high available soil P,Os content was recorded in which
hydrogel applied @ 3.75 kg ha™'. Among the interactions, high available soil N and
K20 content was recorded in which hydrogel applied @ 1.25 kg ha™' with rice husk

mulch @ 5 t ha'! and maximum available P,Os content was recorded with H3M.
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Control recorded the high available soil N, P,Os, K20 content than the remaining

treatments.

Hydrogel and mulch showed a significant effect on porosity of soil. Coirpith
compost mulch @ 2.5 t ha™' and hydrogel applied @ 3.75 kg ha™' recorded the

maximum porosity.

Hydrogel and mulch showed the significant effect on economics of
experiment. Among types of mulch, maximum gross income and net income was
obtained in rice straw mulch applied @ 5 t ha' and maximum BCR was recorded
in rice husk mulch was applied @ 5 t ha”'. Among types of hydrogel, maximum
gross income, net income and BCR was observed in which hydrogel applied @ 2.5
kg ha'. Among interaction effects maximum net income and gross income were
recorded when hydrogel applied @ 2.5 kg ha! with rice straw mulch @ 5 tha'and
maximum BCR recorded with the interaction of hydrogel @ 2.5 kg ha™' and rice
husk mulch @ 5 t ha!. When compared the control with rest of treatments, control

recorded lower gross income, net income and BCR than the remaining treatments.

The overall results of the study revealed that in sandy soils, maize yield can
be significantly improved by the application of hydrogel and mulch. The hydrogel
@ 2.5 kg ha! in combination with rice straw mulch @ 5 t ha"' was most efficient
and economical and can be recommended for maize cultivation in sandy soils of

Kerala.
Future line of work

Water management studies on maize under varying levels and methods of
irrigation with different levels of hydrogel and rice straw mulch @ 5 t ha™! in sandy
soil offers a tremendous scope in future. There are possibilities to study the nutrient
management practices with hydrogel and mulching on maize. More crops especially
vegetables and ornamentals shall be included in such trials with hydrogel and rice

straw mulch in sandy soils.

©



REFERENCES



97

7. REFERENCES

Abdulaziz, R. and Al-Harbi, A. R. 1996. Growth response of cucumber to
hydrophilic polymer application under different soil moisture levels. Soil

Sci. 43(4): 547-566.

Acharya, C. L., Hati, K. M., and Bandyopadhyay, K. K. 2005. How mulching

influences, the soil environment. Encycl. Soils Environ. 23: 521-532.

Adams, J. E., Arkin, G. F., and Ritchie, J. T. 1976. Influence of row spacing and
straw mulch on first stage drying. Soil Sci. Soc. Am. J. 40: 436-442.

Akhter, J., Mahmood, K., Malik, K. A., Mardan, A., Ahmad, M., and Igbal, M. M.
2004. Effects of hydrogel amendment on water storage of sandy loam and
loam soils and seedling growth of barley, wheat and chickpea. Plant Soil
Environ. 50(10): 463-469.

Al-Darby, A. M. 1996. The hydraulic properties of a sandy soil treated with gel

forming soil conditioner. Soil Technol. 9: 15-28.

Anikwe, M. A. N. 2000. Amelioration of a heavy clay loam soil with rice husk dust
and its effect on soil physical properties and maize yield. Bioresource
Technol. 74: 169-173.

Anikwe, M. A. N., Mbah, C. N., Ezeaku, P. L., and Onyia, V. N. 2007. Tillage and
plastic mulch effects on soil properties and growth and yield of cocoyam
(Colocasia esculenta) on an ultisol in South Eastern Nigeria. Soil Tillage

Res. 93:264-273.

Ashrafuzzaman, M., Abdulhamid, M., Ismail, M. R., and Sahidullah, S. M. 2011.
Effect of plastic mulch on growth and yield of chilli (Capsicum annuum L.).
Braz. Arch. Biol. Technol. 54: 321-330.



98

Azarpour, E. 2013. Study effects of super absorbent application, saline water and
irrigation management on yield and yield components of peanut (4rachis

hypogaea L.). Ann. Biol. Res. 4(1): 160-169.

Azzam, R. A. 1983. Polymeric conditioner gels for desert soils. Commun. Soil Sci.
Plant Anal. 14: 739-760.

Bakr, N., Elbana, T. A., Arceneaux, A. E., Zhu, Y., Weindorf, D. C., and Selim, H.
M. 2015. Runoff and water quality from highway hillsides: influence
compost/mulch. Soil Tillage Res. 150: 158-170.

Bansal, S. P., Gajri, P. R., and Prihar, S. S. 1971. Effect of mulching on water
conservation, soil temperature and growth of maize and pearl-millet. /ndian

J. Agric. Sci. 41: 467-473.

Baran, A., Zaleski, T., Kulikowski, E., and Wieczorek, J. 2015. Hydrophysical and
biological properties of sandy substrata enriched with hydrogel. Pol. J.
Environ. Stud. 24(6): 2355-2362.

Barron, J. and Okwach, G. 2005. Run-off water harvesting for dry spell mitigation
in maize (Zea mays L.) results from on-farm research in semi-arid Kenya.

Agric. Water Manage. 74: 1-21.

Beagle, E. C. 1978. Rice husk conversion to energy. FAO Agricultural Bulletin No.
3. FAO, Rome, 125p.

Begum, S. A., Ito, K., Senge, M., and Hashimoto, 1. 2001. Assessment of selected
mulches for reducing evaporation from soil columns and dynamics of soil

moisture and temperature. Sand Dune Res. 48: 1-8.

Bhardwaj, A. K., Shainberg, 1., Goldstein, D., Warrington, D. N., and Levy, G. J.
2007. Water retention and hydraulic conductivity of cross linked poly
acrylamides in sandy soils. Soil Sci. Soc. Am. J. 71: 406-412.

‘S,

o



99

Bhatt, R., Khera, K. L., and Arora, S. 2004. Effect of tillage and mulching on yield
of corn in the sub mountainous rainfed of Punjab, India. Int. J. Agric. Biol.
6(1): 126-128.

Black, C. A., Evans, D. D., Ensminger, L. E., White, J. L., and Clark, F. E. 1965.
Methods of soil analysis. American Society of Agronomy, USA, 156p.

Boatright, J. L., Balint, D. E., Mackay, W. A., and Zajicek, J. M. 1997.
Incorporation of a hydrophilic polymer into annual landscape beds. .J.

Environ. Hortic. 15: 37-40.

Bond, J. J. and Willis, W. O. 1970. Soil water evaporation: first stage drying as
influenced by surface residue and evaporation potential. Soil Sci. Soc. Am.

Proc. 34: 924-928.

Borivoj, S., Rak, L., and Bubenikova, 1. 2006. The effect of hydro-absorbent on
selected soil biological and biochemical characteristics and its possible use

in revitalization. Ecol. 25(4): 422-429.

Boyhan, G. E., Hicks, R., and Hill, C. R. 2006. Natural mulches are not very

effective for weed control in onions. Hort. Technol. 16: 523-526.

Callaghan, T. V., Abdelnour, H., Lindley, D. K. 1988. The environmental crisis in
the Sudan: The effect of water absorbing synthetic polymers on tree

germination and early survival. J. Arid Environ. 14: 301-317.

Cattivelli, L., Rizza, F., Badeck, F. W., Mazzucotelli, E., Mastrangelo, A. M.,
Francia, E., Mare, C., Tondelli, A., and Stanca, A. M. 2008. Drought
tolerance improvement in crop plants: An integrative view from breeding to

genomics. Field Crop Res. 105: 1-14.

Celik, L., Ortas, 1., and Killic, S. 2004. Effects of compost, mycorrhiza, manure and
fertilizer on some physical properties of a Chromoxerert soil. Soil Tillage
Res. 78: 59-67.



100

Chakraborty, F. P. D., Nagarajan, S., Aggarwal, P., Gupta, V. K., Tomar, R. K.,
Garg, R. N., Sahoo, R. N., Sarkar, A., Chopra, U. K., Sarma, K. S. S., and
Kalra, N. 2008. Effect of mulching on soil and plant water status, and the
growth and yield of wheat (7riticum aestivum L1.) in a semi-arid

environment. Agric. Water Manag. 95: 1323-1334.

Chalker-Scott, L. 2007. Impact of mulches on landscape plants and the

environment-a review. J. Environ. Hortic. 25: 239-249.

Chantigny, M. H. 2003. Dissolved and water-extractable organic matter in soils: a
review on the influence of land use and management practices. Geoderma

113: 357-380.

Chaudhary, M. R. and Prihar, S. S. 1974. Root development and growth response
of corn following mulching, cultivation or inter row compaction. Agron. J.

66: 350-355.

Chaudhary, M. R., Gajri, P. R., Prihar, S. S., and Khera, R. 1985. Effect of deep
tillage on soil physical properties and maize yield on coarse textured soils.
Soil Tillage Res. 6: 32-44.

Chen, S. Y., Zhang, X. Y., Pei, D., and Sun, H. Y. 2004. Soil evaporation and soil
temperature in maize field mulched with wheat straw. J. Irrig. Drain. 23:

34-36.

Cooper, P.J. M., Keatinge, J. D. H., and Hughes, G. 1983. Crop evapotranspiration
—atechnique for calculation of its components by field measurements. Field
Crops Res. 7:299-312.

Creamer, N. G., Bennett, M. A., Stinner, B. R., Cardina, J., and Regnier, E. E. 1996.
Mechanisms of weed suppression in cover crop based production systems.
Hort. Sci. 31(3): 410-413.



11329

101

Cui, F.J., Wang, G. Z., Yin, Z. J., Zhang, Z. Q., and Pan, X. F. 1998. The effect of
minced stalk mulching on the cotton field soil. China Cottons 25(5): 7-9.

Dar, S. B., Mishra, D., Zahida, R., and Afshana, B. B. 2017. Hydrogel: To enhance
crop productivity per unit available water under moisture stress Agriculture.

Bull. Env. Pharmacol. Life Sci. 6(10): 129-135.

Dass, A., Singh, A., and Rana, K. S. 2013. In-situ moisture conservation and
nutrient management practices in fodder-sorghum (Sorghum bicolor). Ann.
Agric. Res. 34(3): 254-259.

De Mamann, A. T. W., Da Silva, J. A. G., Scremin, O. B., Mantai, R. D., Scremin,
A.H., and Dornelles, E. F. 2017. Nitrogen efficiency in wheat yield through

the biopolymer hydrogel. Revista Brasileira de Engenharia Agricola e
Ambiental 21(10): 697-702.

DES [Directorate of Economics and Statistics]. 2017. DES home page [on line].
Available: https://eands.dacnet.nic.in. [07 Nov. 2017].

Doring, T. F., Brandt, M., Heb, J., Finckh, M. R., and Saucke, H. 2005. Effects of
straw mulch on soil nitrate dynamics, weeds, yield and soil erosion in

organically grown potatoes. Field Crop Res. 94: 238-249.

Dragicevic, V., Simic, M., Sredojevic, S., Kresovic, B., Saponjic, B., and
Jovanovic, Z. 2011. The effect of super-hydro-grow polymer on soil
moisture, nitrogen status and maize growth. Fresenius Environ. Bull.

20(4a): 1013-1019.

Ekabafe, 1. O., Ogbeifun, D. E., and Okieimen, F. E. 2011. Polymer applications in
agriculture. Biochem. 23(2): 81-89.

El-Hady, O. A., El-Kader, A. A., and Shafi, A. M., 2009. Physico-bio-chemical
properties of sandy soil conditioned with acrylamide hydrogels after

cucumber plantation. Aust. J. Basic Appl. Sci. 3(4): 3145-3151.



102

El-Salmawi, K. M. 2007. Application of polyvinyl alcohol (pva)/carboxymethyl
cellulose (cmc) by conventional crosslinking or by freezing and thawing. .J.
Macromol. Sci. 44: 619-624.

Essien, B. A., Essien, J. B., Nwite, J. C., Eke, K. A., Anaele, U. M., and Ogbu, J.
U. 2009. Effect of organic mulch materials on maize performance and weed
growth in the derived savannah of South Eastern Nigeria. Niger. Agric. J.
40(1): 255-262.

Fabrizzi, K. P., Garcia, F. O., Costa, J. L., and Picone, L. I. 2005. Soil water
dynamics, physical properties and corn and wheat responses to minimum
and no-tillage systems in the Southern Pampas of Argentina. Soil Tillage
Res. 81: 57-69.

Fang S. Z., Xie B. D., Liu D., and Liu, J. J. 2011. Effects of mulching materials on
nitrogen mineralization, nitrogen availability and poplar growth on

degraded agricultural soil. New Far. 41: 147-162.

Feng, R., Zhang, Y. S., Yu, W. Y., Hu, W., Wu, J.W., Ji, R. P, Wang, H. B., and
Zhao, X. L. 2013. Analysis of the relationship between the spectral
characteristics of maize canopy and leaf area index under drought stress.
Acta. Ecologica. Sinic. 33: 301-307.

Fernandez, C. and Vega, J. A. 2016. Are erosion barriers and straw mulching
effective for controlling soil erosion after a high severity wildfire in NW
Spain. Ecol. Eng. 87: 132—138.

Fernandez, C., Vega, J. A., Fonturbel, T., Barreiro, A., Lombao, A., Gomez-Rey,
M. X., Diaz-Ravinab, M., and Gonzalez-Prieto, S. 2016. Effects of straw

mulching on initial post-fire vegetation recovery. Ecol. Eng. 95: 138-142.

Flannery, R. L. and Busscher, W. J. 1982. Use of a synthetic polymer in potting
soils to improve water holding capacity. Commun. Soil Sci. Plant Anal. 13

(2): 103-111.



103

Gaikwad, G. S., Vilhekar, S. C., Mane, P. N., and Vaidya, E. R. 2017. Impact of
organic manures and hydrophilic polymer hydrogel on conservation of
moisture and sunflower production under rainfed condition. Adv. Res. J.

Crop Improv. 8(1): 31-35.

Gajri, P. R., Arora, V. K., and Chaudhary, M. R. 1994. Maize growth responses to
deep tillage, straw mulching and farmyard manure in coarse textured soils

of NW India. Soil Use Manage. 10: 15-20.

Gao, Y.J., Li, Y., Zhang, J. C., Liu, W. G., Dang, Z. P., Cao, W. X., and Qiang, Q.
2009. Effects of mulch, N fertilizer, and plant density on wheat yield, wheat
nitrogen uptake, and residual soil nitrate in a dryland area of China. Nutr.

Cycl. Agroecosyst. 85: 109-121.

Gardner, W. R. 1955. Calculation of Capillary Conductivity from Pressure Plate
Outflow Data. Soil Sci. Soc. Am. J. 20(3): 317-320.

Gehring, J. M. and Lewis, A. J. 1980. Effect of hydrogel on wilting and moisture
stress of bedding plants. J. Am. Soc. Hortic. Sci. 105: 511-513.

Gifford, R. M., Thorne, J. H., Witz, W. D., and Giaquinta, R. T. 1984. Crop
productivity and photo assimilate partitioning. Sci. 225: 801-808.

Gill, K. S., Gajri, P. R., Chaudhary, M. R., and Singh, B. 1996. Tillage, mulch and
irrigation effects on corn (Zea mays L.) in relation to evaporative demand.

Soil Tillage Res. 39: 213-227.

Glab, T. and Kulig, B. 2008. Effect of mulch and tillage system on soil porosity
under wheat (Triticum aestivum). Soil Tillage Res. 99: 169-178.

Gornall, J., Betts, R., Burke, E., Clark, R., Camp, J., Willett, K., and Wiltshire, A.
2010. Implications of climate change for agricultural productivity in the

early twenty-first century. Philos. Trans. R. Soc. Biol. Sci. 365: 2973-2989.



104

Govaerts, B., Sayre, K. D., and Deckers, J. 2006. A minimum data set for soil
quality assessment of wheat and maize cropping in the highlands of Mexico.
Soil Tillage Res. 87: 163-174.

Gunes, A., Kitir, N., Turan, M., Elkoa, E., Yildirim, E., and Avci, N. 2016.
Evaluation of effects of water-saving superabsorbent polymer on corn (Zea
mays L.) yield and phosphorus fertilizer efficiency. Turkish J. Agric. For.
40: 365-378.

Gupta, N., Yadav, S., Humphreys, E., Kukal, S. S., Singh, B., and Eberbach, P. L.
2016. Effects of tillage and mulch on the growth, yield and irrigation water
productivity of a dry seeded rice-wheat cropping system in North West
India. Field Crops Res. 196: 219-236.

Han, Y. G, Yang, P. L., Luo, Y. P., Ren, S. M., Zhang, L. X., and Xu, L. 2010.
Porosity change model for watered super absorbent polymer- treated soil.

Environ. Earth Sci. 61: 1197-1205.

Hembry J. K. and Davies J. S. 1994. Using mulches for weed control and preventing
leaching of nitrogen fertilizer. Acta Hort. 371: 311-316.

Huang, M. X., Liang, T., Wang, L. Q., and Zhou, C. H. 2015. No-tillage and
fertilization management on crop yields and nitrate leaching in North China

plain. Ecol. Evol. 5: 1143-1155.

International Union of Pure and Applied Chemistry, 2004. Definitions of terms
relating to reactions of polymers and to functional polymeric materials
(IUPAC Recommendations 2003). Pure Appl. Chem. 76(4): 889-906.

Islam, M. R., Zeng, Z., Mao, J., Eneji, A. E., Xue, X., and Hu, Y. 2011. Feasibility
of summer corn (Zea mays L.) production in drought affected areas of
Northern China using water-saving superabsorbent polymer. Plant Soil
Environ. 57(6): 279-285.

)



105

Jackson, M. L. 1958. Soil chemical analysis (Indian Reprint, 1967). Prentice Hall
of India, New Delhi, 498p.

Jackson, M. L. 1973. Soil chemical analysis (2" Ed.). Prentice Hall of India, New
Delhi, 498p.

Ji, S. and Unger, P.W. 2001. Soil water accumulation under different precipitation,
potential evaporation and straw mulch conditions. Soil Sci. Soc. Am. J. 65:
442- 448.

Johnson, M. S. and Veltkamp, C. J. 1985. Structure and functioning of water storing
agricultural polyacrylamides. J. Sci. Food Agric. 36: 789-793.

Kahlon, M. S., Lal, R., and Ann-Varughese, M. 2013. Twenty-two years of tillage
and mulching impacts on soil physical characteristics and carbon

sequestration in Central Ohio. Soil Tillage Res. 126: 151-158.

Kalhapure, A., Kumar, R., Singh, V. P., and Pandey, D. S. 2016. Hydrogels: A boon
for increasing agricultural productivity in water-stressed environment.

Curr. Sci. 111: 1-7.

Kang, S. Z., Hao, X. M., Du, T. S, Tong, L., Su, X. L., Lu, H. N., Li, X. L., Huo,
Z.L.,Li, S., and Ding, R. S.2017. Improving agricultural water productivity
to ensure food security in China under changing environment from research

to practice. Agric. Water Manag. 179: 5-17.

Karlen, D. L., Sadler, E. J., and Camp, C. R. 1987. Dry matter nitrogen, phosphorus
and potassium accumulation rate by corn on Norfolk loamy sand. Agron. J.
79: 649-656.

Kasirajan, S. and Ngouajio, M. 2012. Polyethylene and biodegradable mulches for

Agricultural applications: a review. Agron. Sustain. Dev. 32: 501-529.



106

KAU (Kerala Agricultural University) 2016. Package of practices
Recommendations: Crops (15" Ed.). Kerala Agricultural University,
Thrissur, 392p.

Keshavarz, L., Farahbaksh, H., and Golkar, P. 2012. The effects of drought stress
and super absorbent polymer on morpho physiological traits of pearl millet

(Pennisetum glaucum). Int. Res. J. Appl. Basic Sci. 3: 148-154.

Khan, M. A. H. and Parvej, M. R. 2010. Impact of conservation tillage under
organic mulches on the reproductive efficacy and yield of Quality Protein
Maize. J. Agric. Sci. 5(2): 52-63.

Khan, M. J., Monke, E. J., and Foster, G. R. 1988. Mulch cover and canopy effect
on soil loss. Trans. Am. Soc. Agric. Eng. 13: 706-771.

Khurshid, K., Igbal, M., Arif, M. S., and Nawaz, A. 2006. Effect of tillage and
mulch on soil physical properties and growth of maize. Int. J. Agric. Biol.
8(5): 593-596.

Kiboi, M. N., Ngetich, K. F., Diels, J., Mucheru-Muna, M., Mugwe, J., and
Mugendi, D. N. 2017. Minimum tillage, tied ridging and mulching for better
maize yield and yield stability in the Central Highlands of Kenya. Soil
Tillage Res. 170: 157-166.

Koupai, J. A., Eslamian, A. A., and Kazemi, J. A. 2008. Enhancing the available
water content in unsaturated soil zone using hydrogel, to improve plant

growth indices. Ecohydrol. hydrobiol. 8(1): 67-75.

Kramer, P. J. 1969. Plant and soil water relationship. A modern synthesis (8" Ed.).
Tata McGraw Hill Publishing Company Ltd., New Delhi, 482 p.

Kramer, P. J. 1988. Measurement of plant water status: Historical perspectives and

current concerns. Irrig. Sci. 9: 275-287.

L

el



107

Kumari, S., Solanki, N. S., Dashora, L. N., and Upadhyay, B. 2017. Effect of super
absorbent polymer and plant geometry on growth and productivity of maize

(Zea mays L.). J. Pharmacognosy Phytochemistry 6(4): 179-181.

Lal, R. 1974. Soil temperature, soil moisture and maize yield from mulched and un

mulched tropical soils. Plant Soil 40: 129-143.

Lal, R. 1998. Soil erosion impact on agronomic productivity and environmental

quality. Crit. Rev. Plant Sci. 17: 319-364.

Lenka, S., Singh, A. K., and Lenka, N. K. 2013. Soil water and nitrogen interaction
effect on residual soil nitrate and crop nitrogen recovery under maize-wheat
cropping system in the semi-arid region of northern India. Agric. Ecosyst.

Environ. 179: 108-115.

Leuning, R., Condon, A. G., Dunin, F. X., Zegelin, S., and Denmead, O. T. 1994.
Rainfall interception and evaporation from soil below a wheat canopy.

Agric. For. Meteorol. 67: 221-238.

Li, F. R., Cook, S., Geballe, G. T., and Burch, W. R. 2000. Rainwater harvesting
agriculture: An integrated system for water management on rainfed land in

China’s semiarid areas. Ambio 29(8): 477-483.

Li, Q. Q., Chen, Y. H., Liu, M. Y., Zhou, X. B., Yu, S. L., and Dong, B. D. 2008.
Effects of irrigation and straw mulching on microclimate characteristics and
water use efficiency of winter wheat in North China. Plant Prod. Sci. 11(2):
161-170.

Li, R., Hou, X., Jia, Z., Han, Q., Ren, X., and Yang, B. 2013. Effects on soil
temperature, moisture, and maize yield of cultivation with ridge and furrow
mulching in the rainfed area of the loess plateau, China. Agric. Water
Manag. 116: 101-109.



108

Li, S. X., Wang, Z. H., Li, S. Q., and Gao, Y.J. 2015. Effect of nitrogen fertilization
under plastic mulched and non-plastic mulched conditions on water use by

maize plants in dryland areas of China. Agric. Water Manag. 162: 15-32.

Li, S. Z., Wang, Y., Fan, T. L., Wang, L. M., Zhao, G., Tang, X. M., Dang, Y.,
Wang, G. L., and Zhang, J. J. 2010. Effects of different plastic film
mulching modes on soil moisture, temperature and yield of dryland maize.

Sci. Agric. Sin. 43: 922-931.

Li, X., Hea, J. Z., Hughesc, J. M., Liua, Y. R., and Zhenga, Y. M. 2014, Effects of
super-absorbent polymers on a soil-wheat (7riticum aestivum L..) system in
the field. Appl. Soil Ecol. 73: 58-63.

Lin, Y., Zeng, Z., Ren, C., and Yuegao, H. U. 2012. Water use efficiency and
physiological responses of oat under alternate partial root zone irrigation in

the semiarid areas of Northeast China. Proc. Eng. 28: 33-42.

Liu, C. A, Zhou, L. M., Jia, J.J., Wang, L. J., Si, J. T., Li, X., Pan, C. C., Siddique,
K. H. M, and Li, F. M. 2014. Maize yield and water balance is affected by
nitrogen application in a film-mulching ridge-furrow system in a semiarid

region of China. Eur. J. Agron. 52: 103-111.

Liu, Y., Li, S. Q., Chen, F., Yang, S. J., and Chen, X. P. 2010. Soil water dynamics
and water use efficiency in spring maize (Zea mays L.) fields subjected to
different water management practices on the loess plateau, China. Agric.

Water Manag. 97: 769-775.

Liu, Z., Wang, G., Liu, H. Y., Lei, L., and Wu, Y. 2000. The effect of different
mulching methods with whole maize straw in dryland on maize yield.

Shanxi Agric. Sci. 28: 20-22.

Ma, C.J., Bian, C. Y., Liu, X. H., Yan, Z. X., Gao, C., Ren, Y. J., Liu, Q.R., Li, Q.
Q., and Han, H. F. 2017. Effects of straw mulching on dry matter



109

distribution and grain yield of summer maize. J. Anim. Plant Sci. 27(2): 457-
467.

Ma, S. Q., Wang, Q., Lu, H. Q., Xu, L. P., Yu, H., and Zhang, T. L. 2012. Impact
of water and temperature on spring maize emergence speed and emergence

rate. Acta Ecol. Sin. 11: 3378-3385.

Magalhaes, J. R., Wilcox, G. E., Rodriguez, F. C., Silva, F. L. I. M., and Ferreira,
R. A. N. 1987. Plant growth and nutrient uptake in hydrophilic gel treated
soil. Commun. Soil Sci. Plant Anal. 18: 1469—-1478.

Mandal, U. K., Sharma, K. L., Venkanna, K., Korwar, G. R., Reddy, K. S.,
Pushpanjali, N. N., Reddy, G., Venkatesh, R. N., and Yadaiah, P. 2015.
Evaluating hydrogel application on soil water availability and crop
productivity in semiarid tropical red soil. Indian J. Dryland Agric. Res. Dev.
30(2): 01-10.

Mao, S., Islam, R. M., Xue, X., Yang, X., Zhao, X., and Hu, Y. 2011. Evaluation
of a water saving superabsorbent polymer for corn (Zea mays L.) production
in arid regions of Northern China. Afr. J. Agric. Res. 6(17): 4108-4115.

Mazen, A. M., Radwanab, D. E. M., and Ahmedac, A. F. 2015. Growth responses
of maize plants cultivated in sandy soil amended by different

superabsorbant hydrogels. J. Plant Nutr. 38: 325-337.

Mbagwu, J. S. C. 1989. Influence of organic amendment on some physical

properties of tropical ultisol. Biol. Waste 27: 1-133.

Mbagwu, J. S. C. 1990. Mulch and tillage effects on water transmission
characteristics of ultisol and maize grain yield in S. E. Nigeria. Pedologic.
40(2): 155-168.



110

Meena, M. K., Nawalagatti, C. M., and Chetti, M. B. 2011. Efficacy of liquasorb
on morphological characters and yield components in tomato. /nt. J. Plant
Sei. 6(2): 307-312.

Mehan, S. and Singh, K. G. 2015. Use of mulches in soil moisture conservation: a

review. Best Manage. Pract. Drip Irrig. Crops 2(24): 283-287.

Mikkelsen, R. L., Behel, A. D., and Williams, H. M. 1993. Addition of gel forming
hydrophilic polymers to nitrogen fertilizer solutions. Fertil. Res. 36: 55-61.

Moore, M. J., Gillespie, T. J., and Swanton, C. J. 1994. Effect of cover crop mulches
on weed emergence, weed biomass, and soybean (Glycine max)

development. Weed Technol. 8: 512-518.

Mukherjee, D., Mitra, S., and Das, A. C. 1991. Effect of organic matter cakes on
changes in carbon, nitrogen and microbial population in soil. J. Indian Soc.

Soil Sci. 39: 121-126.

Mulumba, L. N. and Lal, R. 2008. Mulching effects on selected soil physical
properties. Soil Tillage Res. 98: 106-111.

Mupangwa, W., Twomlow, S., and Walker, S. 2013. Cumulative effects of reduced
tillage and mulching on soil properties under semi-arid conditions. J. Arid

Environ. 91: 45-52.

Narjary, B., Aggarwal, P., Singh A., Chakraborty, D., and Singh, R. 2012. Water
availability in different soils in relation to hydrogel application. Geoderma

187-188: 94-101.

Narjary, B., Agarwal, P., Singh, A., and Chakrabothy, D. 2015. Effects of
amendments and hydrogel application on water retention, water release
pattern, growth and yield performance of soybean-wheat cropping system.

Curr. Adv. Agric. Sci. 7(1): 16-23.



111

Nazarli, H., Zardashti, M. R., Darvishzadeh, R., and Najafi, S. 2010. The effect of
water stress and polymer on water use efficiency, yield and several
morphological traits of sunflower under greenhouse condition. Nat. Sci.

Biol. 2: 53-58.

Nill, D. and Nill, E. 1993. The efficient use of mulch layers to reduce runoff and
soil loss. In: Mulongoy, K. and Merckx, R. (Ed.), Soil organic matter
dynamics and sustainability of tropical Agriculture. John Wiley and Sons,

Chichester, pp. 331-339.

Ning, P., Li, S., Yu, P, Zhang, Y., and Li, C. J. 2013. Post silking accumulation
and partitioning of dry matter, nitrogen, phosphorus and potassium in maize

varieties differing in leaf longevity. Field Crop. Res. 144: 19-27.

Njoku, C., Uguru, B. N., and Mbah, C. N. 2015. Effect of rice husk dust on selected
soil chemical properties and maize grain yield in Abakaliki, South Eastern
Nigeria. Appl. Sci. Rep. 12(3): 143-149.

Novak, M. D., Chen, W., and Hares, M. A. 2000. Simulating the radiation
distribution within a barley-straw mulch. Agric. For. Meteorol. 102: 173-
186.

Orzolek, M. D. 1993. Use of hydrophilic polymers in horticulture. Hortic. Technol.
3: 106-109.

Piper. 1966. Aging of crystalline precipitates. Analyst 77: 1000-1011.

Rajput, B. S., Maurya, S. K., Singh, R. N., Sen, A., and Singh, R. K. 2014. Effect
of different types of mulch on maize under guava (Psidium guajava) based

Agri-Horti system. Online Int. Interdisciplinary Res. J. 4(3): 122-130.

Rangaswamy, R. 1995. 4 text book of agricultural statistics (2™ Ed.). New Age
International (P) Limited Publishers, New Delhi, 358p.



112

Rehman, A., Ahmad, R., and Safdar, M. 2011. Effect of hydrogel on the
performance of aerobic rice sown under different techniques. Plant Soil

Environ. 57(7): 321-325.

Reynolds, S. G. 1970. The gravimetric method of soil moisture determination part
I a study of equipment and methodological problems. J. Hydrol. 11: 258-
273.

Rigas, F., Sachini, E., Chatzoudis, G., and Kanellopoulos, N. 1999. Effects of a
polymeric soil conditioner on the early growth of sunflowers. Can. J. Soil

Sei. 79: 225-231.

Robinson, G. W. 1922. A new method for the mechanical analysis of soils and other

dispersions. J. Agric. Sci. 12: 306-321.

Roldan, A., Carabaca, F., Elernandez, M. L., Garcia, C., Sanchez-Brito, C.,
Velasquez, M., and Tiscareno, M. 2003. No-tillage, crop residue additions
and legume cover cropping effects on soil quality characteristics under

maize in Patzcuaro watershed (Mexico). Soil Tillage Res. 72: 65-73.

Sandhu, B. S., Singh, B., Singh, B., and Khera, K. L. 1986. Maize response to
intermittent submergence, straw mulching and supplemental N-fertilization

in subtropical region. Plant Soil 96: 45-56.

Sarkar, S. 2005. Evapotranspiration and yield response of wheat to irrigation

frequencies and fertilizer levels. J. Indian Soc. Soil Sci. 53: 54-59.

Schonfeld, M. A., Johnson, R. C., Carver, B. F., and Mornhinweg, D. W. 1988.
Water relations in winter wheat as drought resistance indicator. Crop Sci.

28: 526-531.

Scopel, E., Macena, F., Corbeels, M., Affholder, F., and Maraux, F. 2004.
Modelling crop residue mulching effects on water use and production of

maize under semi-arid and humid tropical conditions. Agron. 24: 1-13.

-

| >4



113

Sendur, K. S., Natarajan, S., Muthvel, 1., and Sathiayamurthy, V. A. 2001. Efficacy
of graded doses of polymers on processing quality of tomato cv. CO-3. J.
Madras Agric. 88 (4-6): 298-299.

Shahid, B. D. and Ram, H. 2016. Grain yield, nutrient uptake and water-use
efficiency of wheat (Triticum aestivum) under different moisture regimes,

nutrient and hydrogel levels. Indian J. Agron. 61(1): 101-104.

Sharma, P., Abrol, V., and Sharma, R. K. 2011. Impact of tillage and mulch
management on economics, energy requirement and crop performance in

maize—wheat rotation in rainfed sub-humid inceptisols, India. Eur. J. Agron.

34(1): 46-51.

Shekour, G. M., Brathwaite, R. A. 1., and McDavid, C. R. 1987. Dry season sweet
corn response to mulching and anti-transpirants. Agron. J. 79(4): 529-531.

Shen, J. Y., Zhao, D. D., Han, H. F., Zhou, X. B., and Li, Q. Q. 2012. Effects of
straw mulching on water consumption characteristics and yield of different

types of summer maize plants. Plant Soil Environ. 58: 161-166.

Silberbush, M., Adar, E., and De-malach, Y. 1993. Use of a hydrophilic polymer to
improve water storage and availability to crops grown in sand dunes. I. Corn

irrigated by trickling. Agric. Water Manag. 23: 303-313.

Singh, B., Eberbacha, P. L., Humphreysb, E., and Kukalc, S. S. 2011. The effect of
rice straw mulch on evapotranspiration, transpiration and soil evaporation

of irrigated wheat in Punjab, India. Agric. Water Manag. 98: 1847-1855.

Singh, B., Humphreys, E., Gaydon, D. S., and Eberbach, P. L. 2016. Evaluation of
the effects of mulch on optimum sowing date and irrigation management of
zero till wheat in Central Punjab, India using APSIM. Field Crops Res. 197:
83-96.

%)

\r 1



114

Singh, H. 2012. Effect of hydrogel on growth, yield and water use efficiency in
pearl millet (Pennisetum glaucum) production. Forage Res. 38(1): 27-28.

Singh, K. B., Jalota, S. K., and Gupta, R. K. 2015. Soil water balance and response
of spring maize (Zea mays) to mulching and differential irrigation in Punjab.

Indian J. Agron. 60(2): 279-284.

Sinkeviciene, A., Jodaugiene, D., Pupaliene, R., and Urboniene, M. 2009. The
influence of organic mulches on soil properties and crop yield. Agron. Res.
7:485-491.

Sivapalan, S. 2006. Benefits of treating a sandy soil with a cross linked type
polyacrylamide. Aust. J. Exp. Agric. 46: 579-584.

Slatyer, R. O. and Barrs, H. D. 1965. Methodology of plant Eco physiology. United

Nations Educational Scientific and Cultural Organization, Rome, 468p.

Smart, J. R. and Bradford, J. M. 1999. Conservation tillage corn production for a

semi-arid, subtropical environment. Agron. J. 91: 116-121.

Smeda, R. J. and Weller, S. C. 1996. Potential of rye (Secale cereale) for weed
management in transplant tomatoes (Lycopersicon esculentum). Weed Sci.
44(3): 596-602.

Smets, T., Poesen, J., and Knapen, A. 2008. Spatial scale effects on the
effectiveness of organic mulches in reducing soil erosion by water. Earth
Sci. Rev. 89: 1-12.

Stagnari, F., Galieni, A., Speca, S., Cafiero, G., and Pisante, M. 2014. Effects of
straw mulch on growth and yield of durum wheat during transition to
conservation agriculture in Mediterranean environment. Field Crops Res.

167: 51-63.

Subbiah, B. V. and Asija, G. L. A. 1956. A rapid procedure for the estimation of
available nitrogen in soil. Curr. Sci. 32: 325-327.

134



115

Szczepanek, M. and Wilczewski, E. 2016. Maize response to soil applied humic
substances and foliar fertilization with potassium. J. Anim. Plant Sci. 26(5):
1298-1303.

Tavakkoli, A. R. and Oweis, T. Y. 2004. The role of supplemental irrigation and
nitrogen in producing bread wheat in the highlands of Iran. Agric. Water
Manag. 65: 225-236.

Tilander, Y. 1993. Effects of mulching with Azadirachta indica and Albizia lebbeck
leaves on the yield of sorghum under semi-arid conditions in Burkina Faso.

Agrofor. Syst. 34(3): 277-293.

Tolk, J. A., Howell, T. A., and Evett, S. R. 1999. Effect of mulch, irrigation and
soil type on water use and yield of maize. Soil Tillage Res. 50: 137-147.

Uguru, B. N, Mbah, C. N., and Njoku, C. 2015. Effect of rice husk dust on selected
soil physical properties and maize grain yield in Abakaliki, South Eastern
Nigeria. Glob. Adv. Res. J. Agric. Sci. 4(12): 878-886.

Unger, P. W. 1976. Surface residue, water application, and soil texture effects on

water accumulation. Soil Sci. Soc. Am. J. 40: 298-300.

Unger, P. W. and Jones, O. R. 1981. Effect of soil water content and a growing
season straw mulch on grain sorghum. Soil Sci. Soc. Am. J. 45(1): 129-134.

Unger, P. W. 1986. Wheat residue management effects on soil water storage and

corn production. Soil Sci. Soc. Am. J. 50: 764-770.

Uwah, D. F. and Iwo, G. A. 2011. Effectiveness of organic mulch on the
productivity of maize (Zea mays L.) and weed growth. J. Anim. Plant Sci.
21(3): 525-530.

Uz, B. Y., Sabit, E., Demiray, E. and Erta, E. 2008. Analysing the soil texture effect
on promoting water holding capacity by polyacrylamide. In: International

Meeting On “Soil Fertility Land Management and Agroclimatology’, 2008,

W



116

Turkey [On-line]. Available: http://adudspace. adu. edu. tr: 8080/jspui/
bitstream /11607/2647/1 /024.pdf [17 Feb 2018].

Verger, A., Vigneau, N., Cheron, C., Gilliot, J., Comar, A., and Baret, F. 2014.
Green area index from an unmanned aerial system over wheat and rapeseed

crops. Remote Sens. Environ. 152: 654-664.

Verhulst, N., Sayre, K. D., Vargas, M., Crossa, J., Deckers, J., Raes, D., and
Govaerts, B. 2011. Wheat yield and tillage-straw management system and
year interaction explained by climatic co-variables for an irrigated bed

planting system in North Western Mexico. Field Crops Res. 124: 347-356.

Volkamar, K. M. and Chang, C. 1995. Influence of hydrophilic gel polymers on
water relations, growth and yield of barley and canola. Can. J. Plant Sci. 75:
605-611.

Walkley, A. J. and Black, I. A. 1934. Estimation of soil organic carbon by chromic
acid and titration method. Soil Sci. 31: 21-38.

Wallace, A. and Wallace, G. A. 1986. Effects of polymeric soil conditioners on
emergence of tomato seedlings. Soil Sci. 141: 321-323.

Wallace, J. S. 2000. Increasing agricultural water use efficiency to meet future food

production. Agric. Ecosyst. Environ. 82: 105-110.

Wang, T., Wei, L., Wang, H., Ma, B. L., and Ma, S. 2011. Responses of rainwater
conservation, precipitation use efficiency and grain yield of summer maize
to a furrow planting and straw mulching system in Northern China. Field
Crops Res. 124: 223-230.

Wang, X. B., Wu, H. J,, Dai, K., Zhang, D. C., Feng, Z. H., Zhao, Q. S., Wu, X. P.,
Jin, K., Cai, D. X., Oenema, O., and Hoogmoed, W. B. 2012. Tillage and
crop residue effects on rainfed wheat and maize production in Northern
China. Field Crops Res. 132: 106-116.



117

Wang, X.J., Jia, Z. K., and Liang, L. Y. 2015. Effect of straw incorporation on the
temporal variations of water characteristics, water use efficiency and maize

biomass production in semi-arid China. Soil Tillage Res. 153: 36-41.

Watson, D. J. 1952. The physiological basis of variation in yield. Adv. Agron. 4:
101-145.

Weatherley, P. E. 1950. Studies in the water relations of the cotton plant. I. The

field measurements of water deficits in leaves. New Phytol. 49: 81-97.

Wicks, G. A., Crutchfield, D. A., and Burnside, O. C. 1994. Influence of wheat
(Triticum aestivum) straw mulch and metolachlor on corn (Zea mays L.)

growth and yield. Weed Sci. 42: 141-147.

Woodhouse, J. and Johnson, M. S. 1991. Effect of superabsorbent polymers on
survival and growth of crop seedlings. Agril. Water Manag. 20: 63-70.

Xu, X. Y., Zhang, Y. M., Xang, H., Hu, J. S., Zhou, X. M., Yu, F. X., and Wang,
F. P. 1988. Effects of straw mulch and reduced tillage on soil fertility and
crop yields. J. Soil Sci. 19(2): 86-88.

Yan, Z., Gao, C., Ren, Y., Zong, R., Ma, Y., and Li, Q. 2017. Effects of pre-sowing
irrigation and straw mulching on the grain yield and water use efficiency of

summer maize in the North China plain. Agric. Water Manag. 186: 21-28.

Yangyuoru, M., Boateng, E., Adiku, S. G. K., Acquah, D., Adjadeh, T. A., and
Mawunya, F. 2006. Effects of natural and synthetic soil conditioners on soil

moisture retention and maize yield. J. Appl. Ecol. 9: 1-8.

Yazdani, F., Allahdadi, 1., and Akbari, G. A. 2007. Impact of superabsorbent
polymer on yield and growth analysis of soybean (Glycine max L.) under
drought stress condition. Pakist. J. Biol. Sci. 10: 4190-4196.

Yin, W., Feng, F., Zhao, C., Yu, A., Hu, F., Chai, Q., Gan, Y., and Guo, Y. 2016.

Integrated double mulching practices optimizes soil temperature and



118

improves soil water utilization in arid environments. Int. .J. Biometeorol.

60(9): 1423-1437.

Yin, W., Chen, G., Feng, F., Guo, Y., Hu, F., Zhao, C., Yu, A., and Chai, Q. 2017.
Straw retention combined with plastic mulching improves compensation of

intercropped maize in arid environment. Field Crops Res. 204: 42-51.

Yunusa, I. A. M., Belford, R. K., Tennant, D., and Sedgley, R. H. 1993. Row
spacing fails to modify soil evaporation and grain yield in spring wheat in a

dry Mediterranean environment. Aust. J. Agric. Res. 44: 661-676.

Zamir, M. S. I, Javeed, H. M. R., Ahmed, W., Ahmed, A. U. H., Sarwar, N.,
Shehzad, M., Sarwar, M. A., and Igbal, S. 2013. Effect of tillage and organic
mulches on growth, yield and quality of autumn planted maize (Zea mays
L.) and soil physical properties. Cercetari Agronomice in Moldova 46(2):
17-26.

Zhang, W. B. H., Liu, B. Y. W,, and Song, J. 2005. Effects of super absorbent
polymers on the physical and chemical properties of soil following different

wetting and drying cycles. Soil Use Manag. 26: 253-260.

Zhang, X., Qian, Y., and Cao, C. 2015. Effects of straw mulching on maize
photosynthetic characteristics and rhizosphere soil micro-ecological
environment. Chilean J. Agric. Res. 75(4): 481-487.

Zhao, H., Wang, R. Y., Ma, B. L., Xiong, Y. C., Qiang, S. C., and Wang, C. L.
2014. Ridge-furrow with full plastic film mulching improves water use
efficiency and tuber yields of potato in a semiarid rainfed ecosystem. Field
Crop Res. 161: 137-148.

Zhao, J. F., Guo, J. P., and Mu, J. 2015. Exploring the relationships between
climatic variables and climate-induced yield of spring maize in Northeast
China. Agr. Ecosyst. Environ. 207: 79-90.



APPENDIX



ISP 000 6v°6 v1°SL 0512 6T°TE (¥ e - 92 924) 6
9Ty 000 1S°6 v9°9L 0S°12 Y0 TE (ST-6192) 8
v6'€ 000 618 9€'9L v1°2C €p'1¢g (81-21924) L
€6'¢ 000 00°L 9€'GL v9°'1T LS'1€ (11-5929) 9
16°€ 000 €6 €6'SL €6'81 €6°0€ (y 924 - 67 uBp) S
€6'¢ 000 vS'L 98°LL 0€'1¢ £9°0€ (82 -Tz ue() ¢
e 000 vT'8 009L 9¢°61 6€°1€ (1z-¢g1uep) ¢
Iv'¢ 00°0 96°L €V'SL 19°0T LO'TE (p1-8uep)g
v9°€ 000 96'8 1L°LL 0061 91'1¢ (L-1uep)
95°¢ 0070 L6 18°1L SLLI 69°1¢€ (1€ -$223@) ¢
09°¢ 000 ¥8'6 17°TL el v1°ZE (€2-L122Q) 1§
16T 00°0 L'V 9¢°18 98°12 06°0€ (91 - 01 22Q)0S
vS'€ 00'6 97T 62°C8 98'12 6T 1€ (6 - €93Q) 6v
v0°¢ 0S°12 LYl v1°6L 0t 1T €€°TE (950 - 9T AON) 8%
66'C 000 €1'T 0S°6L 9€°2T €5°1€ (ST-61 AON) L¥
0b'€ 000 €8'1 17°8L LS0T 6T 1€ (81 - 21 AON) 9%
6v'€ 000 €0°C 98°08 96°1¢ A (11 -6 A0N) Sp
(wur) (ww) (sinoy) (%) wnwiuip WINWIXBA Yoam plepue)s
uonelodeAy | [rejurey Ssd Ayipruny aAne[ay (Do) 2ameradwa ]

$39A paepue)s ul porrad doud oy Surinp siajowered Jayjeapy 1 xipuaddy

Jy



ABSTRACT



EFFECT OF HYDROGEL AND MULCHING ON MAIZE
(Zea mays L.) IN SANDY SOIL

by
RAJAP SHIVA KUMAR
(2016-11-123)

ABSTARCT
Submitted in partial fulfilment of the

requirement for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture

Kerala Agricultural University

DEPARTMENT OF AGRONOMY
COLLEGE OF AGRICULTURE
PADANNAKKAD, KASARAGOD - 671314
KERALA, INDIA
2018

4l



ABSTRACT

An investigation entitled “Effect of hydrogel and mulching on maize (Zea mays
L.) in sandy soil” was carried out at College of Agriculture, Padannakkad during 2016-
2018 to study the effect of hydrogel (super absorbent polymer) and mulching on soil
moisture status, growth and yield of maize in sandy soil. The experiment was laid out
in factorial randomized block design with three replications. The treatment
combinations included three levels of hydrogel viz. Hi — 1.25 kg ha™!, H» — 2.5 kg ha,
H3 —3.75 kg ha! and three types of mulch viz. M — rice straw (5 t ha'), M2 —rice husk
(5 t ha™'), M3 — coirpith compost (2.5 t ha'') and one control (KAU Package of Practices
recommendations). Observations were recorded on growth and growth attributes, yield

and yield attributes, plant analysis, soil analysis and economics.

Hydrogel @ 2.5 kg ha™! and rice straw mulch @ 5 t ha™! recorded maximum plant
height, dry matter production and root volume of maize whereas maximum leaf area and

LAI were observed in hydrogel @ 3.75 kg ha™! and rice straw mulch @ 5 t ha™'.

The yield and yield parameters such as cob, grain and stover yield were found
to be higher in treatments receiving hydrogel @ 2.5 kg ha' and rice straw mulch @ 5
t ha'! than other levels of hydrogel and types of mulch.

The response of hydrogel @ 2.5 kg ha™! and rice straw mulch @ 5 t ha'! was
significantly superior over other treatments with respect to total N and P uptake. While
total K uptake recorded was maximum in the case of hydrogel @ 3.75 kg ha™! and rice

straw mulch @ 5 t ha™.

The major beneficial effect of hydrogel was in enhancing and maintaining soil
moisture status of coarse textured sandy soil at 15 and 30 cm depth. The treatment
receiving hydrogel @ 3.75 kg ha™! and rice straw mulch @ 5 t ha! recorded maximum
soil moisture retention. The maximum porosity was recorded in the case of hydrogel @

3.75 kg ha! and coirpith compost mulch @ 2.5 t ha™'.

The residual nutrient status with respect to available N and KO recorded

maximum values in hydrogel @ 1.25 kg ha' and rice husk mulch @ 5 t ha' and
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available P>Os was maximum with hydrogel @ 3.75 kg ha' and rice husk mulch @ 5
t ha™,

Considering the economics of maize crop production, the gross and net income
obtained were maximum in hydrogel @ 2.5 kg ha™! and rice straw mulch @ 5 t ha™'.
However, BCR was found to be maximum in treatment with hydrogel @ 2.5 kg ha' and
rice husk mulch @ 5 t ha™’.

The maize growth and yield were significantly improved by the application of
hydrogel and different mulches. Hydrogel @ 2.5 kg ha™ in combination with rice straw
mulch @ 5 t ha”' was most efficient and economical compared to other combinations

and can be recommended for maize cultivation in sandy soils of Kerala.
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