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MORPHO-PHYSIOLOGICAL AND BIOCHEMICAL
RESPONSES, FODDER YIELD AND QUALITY OF
NAPIER GRASS UNDER WATER STRESS

ABSTRACT

Napier grass (Pennisetum purpureum Schumach) is grown in tropical and temperate
regions well adopted as a fodder crop because of its high forage productivity and rapid
regeneration. It is considered as drought tolerant and shows high water use efficiency.
This experiment was done in the shed house of Sher-e-Bangla Agricultural University
during the period of April-July, 2021. The study was to investigate the water stress-
induced morphological, physiological and oxidative damages in napier grass and to
differentiate between the responses of napier grass to drought and waterlogging
conditions. Napier grass was grown for up to 21 days and then exposed to water stress:
viz. drought and waterlogging for different durations (7, 14 and 21 days) and also there
was maintained control condition. After each stress period, morphological,
physiological, and biochemical data were measured following standard procedures. At
50 days after sowing the same parameters were recorded for all treatments and
considered as recover data. Plant height, SPAD value, fresh weight, dry weight, relative
water content, and fodder yield decreased under both waterlogging and drought stress
conditions compared to control. The reduction was higher under drought conditions
than in waterlogging. Root length, root shoot ratio, proline, malondialdehyde (MDA)
and H20. content were higher under stress conditions compared to control. Drought-
stressed plants were more severely affected than waterlogged one. At 50 days after
sowing, plant height, shoot fresh weight, shoot dry weight and fodder yield were
decreased in plants stressed for longer periods. Root fresh weight, root dry weight, root
length and root branch were decreased in plants stressed for 21 days, whereas increased
under waterlogging. Proline, MDA and H2O. content were increased upon exposure to
the long duration of stress. Quality parameters such as neutral detergent fibre and acid
detergent fibre has been reduced under both stress condition but in case of drought, the
reduction was significant. Dry matter, crude fibre, moisture content, hemicellulose and
organic matter percentage were reduced under drought and waterlogging stress and
whereas crude protein and ash content increased with increase of stress duration. As
plants water stressed for 7 days got the highest days for recovery, so it showed better
performance and even better than control. Our experiment concludes that napier grass
is more sensitive to drought than waterlogging in case of morphology and plants also
recovered more efficiently in case of waterlogging than drought. In case of oxidative
damage, drought-exposed plants showed more tolerant capacity compared to
waterlogged plants.
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CHAPTER1

INTRODUCTION

In this post-industrial area, fossil fuels burning and an increase in the amount of
damaging greenhouse gases (GHGS) in the atmosphere are the major causes of climate
change. The industrial revolution is considered as main reason of the world's climate
change (Dutta et al., 2020). Variations in temperature, rainfall, and air conditions due
to climate change have exposed plants to extreme and severe climatic conditions that
have an adverse influence on plant morphological, developmental, cellular, and

molecular processes (Raza et al., 2019).

The world population is expected to 11.2 billion people by 2100, according to the
United Nations (2019). But agricultural areas won't be able to produce at the same rate.
In addition, 83 million individuals are added to the world's population each year (UN,
2019). The only way to feed the one in nine people who are already hungry in the globe
is to sustainably double food production (OECD/FAQ, 2019). By 2050, the amount of
food needed will have to increase by 70% to meet the challenge of a growing population
(Hasanuzzaman et al., 2018a). Bangladesh, an agricultural nation, is struggling to adapt
to climate change and feed an expanding population to attain food and feed security
(Islam et al., 2017).

Abiotic stress has become more prevalent and has a greater negative impact on plants
due to climate change, as seen throughout a large geographic area. According to FAO
(2019), 96.5% of the world's agriculture area is subjected to some sort of stress. Due to
abiotic stresses which include heat shock, chilling/freezing, water shortage,
waterlogging, salt, nutritional imbalance, heavy metals, and xenobiotic stress, 50% of
production loss is occurred (Saini et al., 2018). Water stress can be two types, viz.
drought/water deficit and waterlogging/flooding. Extremes of drought and flooding are

encouraged by the condition in various places of the world (Feng et al., 2013).

Since the 1980s, droughts have been increasing in frequency and intensity due to
climatic change (Liu et al., 2011; Trenberth et al., 2014; Saud et al., 2017), especially


https://link.springer.com/article/10.1007/s00299-021-02759-5#ref-CR235

in semi-arid regions of the Northern Hemisphere. When crop demand exceeds the
amount of water in the soil layers, climate change and agriculture intensification could
result in severe soil drought (Leng et al., 2015). Water scarcity, constrained plant
development, and reduced yield are all effects of drought-induced water deficit stress
(Misra et al., 2016). Significant relative and absolute water content reduction,
unbalanced osmotic pressure, and loss of turgidity were all caused by the stress of
drought (Nahar et al., 2017). Water shortage stress causes a decrease in the plant's water
potential and turgor to the point that it interferes with cells' ability to function normally.
Reduced stomatal opening, slowed CO: fixation, accelerated O. photo reduction in the
chloroplast, and increased photorespiration caused by water deficiency stress finally
cause reactive oxygen species (ROS) buildup and oxidative damage in plants (Jalil et
al., 2017). According to Bhargava and Sawant (2013), severe drought circumstances
promoted lipid peroxidation, which damaged proteins, the photosynthetic system, and
cell membranes, and ultimately led to programmed cell death. Through poor water, ion,
and nutrient uptake from soil matrix by roots, altered carbon and nitrogen cycle,
stomatal closure, photosynthesis inhibition, decreased carbohydrate synthesis,
increased respiration, decreased cell division, and elongation, mild to moderate drought
stress frequently resulted in impairment of these physiological and biochemical

processes (Hasanuzzaman et al., 2018b; Bhuiyan et al., 2019).

Soil flooding or waterlogging is brought on by an excessive buildup of water in the soil
as a result of prolonged, heavy precipitation, inadequate drainage, etc. (Hossain and
uUddin, 2011). Waterlogging harms around 10% of the world's land. Floods were
responsible for two-thirds of all crop losses and damage globally between 2006 and
2016. Waterlogging is characterized by poor light, hampered gaseous exchange,
hypoxia, and anoxia, and it covers plant roots (Fukao et al., 2019). By 10,000 times
lessening O diffusion than air, it inhibits aerobic activity, including soil root respiration
(Yamauchi et al., 2019). Because the anoxic situation prevents chloroplast and
mitochondrial ETC, ROS are therefore produced (Sasidharan et al., 2018). Due to the
change in soil pH, flooding also removes important nutrients from the soil, accumulates
salts, and increases the availability of heavy metals. Plants eventually experience
nutritional deficiencies and other stresses (salinity, heavy metals) as a result of these

negative alterations (Steffens, 2014).



In Bangladesh, the livestock industry, which provides nutritious and affordable food, is
crucial to the development of the rural economy. By providing nutritious, affordable,
and balanced food in the form of milk and other animal products, the livestock subsector
is important. In order to reduce rural poverty as well as maintain sustainable agricultural
expansion, it is therefore ideal for the livestock sector to grow quickly. Agriculture
contributes 18.70 percent of the country's GDP, and the livestock subsector contributes
2.45 percent. It employs roughly 25% of the labor force (BER, 2013). Additionally,
keeping livestock provides possibilities to use collective grazing pastures, and
diversifies income (Faruque, 2003). In addition to the animals' low genetic potential,
hunger, undernutrition, or both are major contributors to our livestock's low output.
Lack of a sufficient amount of high-quality feed will prevent animals from growing as
expected. According to the study by Sayeed et al. (2008), the average area under
cultivation for fodder was growing, which is encouraging for the livestock subsector.
The production of nutrient-rich, high-yielding varieties of fodder is inevitable since
fodder constitutes a significant portion of the daily protein intake of dairy animals.
Ample and reasonably priced feed availability is crucial for profitable livestock
operations. The practice of producing and preserving fodder is quite recent in
Bangladesh. Farmers are anxious to grow fodder for their cattle as nourishing feed
despite a number of obstacles. Raising improved breeds of cattle requires the cultivation
of high-quality fodders. The worry of not being able to supply enough feed and fodder
grows more pressing as animal populations rise over time. In most emerging nations,
including Bangladesh, the demand for fodder is becoming a difficult problem. For the

livestock sub-sector, a reliable supply of high-quality feed and fodder is essential.

Napier Grass (Pennisetum purpureum) under the family Poaceae is a perennial fodder
crop native to Africa and is now induced and grown in many temperate as well as
tropical countries. It is a tall grass that forms stems, has recently gained interest as a
potential bioenergy crop due to its robust biomass output (Waramit and Chaugool,
2014). This thermophilic plant is a highly productive crop due to its tropical origin. such
as those found in Thailand. Napier grass compared to many other plants, can produce
more dry matter (DM) per unit area. if just clipped once a year (EI Bassam, 2010).
Along with its many features that make them suitable for use as a crop drought tolerance
to various soil types (de Morais et al., 2012). It is simple to grow napier grass by

placing cuttings in the field (Lounglawan et al., 2014).
3



Bangladesh is regarded as the most susceptible country to stress in the world due to its
socioeconomic situation, geographic location, and the negative effects of climate
change and climate variability (Akter and Rahman, 2012; Ali et al., 2019; Islam and
Nursey-Bray, 2017; Shahin et al., 2014). As a result of its high population density,
small land size, fragile economy, socioeconomic inequality, and limited capacity for
adaptation, our nation is less able to deal with the effects of climate change. The primary
source of income, accounting for 40.62% of employment and 14.23% of GDP, is
agriculture (Finance Division, 2018). However, climate change is anticipated to have a
substantial impact on agriculture and reduce agricultural GDP by 3.1% each year
(Delaporte and Maurel, 2018). In the end, this will mostly have an impact on
subsistence farming and the nation's food security. The farming communities are among
the populations most at risk from climate change (Misra, 2017; Rahman et al., 2017).
Due to their high rates of poverty, reliance on agriculture, lack of adaptive capacity,
and high variability in annual and seasonal rainfall, the Barind tract and the Tista
floodplain regions of the country's northern and northwestern parts (collectively known
as North Bengal) are more severely affected by drought than other regions are (Habiba
et al., 2014; Shahid and Behrawan, 2008). On the other hand, Bangladesh is highly
vulnerable to waterlogging and two-thirds of its land is less than five meters above sea
level (Islam and Das, 2014; Dasgupta et al., 2011). According to estimates, the GDP
volume could expand by 0.02% annually if there had not been such an economic loss
during that time (Islam, 2016). In Bangladesh, waterlogging, which often results in
smaller inundation depths and slower flow rates than floods, severely disrupts daily city
life by causing infrastructure damage, traffic gridlock, health issues, and environmental
issues (Subrina and Chowdhury, 2018).

In this regard, Napier grass can be a good selection. This grass has a high growth rate,
high productivity, and good nutritive value. It is considered as a short-term drought
tolerant forage which is a useful trait in areas with low soil moisture during the dry
season, although it requires rainfall >1000 mm, so the species is adaptable to drought
conditions (Nagasuga, 2003). Though it is tolerant to drought, under water stress
conditions, the persistence and regeneration of this species are constrained.
Maintenance of tissue moisture is critical to survival and productivity in dry
environments. This is because it is often linked with the opening of stomata for the

assimilation of CO. (Cardoso et al. 2015). Stomatal closure can conserve tissue

4



moisture and thereby stabilize tissue water potential when soil available water is low.
It has been reported that stomatal conductance in grass species growing in the open
tropical savannah is less responsive to changing soil water conditions, unlike the same
species under the shade because they are more efficient in extracting water from dry
soil. In case of excess water conditions, napier grass is sensitive to waterlogging. Under
waterlogged conditions, the Napier grass doesn't show any tolerance mechanism and it
IS sensitive and as a result, it can't survive for long. Considering these facts this study
has been designed with the following objectives:

» To investigate the water stress-induced morphological, physiological,
biochemical, and oxidative damages in napier grass.

» To know the fodder yield under drought and waterlogging conditions.

» To study the quality attributes under different duration of drought and
waterlogging conditions.

» To find the recovery performance of napier grass under drought and
waterlogging conditions.



CHAPTER II

REVIEW OF LITERATURE

2.1 Napier grass

Napier grass (Pennisetum purpureum Schumach) is a perennial fodder crop. It is a grass
crop under the Poaceae family. It is also known as elephant grass, uganda grass. It is a
multipurpose forage grass and grown in intensive or semi-intensive agriculture
(Mkhutche, 2020). Napier grass is native to sub-Saharan Africa and extensively grown
in the tropical and sub-tropical areas. Out of total global area of 10 million hectares,

35% of the area is used for fodder purpose (Joshi, 2015).

2.1.1 Botany

Napier grass is a monocotyledonous, Cs plant. It belongs to the ethnic group Paniceae
in the subfamily Panicoideae of the Poaceae family (Bogdan, 1977). It is profusely
tillering, tall growing (1.5-2.0 m). There are 150 varieties of napier grass introduced in
the tropical and sub-tropical regions (Tudsri, 2005). Napier propagation mainly
happens through cutting as the seeds produce weak seedlings (Negawo et al., 2017).
Seeds are highly heterozygous as it is open-pollinated. Green biomass is the main
desirable part for using as fodder for livestock. It can produce 60-150 tons of green
matter ha™* per year and can be repeated cutting for 4-6 times per year. It can tolerate
high temperature, drought stress, low fertility status etc. (Dokbua et al., 2021; Rusdy,
2016; Yan et al., 2021).

2.1.2 Importance

Napier is a quick-growing perennial grass that may thrive in dry and droughty
environments (Sawasdee and Pisutpaisal, 2014). It is a promising crop for energy
production due to its high biomass yields and year-round harvest ability in subtropical
areas (Takara and Khanal, 2015). Plant biomass can be burned to produce hot gas (at

temperatures between 800 and 1000 °C) as biofuel which is used in steam turbine power



generator boiler systems. Two primary types of processes, namely thermo-chemical and
biochemical processes, may convert biomass into biofuel as a renewable and clean
energy source (e.g., charcoal, bio-oils, ethanol, methane, hydrogen, etc.) (Zhang et al.,
2010).

Napier grass is one of the fodder crops that is planted most often in small-holder
agricultural communities and also for use as fish food (Negawo et al., 2017). It is a
versatile fodder crop since it can be grazed directly or turned into hay or silage (Orodho,
2006). Young shoots of napier can be used as vegetable (Akah and Onweluzo, 2014).

As a crop, napier grass may serve as a windbreak, a living marker for the delineation
of river buffer zones, and a source of fuel when dried out (Orodho, 2006). In the
management of cropland systems, it serves as a mulch to prevent weed growth and soil
erosion, and as a trap plant for pest control (Kabirizi et al., 2013). It keeps the maize
crop free from maize stem borer and popularly called pull-push crop (attract and repel
the pests) (Joshi, 2015). Large biomass-producing plants like napier are being promoted
more as a result of the effects of change, and it is called next-generation or second-

generation biofuel crops (Phaenark et al., 2009; Mahar et al., 2016).

In Bangladesh, napier grass (Pennisetum purpureum) is grown mostly by farmers for
the purpose of feeding dairy cows. It includes more crude protein compared to other
forages. In the Barind region there is scarcity of water and napier grass is drought
tolerant, they grow napier grass for the purpose of livestock feed. Moreover, napier
grass is being popular in our country for being used as biofuel (Asaduzzaman, 2019).

2.2 Abiotic stress

With the ever-increasing population, the security of food and feed has turned into a
great concern nowadays. To assure this food and feed security, boosting production is
very urgent. But due to climate change, a larger portion of the world’s arable lands are
facing various abiotic stress conditions (Gong et al., 2020). The very common and
significant environmental/abiotic stresses for crop productivity are drought,

waterlogging, salinity, temperature extremes (high/low), high/low light intensity,



radiation (UVR, infrared, X-ray, etc.) stress, ozone, metal or metalloid toxicity, and
other organic or inorganic pollutants (Hasanuzzaman et al., 2019). These stresses
hamper plant growth and when the stress is induced for longer period or in high
intensity it may cause death to the plant which results in 70% loss of global crop

production (Nahar et al., 2017; Hasanuzzaman et al., 2018a).

2.2.1 Plant responses to abiotic stress

One of the main responses of abiotic stress is negative impact on crop growth and yield
(Sehgal et al., 2019; Rasheed et al., 2020; Mehmood et al., 2021). Additionally, it
increases respirational rates, reactive oxygen species (ROS), and electrolyte leakage
(EL) (EI-Banna and Abdelaal, 2018;). Abiotic stress conditions also interfere with the
uptake of nutrients and water, assimilates synthesis, and partitioning, which
significantly reduces yield (Abdelaal, 2015; Hassan et al., 2020). Also causes lipid
peroxidation, which damages proteins, the photosynthetic apparatus, cell membranes,

and ultimately lead to cell death (Bhargava and Sawant, 2013).

The growth and morphology are hampered when plant exposed to various abiotic stress.
When common bean exposed to salt stress, it was found that root and shoot biomass
reduction was by 30 and 59% under 200 mM NaCl treatment compared to control (Taibi
et al., 2016). Leaf mortality increased with the increase of salt concentration at an early
stage, critical decrease in plant biomass production along with shoot length, root length
and number of roots occurred (Jiang et al., 2016; Hussain et al., 2017). Morphological
parameters such as shoot length, ear length, and leaf area index (LAI) decreased with
the increase of waterlogging duration and dry matter accumulation also declined under
waterlogging in summer maize (Ren et al., 2014). Shoot biomass of the cultivars under
drought stress decreased by 19.77, 32.44, and 48.37% at 15, 30, and 45 DAF (days after

flowering), respectively.

Physiology also hampered through abiotic stress. Chlorophyll content had been reduced
by 52% under salt stress (Taibi et al., 2016). Sesame (Sesamum indicum cv. BARI til-
4) exposed to 2, 4, 6, and 8 days of waterlogging and showed that maximum reduction

of RWC (70%) and proline (Pro) content (20%) of leaves were observed under a



prolonged waterlogging (8 days) (Anee et al., 2019). Compared with the control, the
relative water content (RWC) of three soybean leaves was reduced by under drought
stress (Du et al., 2020).

Biochemical responses under abiotic stress has seen in a great extent. Malondialdehyde
(MDA) by 44% and at the same time, enzymatic and non-enzymatic activity was
increased when exposed to salt stress (Taibi et al., 2016).) Salinity-induced (150 mM
NaCl) oxidative stress in faba bean is manifested by increased ROS production,
especially H>O», and higher activities of MDA and EL (Alzahrani et al., 2019).
Similarly, H202, MDA, EL, and O2" levels were two times higher than control plants
in mung beans under salt stress (100 mM NaCl) (Ahmad et al., 2019). Excessive ion
accumulation and ROS production disturb plants' redox regulation under salinity stress
(Tarig and Shahbaz, 2020).

At a molecular level, it was revealed that plants produce abiotic stress signalling
chemical compounds called ROS such as singlet oxygen (*O2), hydrogen peroxide
(H202), superoxide (O2) hydroxyl radical (HO¢), etc. These compounds may be
generated at a lower level under controlled conditions as the usually plant utilizes only
1-2% O which favors normal growth and development without doing any damage
(Noctor et al., 2018). But when plants are exposed to any of the abiotic stress
conditions, it generates an uncontrolled amount of ROS which causes rapid ROS burst
and the system towards death due to the absence of ROS scavengers in sensitive crops.
Tolerant genotypes have ROS scavenging genes and can endure oxidative stress
through the synthesis of different non-enzymatic and enzymatic antioxidants (Mhamdi

and Breusegem, 2018).

2.3 Drought

The effects of the drought on plants will worsen with time. Drought alone lowers
agricultural productivity annually, compared to all diseases (biotic stress) combined.
Plants change their physiology, alter root development and architecture, and close
stomata on their aboveground segments to respond to moisture gradients in soil (Gupta

et al., 2020). Drought stress has a complex impact on plant water relation traits such as



leaf water potential, RWC, stomatal conductance, temperature of the canopy, and the

transpiration rate of different plant species (Fabregas and Fernie, 2019).

2.3.1 Plant responses to drought stress

According to plant genotypes and growth phases including germination, vegetative
growth stage, reproductive growth stage, and maturity stage, the degree of drought-
induced damage to crops and their responses vary, which reduces production. Drought
induces a variety of morphological and physiological changes in plants, such as
changed plant water relations, slower growth, lessened stem elongation, decreased leaf
size, stomatal movement, and ion transport. photosynthesis, nutritional imbalance,
increase water use efficiency, reducing transpiration and oxidation of membrane lipids,
photosynthetic pigments (Engelbrecht et al., 2007). Plant damage is mostly caused by
proteins and nucleic acids, which due to the increased reactive oxygen species caused
by dryness (ROS) generation that affects the redox state of cells (Nahar et al., 2017).

2.3.1.1 Effect of drought on crop growth

Bhuiyan et al. (2019), conducted experiment with rapeseed under drought stress (20%
PEG), rapeseed seedling height declined significantly (by 20% compared to control)
along with the fresh weight (FW) and dry weight (DW) of the seedlings. Two genotypes
of rapeseed were exposed to five levels of osmotic potentials (— 0.1, — 0.2, — 0.3, — 0.4,
and — 0.5 MPa) in an experiment, conducted by Khan et al. (2019). Root & shoot length,
root-shoot length ratio, shoot fresh and dry weight and root fresh and dry weight was
reduced significantly with the increase of osmotic potential in the case of both varieties.

Of the two varieties, ZY 36 was more sensitive to drought stress than SG 127.

Qaseem et al. (2019) did an experiment with drought and heat stress in wheat plants. In
case of drought stress (30% field capacity)- awn length, dry weight, leaf area, plant
height, and the tiller number were reduced by 35, 21, 31, 7, and 18%., respectively
compared to the control plants.

Ahmed et al. (2021) worked with two varieties of chickpea (Cicer arietinum L.) cv.
BARI Chola-7 and BARI Chola-9 and induced 4 levels of drought stress. Shoot FW
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and DW significantly decreased in both chickpea cultivars under drought stress. Shoot
FW decreased by 36, 55, and 68%, respectively, in BARI Chola-7 and 41, 55, and 63%
in BARI Chola-9 after exposure to D1(30% moisture content), D2, (20% moisture
content) and D3 (10% moisture content) treatments. In comparison to control
conditions, shoot DW decreased by 38, 49, and 61% in BARI Chola-7 and by 46, 50,
and 70% in BARI Chola-9. In comparison to drought-stressed plants alone, Thiourea
foliar application significantly raised shoot DW in D1 and D2-treated plants of BARI
Chola-7 by 46 and 19%, respectively, and in BARI Chola-9 by 51 and 18%.

Rahman et al. (2021) conducted an experiment with different abiotic stress on the jute
plant. In the case of drought stress, plant height decreased by 13 and 16% under mild
(10 days of water deficit) and severe (15 days of water deficit) drought, respectively. In
the case of other parameters like above-ground fresh weight and above-ground dry

weight had decreased by 22, 30, and 16% over the control.

Sahaet al. (2019) evaluated the detrimental effects of water stress (drought for 10 days)
on the growth of five rice genotypes and found that root lengths were reduced by 24 to
45% in all genotypes after 10 days of treatment exposure, although BRRI Dhan-56
showed the smallest root. In addition, all five genotypes showed a decline in the ratio
of shoots to roots, the length of the shoots, and fresh and dry weights. Similarly, Nasrin
et al. (2020) observed that rice plants (BBRI dhan24) subjected to drought stress for
12, 15, 18 and 21 days decreased root length by 49, 71, 64.15 and 68%, respectively, ,
shoot length (28 to 47%) root fresh weight (95 to 98%), shoot fresh weight (84 to 93%),
root dry matter (90 to 94%), and shoot dry matter (47 to 82%), compared to control.
Additionally, drought stress reduced leaf area by reducing leaf length and width by 31
to 36% and 22 to 56%, respectively.

2.3.1.2 Effect of drought stress on crop physiology

Upreti et al. (2021) conducted an experiment with two varieties of cluster bean (RGC-
936, drought sensitive and RGC-1002, drought tolerant variety). With the drought stress
progressed, RWC values decreased to 62.7 and 72.7% in RGC-936 and RGC-1002,
respectively on the 10th day of water stress. Along with the RWC, the osmotic potential
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was also reduced with drought stress and contributes towards maintenance of leaf
turgor, at low RWC values. In variety RGC-936, osmotic potential decreased by 1.87
fold while in the variety RGC-1002 the decrease was by 2.08 fold on 10th day of
drought.

An experiment was done by Tani et al. (2019) with forage grass (M. arborea, M. sativa,
and Alborea). Under drought stress conditions, RWC and the gas-exchange parameters
of net photosynthetic rate (Pn), stomatal conductance (gs), and transpiration rate (E)
significantly decreased while the water use efficiency (WUE) rose. After three weeks
of drought stress, the RWC of Alborea's leaves was around 29% lower than the control,
whereas M. sativa and M. arborea showed corresponding reductions of about 19 and
15%, respectively. While having the lowest gs and E in both well-watered and water-
deficient situations, the population of M. arborea had the greatest WUE. After two
weeks of drought stress, gs and E progressively declined, but their WUE steadily

increased.

Physiology was also hindered by the drought stress. In a study by Qaseem et al. (2019),
chlorophyll content was decreased during and after anthesis and all stress treatments
caused a significant reduction in chlorophyll content. During anthesis, chlorophyll
content was reduced by 24% and after anthesis, it was reduced by 31% under drought
(30% field capacity) compared to control. The relative water content was reduced by

55% compared to control.

In comparison to controls, the exposure to drought stress resulted in a significant
reduction in chl a and chl b, as well as the overall quantity of chl content, which is also
connected with carotenoid (Car), by 71, 60, 75, and 83%, respectively (Nawaz et al.,
2016). According to Hasanuzzaman et al. (2018c), the crop plants exposed to acute
water stress (20% PEG), resulted in 52 and 43% reduction of chl a and total chl content,
respectively, in the leaves of rapeseed plants compared to the control. However,
coupled heat and drought stress (50% FC) decreased the levels of chl a, chl b, and total
chl (Hussain et al., 2019).

12



Under drought stress, the RWC of the leaves in both types of chickpea in BARI Chola-
7 and BARI Chola-9, respectively, plants had the lowest RWC under extreme drought
stress by 36 and 30% compared to control (Ahmed et al., 2021).

2.3.1.3 Effect on yield and yield attributes

Drought causes substantial physiological changes that delay or even stop growth and
threaten the yield stability of the crop (Anjum et al., 2011). As a result of the
drought, field yield losses normally between 30 and 90% (Hussain et al., 2019). The
yield loss varies depending on the crop species, water sensitivity of the crop.
Drought may have particularly significant effects on yield during various stages of crop
development (Dietz et al., 2021).

Fariaszewska et al. (2020) worked with nine varieties of forage grass under drought
stress for two years and fodder yield had decreased with the increasing drought. The
two L. multiflorum varieties (‘Melmia' and 'Meldiva’) had the highest total dry matter
yield (DMY) in the control and drought circumstances, 20.2 and 22.8 t ha®,
respectively. In contrast, the F. pratensis variety had the lowest total dry matter yield
for irrigated and non-irrigated plots. The biggest loss in total DMY under drought stress
circumstances in 2014 was recorded for "Barolex™ (10.1%), while "Meltador" even
exhibited a very tiny rise in total DMY (6.7%). In the control conditions, "Barolex" had
the highest total DMY, while "Felopa" had the lowest in 2015. '‘Barolex' had the lowest
drop in total DMY of 2015 following the drought season in cut Il (7.8%), while
'‘Merifest Tp.' had the highest reduction (35.2%).

In comparison to well-watered controls, Anjum et al. (2017) found that under severe
drought stress (40% FC), the kernels ear?, weight of 100-grain, grain yield plant?, and
biological yield plant™ of three maize hybrids decreased by 2, 10, 13, and 6% in Dong
Dan 80; 5, 14, 22, and 7% in Wan Dan 13; and 19, 24, 43, and 16% in Run Nong 35.
Thus, Dong Dan 80 (6%), Wan Dan 13 (7%), and Run Nong 35 (16%) showed
a substantial reduction in yield when all maize hybrids were subjected to drought stress.
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Three genotypes of soybean, Shennongl7 (CV.SN17), Shennong8 (CV.SN8), and
Shennongl2 (CV. SN12) were exposed to different duration of drought stress 15, 30,
and 45 DAF (days of flowering). Seed weight decreased by 41.65% under drought
stress compared to the control during the middle and late seed development stages (30—
45 DAF).

2.3.2 Drought-induced oxidative stress and antioxidant defense system

Because of drought, electron leakage, reactive oxygen species (ROS) generation, and
disruption of solute transport is happened to create oxidative damage. These ROS
interact with several cellular components, including Plants initiate various mechanisms
to maintain normal homeostasis of cells, such as enzymatic and no enzymatic
scavenging systems to protect cells from oxidative damage (Kabiri et al., 2014). These
enzymatic and no enzymatic scavenging systems are mediated by plants to detoxify the
detrimental effect of drought stress. the nucleus, proteins, and membranes, affecting

the integrity of those components.

According to Du et al. (2020), MDA content had been increased under drought stress
compared to control. MDA concentration increment during drought stress was 52.86 to
90.11% in CV.SN17, 22.46 to 45.45% in CV.SN8 and 22.22 to 28.76% in CV.SN12 as
compared to control during 15-45 DAF. Under drought conditions, proline
concentrations were increased. Compared with the control, proline concentration had
been increased by 33.23, 75.12, and 65.97% in CV.SN17, CV.SN8 and CV.SN12,

respectively.

Amoah and Seo (2021) observed that wheat had the greatest increases in EL (64%),
H20, concentration (25%), and MDA (54%). Liu et al. (2019) found that the MDA
contents rose considerably by 16% and led to ROS over-generation and cell lipid
peroxidation in the imbibing seeds when drought-stressed (20% PEG, 5 d) plants were
compared to control plants. According to Bhuiyan et al. (2019), compared to the
control, rapeseed seedlings exposure to water stress had significantly enhanced MDA
and H20 contents by 82 and 131%, respectively. On the contrary, MDA and H:0-
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levels in Xida 319 and Xida 889 maize hybrids were reduced by drought stress

treatments compared to controls (Hussain et al., 2019).

An experiment conducted by Khan et al. (2019) with six rapeseed genotypes
(Zhongshuang 10, Huashuang 5, Zhongyou 36, Huaza 62, Shenguang 127, and Huaza
9) and five levels of water potential (—0.1, —0.2, —0.3, —0.4 and —0.5 MPa). Under the
drought stress condition (—0.3 MPa) a sharp rise in H2O> content by 92%, MDA content
by 181%, and EL by 112% for ZY 36 variety compared with SG 127 variety. When it
considered for -0.5 MPa, 42, 35 and 47% increase in H,O2, MDA content and EL,

respectively, was observed.

Gunes et al. (2007) observed that drought stress (40% FC) increased MDA content (25-
68.7%) and H»O content (55-133%) compared to control plants (60% FC). Patel et al.
(2012) exposed four chickpea cultivars (Tyson, ICC 4958, JG 315, DCP 92-3) to early
drought stress (EDS) and late drought stress (LDS) to study the chickpea genotypes'
most responsive development stage to drought stress. They found that H.O2 and MDA
contents increased compared to water as usual. However, the difference between EDS
and LDS was more significant, indicating that the pre-anthesis stage was more

vulnerable to oxidative stress than the post-anthesis period.

2.4 Waterlogging

The definition of waterlogging is “the condition of land where the subsoil water table
is located at or near the surface with the result that the yield of crops typically grown
on the land is reduced well below for the land, or, if the land is not cultivated, it cannot
be put to its normal use due to high subsoil water” (FAO, 2015). Flooding and
waterlogging have negative consequences for global agriculture production.
Waterlogging can be two types, viz; submergence and flooding. Flooding can create
hypoxia (lack of oxygen) and anoxia (absence of oxygen). Where there is heavy
precipitation, inadequate soil drainage (Sundgren et al., 2018), and considerable
variations in the high groundwater level, waterlogging (WL) or flooding frequently
occurs (Ren et al., 2016a). Reduced plant growth potential and productivity under

waterlogging stress are caused by changes in root hydraulic conductivity, light
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interception, stomatal conductance, CO: assimilation, drastically reduced
photosynthesis, altered respiration, and production of a variety of secondary
metabolites (Ashraf, 2012). The metabolic activities of plants growing under
waterlogged conditions may be hampered by inhibitions of respiration and the
production of toxic compounds. Plants grown in waterlogged environments have been

found to have stunted growth and lower biomass.

2.4.1 Plant responses to waterlogging stress

Additionally, waterlogging is known to have negative effects on plant physiological
processes, such as decreased cell permeability (Zhang et al., 2021), decreased root
activity and respiration (Kaur et al., 2020), and antioxidant inhibition, which causes
stomata to close, lower leaf chlorophyll concentrations, and a decrease in the net
photosynthetic rate (Pn) (Tian et al., 2021). Lower soil oxygen levels, which restrict
both carbon and nitrogen metabolism and negatively impact the availability of soil
nutrients, especially nitrogen, may be the cause of the decline in plant growth following
waterlogging (Herzog et al., 2016; Zhang et al., 2021). Particularly waterlogged plants
experience N shortage as a result of increased denitrification and mobile nitrogen
leaching as well as slowed rates of N mineralization brought on by the excessive soil
moisture (Kaur et al., 2020).

2.4.1.1 Effect of waterlogging on crop growth

Zeng et al. (2020) did an experiment with 39 peanut ecotypes. At various growth
phases, such as the S stage (four-leaf stage), the F stage (50% flowering and needling),
and the P stage (pod-filling stage), waterlogging treatments were applied for 5, 10, or
15 days (from the beginning of the seed to the full seed). At the S and F phases,
waterlogging for 5 and 10 days enhanced the stem dry weight (SDW) and leaf dry
weight (LDW) of the three ecotypes. The maximum decline in total dry weight (TDW),
SDW, LDW, and pod dry weight (PDW) for all ecotypes also occurred at the P stage,
where maximum declines in TDW, SDW, LDW, and PDW for Zhanhong 2 were 47.64,
19.94, 41.21, and 69.78%, respectively, while for Zhongkiahua 1 they were 35.06, 7.47,
43.50, and 43.60%, and for Huayu 39 they were 49. The TDW and LDW of Zhanhong
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2 grew by 4.76 and 23.20% after 5 days of therapy at the P stage, whereas those of
Zhongkaihua 1 climbed by 14.22 and 13.49%, and those of Huayu 39 declined by 49.14
and 57.04%, respectively.

Ren et al. (2014) investigated several phases of summer maize under conditions of
waterlogging. At the three-leaf stage (V3), six-leaf stage (\V6), and the tenth day after
the tasseling stage (10VT) of maize, the caused waterlogging for varying lengths (3 and
6 days). After two years of research, the findings showed that waterlogging severely

impacted summer maize's overall growth and development.

Rahman et al. (2021) showed that plant height had decreased by 38 and 41% under mild
(waterlogged for 5 days) and severe (waterlogged for 15 days) waterlogging,
respectively. Above-ground fresh weight and above-ground dry weight decreased by
35 & 38%, and 45 & 48% over the control.

Prasanna and Rao (2014) demonstrated a significant variance in the growth parameters
of mung bean cultivars in waterlogged condition. Throughout the whole life cycle,
waterlogging significantly affected plant height, leaf area, leaf number, and total dry
matter. The impact of a 4-day waterlogging was more severe than a 2-day waterlogging
treatment above the control. Waterlogging caused a reduction in plant height, branch

number, leaf number, and total dry matter by 33, 34, 31, and 31%, respectively.

Pais et al. (2021) conducted an experiment with 4 different genotypes of bread wheat
and waterlogging stress was imposed at the tillering stage for 14 days. In the case of
G3 and G4 didn’t show any significant decrease under waterlogging but the SPAD
value was decreased by 29 and 80% in G1 and G2, respectively.

2.4.1.2 Effect of waterlogging on crop physiology and metabolism

Waterlogging conditions cause disruptions in plant physiology and metabolism. Under
conditions of waterlogging, plants exhibit a variety of reactions, such as reduced
stomatal conductance, net CO»-assimilation rate, and root hydraulic conductivity
(Ashraf, 2012), as well as decreased photosynthetic rate (Akhtar and Nazir, 2013).
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Bajpai and Chandra (2015) conducted an experiment with sugarcane in two varieties
for 0, 48, and 96 hours of waterlogging and one for recovery. Relative water content
rose in both varieties as waterlogging time increased; it varied from 84.7 to 90.2% in
variety V1 and 86.7 to 89.6% in variety V2. RWC content after recovery therapy
seemed normal. Chl a, Chl b, and carotenoids concentration in leaf tissues were lowered
by waterlogging. Maximum reduction in varieties V1(early maturing variety) and V2
(late maturing variety) was noticed at 96 hours. Chl a & b, and carotenoid
concentrations in the Recovery treatment variety V1 did not demonstrate additional

improvement.

At various developmental phases, the SPAD values of Zhanhong 2 and Zhongkaihua 1
dropped as the duration of waterlogging increased. A significant difference from CK
under waterlogging at the S (seedling stage) and P (pod-filling stage) stages lowered
the SPAD value for Huayu 39 but waterlogging at the F stage (flowering stage) for 5
days and 10 days enhanced the SPAD value. Waterlogging during 10 days and 15 days
during the P stage decreased the SPAD value in Zhanhong 2, Zhongkaihua 1, and
Huayu 39 by 21.08, 24.22, 20.25, and 12.22%, respectively (Zeng et al., 2020).

To know the effect of waterlogging on different genotypes of soybean Sathi et al.
(2022) conducted an experiment. When exposed to waterlogging, plants exhibited a
reduction in leaf RWC. The lowest reduction in leaf RWC was observed in waterlogged
BARI Soybean-5 (17%) and the highest reduction was in waterlogged BINA soybean-
5 (42%) in comparison with the control condition. The reduction ranged between 18
and 41% in other genotypes when compared with their respective control plants.

Kumar et al. (2013) worked with four genotypes of mung bean varying in their
waterlogging tolerance. Tolerant genotypes (T-44 and MH-96-1) maintained
significantly greater RWC and membrane stability index (MSI) than sensitive
genotypes (MH-1K-24 and Pusa Baisakhi) under waterlogging conditions. Under
waterlogging stress, the rate of photosynthesis reduced in all genotypes that were
studied, and these inhibitions became worse with time. Stomatal conductance showed
the same trend as the photosynthetic rate. After 48 hours of waterlogging, leaf
respiration grew more than in control plants. The leaf respiration rates of MH-96-1 and

Pusa Baisakhi were higher than those of the other genotypes. On the sixth and ninth
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days of waterlogging, a little reduction in respiratory rate was noted. However, during
the waterlogging treatment phase, the rate of leaf respiration in T-44 did not change.
Therefore, they came to the conclusion that no studied length of waterlogging resulted

in a reduction in leaf respiration.

By the closure of stomata and lowering of PSII efficiency, flooding stress increased the
number of leaves but lowered photosynthetic activity in the Cichorium intybus plant.
Compared to control plants, the roots of wet plants shrank. However, there were no
appreciable variations in FW and DW. While the leaves of the flooded plant gathered
organic acids and reducing sugars, the roots accumulated glucose, fructose, sucrose,
and 1- kestotriose. Due to flood stress, invertase and sucrose synthase activities
increased in both leaf and root whereas sucrose-phosphate synthase activity did not
alter. Because fructan: fructan 1-fructosyltransferase was suppressed, inulin synthesis
was delayed in the roots of flooded plants, and its mean degree of polymerization

was reduced (Vandoorne et al., 2014).

2.4.1.3 Effect of waterlogging on yield and yield contributing

parameters

Six wheat genotypes were subjected to flooding stress for 28 days, and all had
significant grain production reductions. When compared to rainfed circumstances
(control), waterlogging caused a grain yield reduction of 56% on average, with cultivars
Ariana and Vaga seeing the largest reduction (74%) and Salammb6 and Utique
experiencing the smallest reductions (39%). The two cultivars, FXA and Hadra, had a
mixed pattern of behavior with corresponding declines of 60% and 48% (Amri et al.,
2014).

In an experiment with four genotypes of mung bean viz., two tolerant (T 44, and MH-
96-1), and two sensitive (Pusa Baisakhi, and MH-1K-24) | mung bean genotypes under
waterlogging stress, Kumar et al. (2013) discovered that yield was impacted by
waterlogging in all the genotypes. The average grain yield losses in all mung bean
cultivars were 20.01, 33.79, and 52% owing to 3, 6, and 9 days of waterlogging,

respectively. At the vegetative stage, yield loss increased in a duration-dependent
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manner. The grain production losses brought on by three days of waterlogging might
be recovered by the tolerant genotypes. However, even three days of waterlogging
reduced the yield (by up to 20%) for sensitive genotypes. After 9 days of waterlogging,
sensitive genotypes had grain yield reductions estimated to range from 70.0 (Pusa
Baisakhi) to 85% (MH-1K-24) compared to control plants.

In wheat, Rasaei et al. (2012) found a significant difference among all the waterlogging
stress periods (10, 20, and 30 days). Even though 30 days of waterlogging had the worst
effects on grain output, 10 and 20 days of waterlogging significantly differ from a non-
waterlogged state. After 10, 20, and 30 days of waterlogging stress, when plants
allowed to recover, the yield of wheat was 7518.4 kg/ha, 6815.5 kg/ha, 5587 kg/ha, and
4138.6 kg/ha, respectively.

To investigate the effects of waterlogging on summer maize development and yield at
the three-leaf stage (V3), six-leaf stage (\V6), and the tenth day after the tasseling stage,
Ren et al. (2014) conducted an experiment in the field (10VT). The findings showed
that the degree of stress (intensity and duration) and the various growth phases affected
maize development and grain production responses to waterlogging. During V3 and
V6, yield drastically declined as waterlogging duration increased. In treatments V3-3,
V3-6, V6-3, V6-6, 10VT-3, and 10VT-6, the yields of the maize hybrid Denghai 605
(DH605) were, correspondingly, 23, 32, 20, 24, 8, and 18% lower than those of the
control; the yields of Zhengdan 958 were decreased by 21, 35, 15, 33, 7, and 12%,

respectively, compared to control.

2.4.2 Waterlogging-induced oxidative stress and antioxidant defense

system

Reactive oxygen species are produced in various forms and subcellular compartments
due to waterlogging (Jaspers and Kangasjarvi, 2010). Reactive oxygen species are
created in transition when a plant or plant component either enters hypoxia/anoxia from

normoxic conditions or returns to an aerobic environment (Irfan et al., 2010).

Under typical aerobic circumstances, lipid peroxidation—another potential generator
of ROS and other radicals—is a normal metabolic process. Moreover, it is one of the
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most thoroughly investigated effects of ROS activity on membrane composition and
function. Several researchers have found higher H2O. buildup and enhanced lipid
peroxidation in anaerobic environments (Hasanuzzaman et al., 20123, b; Sairam et al.,
2011). The primary cause of oxidative stress is the inability of the scavenging system
to metabolize the hazardous active oxygen due to either increased ROS production or

reduced activity of the scavenging enzymes (Yordanova et al., 2004).

Asha et al. (2021) conducted an experiment with two genotypes of maize for 10 days
of waterlogging. Both the sensitive genotypes Popcorn and BM-6 saw a significant rise
in H20- as a marker of oxidative stress, but the tolerant genotype BHM-9 experienced
a drop and the tolerant genotype BHM-13 experienced a minor increase. Under
waterlogging stress, the susceptible genotype BM-6 showed the largest rise in H2O>
concentration (9.05 times) as compared to the control. Under waterlogging stress, all
tolerant and susceptible genotypes had higher levels of APX and POD as compared to
the control, although two tolerant genotypes, BHM-9 and BHM-13, had relatively high
levels than the two susceptible genotypes, Popcorn, and BM-6. Under waterlogging
treatment, the moderately tolerant genotype BHM-9's content of APX increased by 3.67
times, that of POD by 2.33 folds, and that of POD by 2.46 folds in the tolerant genotype
BHM-13 compared to control.

2.5 Effect of water stress on napier grass

2.5.1 Effect of water stress on napier growth

Three napier cultivars were used in an experiment by Sarker et al. (2021) at two distinct
sites. Cultivar and location showed a highly significant impact on plant height.
Regardless of location, BN-1 (171.2 cm) had the maximum plant height. However,
regardless of cultivar, the non-drought site (174.6 cm) had the highest plant height when
compared to the drought location. The stem height of four napier cultivars described in
arecent study by Maleko et al. (2019) ranged from 145.44 to 210.81 cm with substantial
differences among them. While there were no significant differences in the number of

tillers per hill between cultivars the number of tillers at the non-drought site (28.1
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no/hill) was substantially greater than the number at the drought location. (Maleko et
al., 2019).

The same type of effect was also studied by Sarker et al. (2021) and showed that the
differences in leaf stem ratio (LSR) across cultivars are caused by features of the stem
and leaves. While some types have stout stems and few leaves, others have narrow
stems and many leaves. The maximum LSR, regardless of cultivar, was found in BN-3
(0.86) and at the drought site (0.95).

2.5.2 Effect of water stress on the physiology of napier

Cardaso et al., (2015) conducted an experiment with two forage grasses under drought
stress. Similar to other C4 grasses, napier grass and Mulato 1 the effects of the drought
on growth were unaffected conditions. This implies that the gas exchange in leaves,
stomatal control, rather than other mechanisms, primarily regulates water loss and plant
growth during drought conditions both types of grass' stomatal density decreased.
Moreover, the stomata density was 1.4 times higher. However, levels of leaf gas were
higher in Mulato Il than in napier grass after the trial. In non-stressed plants, the
interchange was comparable. Stomata size in the leaves of napier grass was more likely

to be greater than Mulato 1.

2.5.3 Effect of water stress on napier yield

The herbage mass of plants is affected by all growth factors of plant. The result of this
study showed that the interaction of drought stress and kind grasses have not affected
herbage mass. Furthermore, the kind of grasses treatment has a significant effect on
herbage mass. Decreasing napier grass herbage mass have no significant difference
with all treatment of period stress, while in guinea grass herbage mass significance
decreased by DS258 treatment. Forage yield decreased the effect of drought stress.
Guinea grass decreased 25.9% after three times stress compared to control. Napier

decreased 22.20% forage yield compared to the control (Purbajanti et al., 2012)
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2.5.4 Effect of water stress on the quality of napier

The experiment of Sarker et al. (2021) showed that location had no significant (P >
0.05) effect on DM contents in all botanical fractions of napier cultivars. Maleko et al.
(2019) reported leaf, stem, and total DM contents in four varieties of napier to be ranged
from 17.44% to 22.87%, 8.29% to 14.7%, and 12.87% to 18.78%, respectively which
are agreed with our investigation. DM content largely depends on plant maturity and
moisture in the soil. The importance of soil moisture to plant growth was highlighted

by the marked reduction of dry matter yields.

The crude protein (CP) contents in whole plant and stem were found to have significant
variation for the effect of cultivar, while it was not varied significantly in leaf. The
highest CP contents in the whole plant (10.69%) and stem (6.21%) were obtained in
BN-1 and BN-3, respectively. On the other hand, the location had a highly significant
effect on CP contents in all botanical fractions. The highest CP contents in all botanical
fractions were estimated at the non-drought location. Regardless of cultivar and
location, the least squares mean of CP contents in the whole plant, leaf and stem were
9.96, 12.26, and 5.89%, respectively (Sarker et al., 2021). According to Ishrath et al.,
(2018), the napier hybrid in general contains about 10.2% CP, which closely agrees
with our study. In another study, CP contents in 3 napier hybrid cultivars to be 16.5 to
17.2% in the leaf, 3.6 to 5.6% in the stem, and 10.4 to 11.2% in the whole plant, which

mostly agrees with this study, except that of CP content in leaf.

The ash contents in all botanical fractions of the plant were found to have no significant
(P > 0.05) effects for cultivars, while those varied significantly (P < 0.001) for the direct
effect of location. Regardless of cultivar and location, the least squares mean of ash
contents in the whole plant, leaf and stem were 13.81, 12.67, and 14.54%, respectively.
Rengsirikul et al. (2013) reported ash concentration to be 10.9 to 15.9% in napier
harvested in dry seasons. Ash contents in different hybrid Napier cultivars ranged from
11.62 to 13.07% in leaves and 12.30 to 13.90% in the stem. In contrast, Maleko et al.
(2019) reported comparatively lower estimates of ash contents in four varieties of

napier cultivar ranging from 7.96 to 9.38%.
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The acid detergent fiber (ADF) contents in all botanical fractions were found to have
highly significant effects on the cultivar. The lowest ADF contents in all botanical
fractions were found in BN-3. On the other hand, the location had no significant effect
on ADF contents in all botanical fractions, which agrees well with. Regardless of
cultivar and location, the least squares mean of ADF contents in the whole plant, leaf
and stem were 43.77, 42.31, and 45.67%, respectively. Earlier, Elanchezhian and Reddy
(2009) obtained 39.57% ADF in the hybrid Napier cultivar (CO3) at the green stage.

The lowest NDF contents in all botanical fractions were found in BN-3. On the other
hand, the location had a significant effect on ADF contents in the whole plant and stem,
being lowest at the non-drought location, while ADF content in the leaf was not varied
significantly. However, NDF values as found in our study followed within the range of
45 to 65% which is regarded as roughage feed of moderate quality (Turano et al., 2016)
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CHAPTER III

MATERIALS AND METHODS

This chapter shows a short description of the experimental period, site description,
climatic condition, crop or planting materials, treatments, experimental design and
layout, crop growing procedure, fertilizer application, uprooting of seedlings,
intercultural operations, data collection, and statistical analysis.

3.1 Location

The experiment was conducted at the experimental shed of the Department of
Agronomy, Sher-e-Bangla Agricultural University, Dhaka (90° 77" E longitude and 23°
77" N latitude), Bangladesh, during the period from April 2021 to July 2021. The

location of the experimental site has been shown in Appendix 1.

3.2 Soil

The soil of the experimental pot belonged to the Modhupur tract (AEZ No. 28). It was
a medium-high land with non-calcareous dark grey soil. The pH value of the soil was
5.7. The physical and chemical properties of the experimental soil have been shown in
Appendix II.

3.3 Weather

The experimental area was under the subtropical climate and characterized by high
temperature, high humidity, and heavy precipitation with a chance of a blast of winds
during the period from April to July. The detailed meteorological data in respect of air
temperature, relative humidity, rainfall, and sunshine hour recorded by the meteorology

center, Dhaka for the period of experimentation have been presented in Appendix IlI.
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3.4 Materials

3.4.1 Plant materials

Super napier seed was used in this experiment. It is the hybrid napier grass obtained by
crossing elephant grass and pearl millet. It can be grown in Kharif-I and Kharif-II
seasons. Super napier can be up to 400-500 cm in height. It has long leaves in size and
leaves are also broader (6-8 cm). High leaf bearing capacity with 400 to 450 leaves per
pitch. Fodder can be harvested eight times a year. The yield is 150-200 tons per annum.

3.4.2 Plastic pot

14 liters’ plastic pots with 18-inch depth and 14-inch diameter were used for this
experiment. Thirteen kilograms of sun-dried and sterilized soils along with organic
manures (cow dung, vermicompost) and fertilizers (nitrogen, phosphorus, potassium,
sulfur) were put in each pot according to their doses. After that, the all components

were mixed properly and pots were prepared for seed sowing.

3.5 Treatments

1. Control

2. D1 (Drought for 7 days; at 21-28 DAS)

3. D2 (Drought for 14 days; at 21-35 DAS)

4. D3 (Drought for 21 days; at 21-42 DAS)

5. WL1 (Waterlogging for 7 days; at 21-28 DAS)

6. WL2 (Waterlogging for 14 days; at 21-35 DAS)

7. WL3 (Waterlogging for 21 days; at 21-42 DAS)

Treatments were applied at the 21 days after sowing (DAS) for different durations.
Plants were grown under field capacity condition up to 21 days after sowing. Then both
drought and waterlogging stress was imposed to the plants. For drought stress, Moisture
content was 20, 10, 5 % for 7, 14 and 21 days durated drought, respectively. For
waterlogging, water level was 6-8 inches higher than root level of plants and maintained

for 7, 14 and 21 days, respectively.
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3.6 Design and layout of the experiment

The experiment was laid out in a Completely Randomized Design (CRD) with four

replications. So, the total number of pots was 28.

3.7 Seed collection

The seed was collected from the local seed market. The variety used in this experiment
was Bakshi Bran (Super Napier Grass).

3.8 Pot preparation

The collected soil was sun-dried, crushed, and sterilized properly. Then the soil, organic
manure, and fertilizers were mixed properly, and then placed the soil into the pot. Each
pot was filled with 13 kg of mixed soil. Pots were placed at the shed house of Sher-e-
Bangla Agricultural University. Leveling was done to the pot for each treatment.

Finally, water was added to bring the soil water level to the field capacity.

3.9 Fertilizer application

Fertilizers used in the experimental pots were organic manure, urea, triple super
phosphate, muriate of potash, and gypsum at the recommended dose. The whole amount
of fertilizers was incorporated with soil at final pot preparation before sowing. Fertilizer

doses are as follows:

Fertilizers Doses (kg ha™) Actual amount per pot (g)
Urea 45 0.978
Triple super phosphate 12 0.60
Muriate of potash 15 0.30
Gypsum 5 0.28
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3.10 Seed sowing technique

Sixteen healthy seeds were sown in each pot. Before sowing seeds were soaked in water

for 24 hours. After germination, 10 plants were allowed to grow in each pot.

3.11 Intercultural operations

3.11.1 Gap filling and thinning

After sowing seeds continuous observation was kept. It was observed that some seeds
failed to germinate. So, there was a need for gap filling. Thinning was done to maintain
10 seedlings per pot. Thinning was done to maintain the required spacing of the plants.

3.11.2 Weeding and irrigation

Occasionally, there were some weeds in pots that were uprooted manually. Irrigation

was given to maintain field capacity moisture level.

3.11.3 Plant protection measure

There was infestation through leaf roller at a very early stage. So, insecticide had been

sprayed 3 times at 3 days’ intervals.

3.12 General observation of the experimental pots

The experimental pots were regularly observed and they looked normal green. The
growth was not uniform in case of drought and waterlogged plants compared to control.

28



3.13 Data collection

Data were collected after the completion of each treatment. As there were three
different duration of treatment, data were also taken. All types of data were taken after
each stress duration and also at 50 days after sowing. Qualitative parameters were taken
at 50 days after sowing only.

3.13.1 Crop growth parameters

= Plant height

= Root length

* Root-shoot ratio

= Shoot fresh weight
= Root fresh weight
= Shoot dry weight

* Root dry weight

3.13.2 Physiological parameters

=  SPAD value

= Relative water content

3.13.3 Oxidative stress indicators

= Proline content
= Malondialdehyde (MDA)
= Hydrogen peroxide (H202) content
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3.13.4 Qualitative parameters

= Acid Detergent Fibre

= Neutral Detergent Fibre
= Ash content

= Dry matter

= Crude Protein

= Crude fiber

= Moisture

= Organic matter content

=  Hemicellulose

3.14 Procedure of sampling for growth study during the crop growth

period

3.14.1 Plant height

The height of the napier plants was recorded after the completion of the duration of
treatment. Five plants were sampled randomly and height from the above ground up to
the peak of the plants was recorded. The average of these 5 five plants had been
considered as the plant height of the plants. Similarly, plant height data was recorded
at 50 days after sowing for all together treatments.

3.14.2 Root length

The root length of the napier plants was recorded after the completion of the duration
of treatment. Three plants were uprooted from each pot randomly and washed properly
with clean water. Then the roots were cut from the plant and measured with a scale.
Averaged the value and considered root length. Similarly, plant height data was

recorded at 50 days after sowing for all together treatments.
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3.14.3 Shoot fresh weight

The shoot fresh weight of the napier plants was recorded after completion of the
duration of treatment. Three plants were uprooted to measure the root length. After
cutting the root from the uprooted plants, shoots were weighed through balance. The
value of shoot fresh weight was averaged to have the shoot fresh weight per plant.

Similarly, shoot fresh weight was recorded at 50 days after sowing for all treatments.

3.14.4 Shoot dry weight

The shoot dry weight of the napier plants was recorded after completion of the duration
of treatment. After measuring the shoot's fresh weight, the samples were dried in an
electric oven at 80 °C for 72 hours. Then the samples were weighed through electric
balance and averaged the values which were considered as shoot dry weight per plant.

Similarly, shoot dry weight were recorded at 50 days after sowing for all treatments.

3.14.5 Root fresh weight

The root fresh weight of the napier plants was recorded after completion of the duration
of treatment. The root from the uprooted plants was measured through balance to have
root fresh weight. Then the value was averaged and considered as root fresh weight per
plant. Similarly, root fresh weight data were recorded at 50 days after sowing for all

together treatments.

3.14.6 Root dry weight

The root dry weight of the napier plants was recorded after the completion of the
duration of treatment. After measuring the root's fresh weight, the samples were dried
in an electric oven at 80 °C for 72 hours. Then the samples were weighed through
electric balance and averaged the values which were considered as root dry weight per
plant. Similarly, root dry weight data were recorded at 50 days after sowing for all

together treatments.
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3.14.7 Root-shoot ratio

The root-shoot ratio of the napier plants was recorded after the completion of the
duration of treatment. The proportion of shoot length and root length is considered as

the root-shoot ratio. The following formula was used to calculate the value:

Root length

Root-shoot ratio = Shoot length

Similarly, the root-shoot ratio was recorded at 50 days after sowing for all treatments.

3.14.8 Root branch

The root branch of the napier plants was recorded after the completion of the duration
of treatment. Root branches were counted from the uprooted plant of three samples
from each treatment. Then, the number was averaged and considered as a root branch
number. Similarly, the root branch was recorded at 50 days after sowing for all together

treatments.

3.15 Procedure of sampling for physiological parameter

3.15.1 SPAD value

The SPAD value of the napier plants was recorded after the completion of the duration
of treatment. Five leaves were randomly selected from each pot. The top and bottom of
each leaf were measured with atLEAF (FT Green LLC, USA) as atLEAF value. Then
it was averaged and the total chlorophyll content was measured by the conversion of
the atLEAF value into SPAD units and then total chlorophyll content was measured.
Similarly, the SPAD value was recorded at 50 days after sowing for all together

treatments.
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3.15.2 Relative water content

The relative water content of the napier plants was recorded after the completion of the
duration of treatment. Relative water content (RWC) was calculated according to Barrs
and Weatherly (1962). Three fully expanded leaves were collected from each treatment
and weighed the leaves. That weight was considered fresh weight (FW). Then the leaves
were floated in distilled water in Petri dishes and kept for 24 hours in a dark place. After
24 hours, the leaves were weighted again removing the excess water with soft tissue
and that weight was turgid weight (TW). The leaves were dried in an electric oven at
80 °C for 24 hours and weighed to measure dry weight (DW). Then RWC was

calculated as follows-

FW-DW
TW-DW

RWC (%) = x 100

Similarly, relative water content was recorded at 50 days after sowing for all treatments.

3.16 Procedure of sampling for biochemical parameter

3.16.1 Measurement of proline content

Proline content in leaf tissue was calculated by following the protocol of Bates et al.
(1973). Fresh leaf tissue (0.5 g) was collected from each treatment and kept in ice-cold
condition. Then the leaf tissue was homogenized well in 5 mL of 3% sulfosalicylic acid
also in ice-cold condition and the homogenate was centrifuged at 11,500xg for 15
minutes. One mL of the filtrate was mixed with 1 mL of acid ninhydrin (1.25 g
ninhydrin in 30 mL glacial acetic acid and 20 mL 6 M phosphoric acid) and 1mL of
glacial acetic acid. Then the total mixture was incubated in a water bath maintaining
100 °C for 1 hour. The incubated mixture was transferred into a test tube and kept in
ice for cooling. After that 4 mL toluene was added to the cooled mixture and mixed
thoroughly by vortex mixture. After some time, the chromophore containing toluene
was read spectrophotometrically at 520 nm wavelength by transferring it to the upper

aqueous layer. To measure blank, toluene was used. The proline content was

33



determined by comparing it with the standard curve of known concentration of proline

and it was expressed through pm proline g~* FW.

3.16.2 Measurement of lipid peroxidation

Lipid peroxidation was calculated by measuring the Malondialdehyde (MDA) content
in fresh leaf tissue using the method of Heath and Packer (1968) with little
modifications as described by Hasanuzzaman et al. (2012b). A fresh leaf sample (0.5
g) was collected from each treatment and homogenized in 3 mL of 5% (w/v)
trichloroacetic acid (TCA) in ice-cold condition and then the homogenate was
centrifuged at 11,500xg for 15 minutes. After centrifuging the supernatant (1 mL) was
mixed with the thiobarbituric acid (4 mL, TBA) reagent. Then the mixture was heated
at 95 °C for 30 min in a water bath machine and then cooled in an ice bath again
centrifuging was repeated for 10 minutes. The absorbance reading of the colored
supernatant was read spectrophotometrically at 520 nm and corrected by submitting the
absorbance reading which was read at 600 nm. MDA content was calculated by using

extinction coefficient 155 mM™* cm™ and expressed as nmol g FW.

3.16.3 Determination of hydrogen peroxide content

Hydrogen peroxide determination was done by following the method given by Yu et
al. (2003). Fresh leaf tissue (0.5 g) was collected at kept in ice-cold condition. Then the
leaf tissue was homogenized properly with 3 mL of 50 mM potassium- phosphate (K-
P) buffer (pH 6.5) at 4 °C. The homogenate was centrifuged at 11,500x g for 15
minutes. The centrifuged 2 mL supernatant was mixed with 666.4 uL. of 0.1% TiClsin
20% H2SO04 (v/v) and was kept at room temperature for 10 minutes. After that, the
mixture was again centrifuged at 11,500 x g for 12 min. Then spectrophotometrically
the supernatant was read at 410 nm to determine H»O. content using extinction

coefficient 0.28 uM* cm™ and was expressed as nmol g~ FW.
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3.17 Procedure of sampling and measuring the fodder yield

3.17.1 Fodder yield

The fodder yield of the napier plants was measured at 50 days after sowing for all
together treatments. Three plants were randomly selected from each pot. Then the value

is made average to get fodder yield per pot.

3.18 Procedure of sampling and measuring the qualitative parameter

3.18.1 Acid detergent fibre

According to the method of Van soest et al., (1991), one gram (1 g) of the air-dried
sample was ground and passed to a 20 to 30 mess (1 mm) screen. Then, 100 mL cold
(room temperature) acid detergent solution and 2 mL decahydronaphthalene was added
and heated for 5 to 10 minutes. To avoid foaming, the heat was reduced when boiling
began; refluxed for 60 minutes from the onset of boiling, and then adjusted boiling to a
slow, even level. Then the solution was filtered on a previously tared Gooch crucible
(set on the filter manifold) and used the light suction. The filtered mat broke up with a
rod and washed two times with hot water (90°-100°) and rinsed the sides of the crucible
in the same manner. Repeated wash was done with acetone until it removes no more
color; broke up all lumps so that the solvent comes into contact with all particles of
fiber. Another optional wash was done with hexane. Hexane has been added while the
crucible still contains some acetone. (Hexane can be omitted if lumping is not a problem
in lignin analysis.) Sucked the acid-detergent fiber free of hexane and dry at 100° C.
for 8 hours or overnight and weigh. The acid-detergent fiber was calculated by

following-

Acid-detergent fiber = (Wo-Wt) (100)/S

Here, Wo=weight of oven-dry crucible including fiber;

Wi=tared weight of oven-dry crucible; iS = oven-dry sample weight
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3.18.2 Neutral detergent fibre

According to the method of Van soest et al., (1991). In a beaker with 1 0 0 ml of ND
and 50 p1 of heat-stable amylase (dietary fiber kit; Sigma catalog number A3306) added
before the beaker is put on heat, a 0.5-g sample is heated to boiling. If necessary, sodium
sulfite (.5 g) is now added. The sample is boiled for one hour and then filtered using
Whatman 54 paper (Whatman, Clifton, NJ) or a prepared coarse sintered glass crucible.
The ash content should be recorded or left out of the NDF due to the different soil
compositions in forages and feeds. The starch-specific enzyme is AOAC-approved,
stable to boiling, and insensitive to EDTA. Samples must be ground through a 1-mm

screen, but not any further because doing so might exacerbate filtering problems.

3.18.3 Dry matter

At the time of silo filling and after ensiling, samples were collected and subjected to
physical and proximate analysis. After about 1.5 months, the ensiled materials went a
physical test to assess the smell/odor, texture, color, and percentage of deterioration.
To calculate the dry matter and moisture contents, samples of various weights were
oven- and sun-dried. Each treatment's remaining ensiled samples from each treatment
were dried at 70 °C until they reached a consistent dry weight. Following the AOAC
(2005) guidelines, dried samples were crushed to a 40 mesh size before being evaluated

for dry matter.

3.18.4 Crude protein

At the time of silo filling and after ensiling, samples were collected and subjected to
physical and proximate analysis. After about 1.5 months, the ensiled materials went a
physical test to assess the smell/odor, texture, color, and percentage of deterioration.
To calculate the dry matter and moisture contents, samples of various weights were
oven- and sun-dried. For each treatment's remaining ensiled samples the remaining
ensiled samples from each treatment were dried at 70 °C until they reached a consistent
dry weight. Following the AOAC (2005) guidelines, dried samples were crushed to a

40 mesh size before being evaluated for crude protein (CP).
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3.18.5 Crude fiber

Crude fiber (CF) was also determined by AOAC (2005) method. At the time of silo
filling and after ensiling, samples were collected and subjected to physical and
proximate analysis. After about 1.5 months, the ensiled materials went a physical test
to assess the smell/odor, texture, color, and percentage of deterioration. To calculate
the dry matter and moisture contents, samples of various weights were oven- and sun-
dried. For each treatment's remaining ensiled samples the remaining ensiled samples
from each treatment were dried at 70 °C until they reached a consistent dry weight.
Following the AOAC (2005) guidelines, dried samples were crushed to a 40 mesh size

before being evaluated for crude fiber (CF).

3.18.6 Ash

At the time of silo filling and after ensiling, samples were collected and subjected to
physical and proximate analysis. After about 1.5 months, the ensiled materials went a
physical test to assess the smell/odor, texture, color, and percentage of deterioration.
To calculate the dry matter and moisture contents, samples of various weights were
oven- and sun-dried. For each treatment's remaining ensiled samples the remaining
ensiled samples from each treatment were dried at 70 °C until they reached a consistent
dry weight. Following the AOAC (2005) guidelines, dried samples were crushed to a

40 mesh size before being evaluated for Ash.

3.18.7 Organic matter percentage

Organic matter percent was calculated from the sample of 50 days after sowing and was
derived from the ash content of each treatment. To calculate the organic matter

percentage following formula was used:

OM (%) = 100-Ash content
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3.18.8 Hemicellulose

Hemicellulose was measured at 50 days after sowing. This data was also derived data
and converted from acid detergent fiber and neutral detergent fiber. The calculation was

done with the following formula:

Hemicellulose = Acid detergent fiber-Neutral detergent fiber

3.19 Statistical analysis

Data accumulated from different parameters were subjected to analysis of variance
(ANOVA) using CoStat v.6.400 (CoStat, 2008) a computer based software. Correlation
analysis was done considering Least Significant Difference (LSD) test at 5% level of

significance.
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CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Growth parameter

4.1.1 Plant height

Plant height has been significantly decreased under the different duration of stress
conditions compared to control one. The plant height has decreased by 23 and 17%
under drought and waterlogging conditions for 7 days, respectively, 40 and 27% under
drought and waterlogging for 14 days, respectively and 54 and 35% under drought and
waterlogging conditions for 21 days, respectively compared to control condition (Fig.
1A). Plant height reduction was severe in case of drought stress compared to

waterlogging conditions.
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 1. Plant height of napier grass at completion of different stress duration (A) and
at recovery (B). Mean (£SD) was calculated from three replicates for each
treatment. Values in a column with different letters are significantly different
at p <0.05 applying LSD test.

At 50 days after sowing, the highest plant height (107.38 cm) was observed from the
control plant and the lowest (57.67 cm) was from drought for 21 days. Plant height was
reduced significantly by 10, 18 and 47% under D1, D2, D3 and by 7, 16 and 34% under
WL1, WL2, WL3, respectively (Fig. 1B).
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Previous research has shown that water stress decreased seedling growth because it
reduced carbon acclimation and partitioning and inhibited cell growth (Jabbari et al.,
2013) and as a result, plant height decreased. Misra et al. (2020) also found a similar
result in case of sugarcane plant height. Khalid et al. (2018) similarly found comparable
outcomes in sugarcanes under drought stress. In case of waterlogging stress,
Promkhambut et al. (2010) found the same result of us. With the increase in the duration
of the waterlogging condition, the height was decreased up to 30%. This finding is also
agreed with the findings in wheat (Triticum aestivum) (Malik et al., 2001), ryegrass
(Lolium perenne L.) (Mcfarlane et al., 2004), maize (Zea mays L.) (Zaidi et al., 2004).

4.1.2 Shoot fresh weight

A noticeable change had occurred in case of shoot fresh weight compared to control.
Shoot fresh weight has been decreased by 59 and 18% under 7 days’ drought and
waterlogging, respectively, 81 and 41% under 14 days’ drought and waterlogging
condition, 95 and 81% under 21 days’ drought and waterlogging respectively compared
to control condition (Fig. 2A). Between both water stress, drought stress hamper

severely shoot fresh weight compared to waterlogging conditions.
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 2. Shoot fresh weight of napier grass at completion of different stress duration
(A) and at recovery (B). Mean (xSD) was calculated from three replicates for
each treatment. Values in a column with different letters are significantly
different at p < 0.05 applying LSD test.

At 50 days after sowing, the highest shoot fresh weight (28.32 g plant™) was observed
from the control plant and the lowest (3.12 g plant™!) was from 21 days’ drought-
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stressed plant. Shoot fresh weight was significantly reduced by 42, 54 and 89% under
D1, D2, D3 and 12, 42 and 77% under WL1, WL2, WL3, respectively compared to
control (Fig. 2B).

In case of the wheat plant, the same result was observed by Stallmann et al. (2020).
Above ground shoot fresh weight had decreased under drought conditions compared to
control conditions. This happens due to lower stomatal conductance and low carbon
dioxide assimilation (Catola et al., 2016). Reduced nutrient mobility within the soil,
nitrogen uptake by roots, and nutrient translocation to shoots during a water scarcity
may all be contributing factors. The coordination of growth-related processes during
drought is controlled by complicated signaling networks that include abscisic acid.
Wheat plants exposed to drought stress may have spent more on root development
and/or altered root architecture relative to shoot biomass, which is the typical response
to water scarcity to enhance water and nutrient intake from the soil (Boyle et al., 2016).
When there is waterlogging, the synthesis of carbohydrates and the absorption of
nutrients will be significantly reduced (Pampana et al., 2016). So, shoot fresh weight

decreased significantly.

4.1.3 Root fresh weight

Under water stress conditions, plant root weight has been reduced under drought
conditions and increased under waterlogging conditions compared to control condition.
In case of drought stress, root FW (fresh weight) has been decreased by 55% under 7
days’ stress, 73% under 14 days’ stress, and 89% under 21 days’ stress compared to
their respective control one. Root fresh weight has been increased by 145, 76 and 41%
under 7, 14 and 21 days of waterlogging stress compared to their respective control
plant, respectively (Fig. 3A).

At 50 days after sowing, the highest root FW (1.609 g plant™*) was found from the
control plant, and the lowest root FW (0.305 g plant™). Root FW has been decreased
significantly by 26, 45 and 81% under D1, D2, D3 and 61, 44 and 27% under WL1,
WL2, WL3, respectively compared to control (Fig. 3B).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 3. Root fresh weight plant™ of napier grass at completion of different stress
duration (A) and at recovery (B). Mean (xSD) was calculated from three
replicates for each treatment. Values in a column with different letters are
significantly different at p < 0.05 applying LSD test.

A similar result was observed under drought stress. Root fresh weight decreased sharply

with the increase of drought stress duration. Under mild and moderate waterlogging

conditions (7 & 14 days) root biomass has been increased though under severe

waterlogging (21 days) fresh weight of root was decreased compared to control. A

similar result was observed by Ploschuk et al. (2017). In another experiment with maize

root weight increased by 235.42% under waterlogging than control (Bajpai and

Chandra, 2015). The increasing fresh weight because of high root porosity allows

amazing internal tissue aeration through aerenchyma (Colmer and VVoesenek, 2009) for

which root growth was unaffected during waterlogging.

4.1.4 Shoot dry weight

Shoot dry weight has been reduced to a great extent under both drought and
waterlogging conditions. After 7 days of water stress, shoot DW (dry weight) has been
reduced by 54 and 39% under drought and waterlogging respectively compared to
control but data were statistically similar. Shoot DW has been reduced by 76 and 41%
under 14 days’ drought & waterlogging and 90 and 70% under 21 days’ drought &
waterlogging respectively compared to control condition (Fig. 4A).

At 50 days after sowing, the highest shoot dry weight (3.80 g plant™) was observed
from the control plant and the lowest (0.294 g plant™) was from drought for 21 days.
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Shoot dry weight was reduced by 16, 68 and 92% under D1, D2, D3 and 45, 62 and
76% under WL1, WL2, WL3, respectively compared to control (Fig. 4B).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 4. Shoot dry weight plant™* at completion of different stress duration (A) and at
recovery (B). Mean (£SD) was calculated from three replicates for each
treatment. Values in a column with different letters are significantly different
at p <0.05 applying LSD test.

When Ahmed et al. (2021) revealed the same results under 3 levels of drought stress.
Under severe drought stress, 65% & 68% shoot DW had decreased in case of BARI
chola-7 and BARI chola-9, respectively. A similar result was found that shoot DW
decreased with the increase of drought stress which agreed with previous studies (Nahar
et al., 2016; Hasanuzzaman et al., 2018c; Bhuiyan et al., 2019). Shoot dry weight was
decreased significantly under the waterlogging condition. In another study, shoot dry
weight of barley and wheat showed a significant decrease under waterlogging in
comparison with control Xu et al., 2022) being consistent with the results in previous
works (Liu et al., 2017; Xie and Shen, 2021).

4.1.5 Root dry weight

Root dry weight has been decreased under drought stress and increased under
waterlogging condition compared to control condition. Root DW (dry weight) has been
decreased by 60% under drought and increased by 60% under waterlogging conditions
after 7 days of water stress compared to the control one. Similarly, root DW has
decreased by 45% under drought & increased by 111% under waterlogging conditions

after 14 days of water stress and decreased by 78% under drought and increased by

43



14% under waterlogging conditions after 21 days of water stress compared to the

respective control plant (Fig. 5A).

At 50 days after sowing root DW has been reduced and the highest dry weight (0.519
g plant ™) was found in the control plant and the lowest dry weight (0.06 g plant™) was
found from drought for 21 days. Root DW was reduced by 47, 65 and 88% under D1,
D2, D3 and 61, 33 and 32% under WL1, WL2, WL3, respectively compared to control

(Fig. 5B).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 5. Root dry weight plant™ at completion of different stress duration (A) and at
recovery (B). Mean (xSD) was calculated from three replicates for each
treatment. Values in a column with different letters are significantly different
at p <0.05 applying LSD test.

Root dry weight was decreased significantly due to the reduction of carbohydrate
synthesis under drought conditions. In a study with barley and wheat, shoot dry weight
showed a significant decrease under drought in comparison with control (Xu et al.,
2022) being consistent with the results in previous works (Liu et al., 2017; Xie et al.,
2021). Under waterlogging, root dry weight had been increased by 4.02% in the case

of sugarcane (Misra et al., 2020).

4.1.6. Root length

Root length has been increased under both drought and waterlogging for 7 days, but
when stress duration was longer, the length has been increased under waterlogging but

decreased under drought. Root length has been increased by 20 and 93% under drought
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and waterlogging respectively compared to the control condition. In the case of 14 days’
stress, root length has been decreased by 2% and increased by 86% under drought and
waterlogging respectively compared to control. Root length has been decreased by 4
and increased by 65% under 21 days of drought and waterlogging respectively (Fig.
6A).

After 50 days of sowing, the highest root length (33.52 cm) was found from 14 days of
the waterlogged plant, and the lowest root length (11.50 cm) from 21 days of the
drought-stressed plant. Root length was increased by 14, 3 and decreased by 31% under
D1, D2, and D3, respectively compared to control. Root length has been increased by
9, 101 and 92% under WL1, WL2, and WL3, respectively compared to control (Fig.

6B).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 6. Root length of napier grass at completion of different stress duration (A) and
at recovery (B). Mean (£SD) was calculated from three replicates for each
treatment. Values in a column with different letters are significantly different

atp <0.05 applying LSD test.

With the intensity of the water stress, root length dramatically increased, although root
fresh weight and root dry weight decreased. Under moderately stressed plants of both
types, drought stress produced the longest roots. In drought-stressed plants, maximum
extraction of the soil moisture reserves is required to make it available for transpiration,
and this might be accomplished through a root structure-related adaptation process.
Root fresh and dry weight decreased but root length grew in alfalfa during PEG-induced
drought stress (Zeid and Shedeed, 2006). Accordingly, Alghabari and lhsan (2018)
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found that at 50% FC, barley had the longest roots but the smallest roots in terms of

fresh and dry weight due to a shortage of water availability.

4.1.7 Root-shoot ratio

The root-shoot ratio has been increased under both drought and waterlogging
conditions. Root-shoot ratio has been increased by 55 and 120% under 7 days of
drought and waterlogging conditions, respectively, 71 and 125% under 14 days of
drought and waterlogging conditions, respectively and by 56 and 111% under 21 days
of drought and waterlogging conditions, respectively compared to control condition.

The increase was significant under waterlogging conditions compared to drought (Fig.

7A).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 7. Root-shoot ratio of napier grass at completion of different stress duration (A)
and at recovery (B). Mean (£SD) was calculated from three replicates for
each treatment. Values in a column with different letters are significantly

different at p < 0.05 applying LSD test.

At 50 days after sowing, the root-shoot ratio has been increased in case of all treatments
compared to the control. Highest RSR (root-shoot ratio) (0.4) was found from
waterlogged for 21 days and the lowest RSR (0.17) was found from the control plant.
Root-shoot ratio was increased by 13, 6 and 35% under D1, D2, D3 and 11, 112 and
131% under WL1, WL2, WL3, respectively compared to control (Fig. 7B).

Root-shoot ratios (R/S) that are higher in Napier grass early stages of Mulato Il during

a drought imply that Napier grass spends more assimilation in root formation at these
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times than in Mulato I1. conditions. Resource allocation for root growth is increased is
believed to enhance water intake and, as a result, drought adaptation (Chimungu et al.,
2014). However, under a drought, greater root development could not offer much if a
bigger shoot, which requires more water, is also advantageous (Palta et al., 2011; Vadez
et al., 2013). It's possible functionally defined water absorption vs. water loss by the

root length-to-leaf area ratio (RL/LA) (Comas et al., 2013).

4.1.6. Root branch

Root branches have been decreased under drought stress and increased under
waterlogging condition compared to control condition. Root branches have decreased
by 56% under drought and increased by 70% under waterlogging conditions after 7
days of water stress compared to the control one. Similarly, the root branch has
decreased by 49% under drought & increased by 60% under waterlogging conditions
after 14 days of water stress and decreased by 59% under drought and increased by
14% under waterlogging conditions after 21 days of water stress compared to the

respective control plant (Fig. 8A).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 8. Root branch number of napier grass at completion of different stress duration
(A) and at recovery (B). Mean (£SD) was calculated from three replicates for
each treatment. Values in a column with different letters are significantly
different at p < 0.05 applying LSD test.

At 50 days after sowing, the root branch increased under waterlogging conditions and
the highest root branch number (21.61) was found from waterlogging for 21 days and
the lowest root branch number (7.88) was found from drought for 21 days. Root branch
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was increased by 4% and reduced by 16 and 52% under D1, D2, D3 respectively and
reduced by 3%, and increased by 5 and 32% under WL1, WL2, WL3, respectively
compared to control (Fig. 8B).

4.2 Physiological parameter

4.2.1 SPAD value

SPAD value of leaf has been reduced under drought and waterlogging at different
durations compared to control. At 7 days durated stress, the SPAD value has been
reduced by 19% & 21% under drought & waterlogging conditions compared to control
and the SPAD value is more or similar under both stress. SPAD value has been reduced
by 24 and 51% under 14 days durated drought & waterlogging conditions, respectively
and by 34 and 57% under 21 days durated drought & waterlogging conditions,
respectively. The reduction was more in case of waterlogging conditions than drought
stress (Fig. 9A).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 9. SPAD value of napier grass at completion of different stress duration (A) and
at recovery (B). Mean (xSD) was calculated from three replicates for each
treatment. Values in a column with different letters are significantly different
atp <0.05 applying LSD test.

At 50 days after sowing, the highest SPAD value (43.49) was observed from the control

(well-watered) condition and the lowest (29.92) was from 21 days of waterlogged

plants. SPAD value has been reduced by 6, 9 and 11% under D1, D2, and D3,

respectively, and reduced by 5 and 14 and 31% under WL1, WL2, WL3, respectively
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compared to control. The SPAD value was similar in the case of control and drought &

waterlogging except for WL3 (Fig. 9B).

Under waterlogging, the SPAD value decreased by 10.49% compared to the control
(Bajpai and Chandra, 2015). Chlorophylls are essential for photosynthesis and photo
assimilation and can be utilized to detect the senescence of leaves (Anee et al., 2019;
Manik et al., 2019). Owing to waterlogging, chlorophyll is degraded to allow nitrogen
to be remobilized to younger leaves (Herzog et al., 2016; Fukao et al., 2019). One of
the most obvious symptoms of leaf senescence is the degradation of chlorophyli
(Brickman et al., 2019). The fall in SPAD values, which are highly connected with
chlorophyll content, previous research has shown that waterlogging accelerates leaf
senescence and reduces photosynthetic capability (Tian et al., 2019; Ren et al., 2016Db).
In our experiment, waterlogging caused decreases in the SPAD to varying degrees,
indicating that waterlogging caused the chlorophyll in the functional leaves on the main
peanut stem to deteriorate and reduced the photosynthetic capacity, which supported
earlier research findings (Ahmed et al., 2006).

4.2.2 Relative water content

Relative water content (RWC) has been reduced under drought and increased under
waterlogging when stress was imposed for 7 and 14 days’ duration but reduced under
both stress conditions when stress was imposed for 21 days. RWC has been reduced by
7% under drought and increased by 2% under waterlogging of 7 days and reduced by
12% under drought of 14 days. When water stress was imposed for 21 days, RWC has
been reduced by 30 and 6% under drought & waterlogging conditions respectively

compared to control (Fig. 10A).

At 50 days after sowing, the highest RWC (87.23%) was observed from D1 (7 days’
drought stress) condition and the lowest (72.69%) was from 21 days of waterlogged
plants. Relative water conditions have been increased by 11, 10 and 11% under D1, D2,
and D3 respectively, and increased by 7, 5 and reduced by 3% under WL1, WL2, WL3,

respectively compared to control (Fig. 10B).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 10. Relative water content of napier grass at completion of different stress
duration (A) and at recovery (B). Mean (xSD) was calculated from three
replicates for each treatment. Values in a column with different letters are
significantly different at p < 0.05 applying LSD test.

Under drought stress, the relative water content of the leaves in both types of chickpea
such as BARI Chola-7 and BARI Chola-9, plants had the lowest RWC under extreme
drought stress by 36 and 30%, respectively compared to control (Ahmed et al., 2021).
Shariatmadari et al. (2017) stated that leaf RWC decreased with the increase of drought
stress levels at 70, 50, and 30% FC in C. arietinum. Plant tolerant to osmotic stress
brought on by waterlogging has been discovered to be significantly influenced by
relative leaf water content. In our investigation, waterlogging causes the RWC content
in napier to be significantly decreased (Figure 10). Reduced leaf RWC is a sign that
there is not enough water available for cell growth (Katerji et al., 1997). Even though
there was plenty of water available in the wet circumstances, RWC decreased.
Withering is induced which impeded the root's permeability (Ashraf, 2012). A similar

drop in RWC owing to waterlogging was also noted in mung beans (Kumar et al., 2013)
and sesame (Anee et al., 2019).
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4.3 Biochemical parameter

4.3.1 Proline content

Proline content is an indicator of antioxidant defence element and generally, increase
when a plant faces stress condition. Proline content has been increased by 5669 and
282% under drought & waterlogging of 7 days, 937 and 396% under 14 days of drought
and waterlogging and 302 and 99% under drought and waterlogging condition for 21
days, respectively compared to their control condition. In the case of drought stress,

proline was higher than in waterlogging conditions (Fig. 11A).

At 50 days after sowing, proline content has been increased in case of all treatments
compared to control. The highest proline content (3.34 pg g+ FW) was found in control
plants and the lowest proline content (1.07 pug gt FW) was found from 7 days
waterlogged plant. Proline content has been decreased by 48, 25 and 21% under D1,
D2, D3 and 68, 30 and 22% under WL1, WL2, WL3, respectively compared to control.
But the values were statistically similar (Fig. 11B).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 11. Proline content of napier grass at completion of different stress duration (A)
and at recovery (B). Mean (£SD) was calculated from three replicates for
each treatment. Values in a column with different letters are significantly
different at p < 0.05 applying LSD test.

Other results also showed that proline concentration has been increased in all grass
species in response to drought. According to Bandurska and Jézwiak (2010), the

accumulation of proline depends on many factors such as plant age, which may explain
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a higher concentration of proline was characterized by the highest increase of this
osmolyte. Proline seems to be associated with a better drought tolerance grass species,
which was also suggested by Perlikowski et al. (2014) and Fariaszewska et al. (2016).
Under waterlogging, proline was also increased with the increase of waterlogging
duration (Bajpai and Chandra, 2015).

4.3.2 Malondialdehyde content

Malondialdehyde (MDA) content is also known as a lipid peroxidation indicator and is

increased under stress conditions. Malondialdehyde content has been increased by 26
and 62% under drought & waterlogging for 7 days, 35 and 75% under 14 days of
drought & waterlogging and 66 and 86% under drought and waterlogging condition for
21 days respectively compared to their control condition. In case of the waterlogging

condition, MDA content was higher than in drought conditions (Fig. 12A).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 12. Malondialdehyde content of napier grass at completion of different stress
duration (A) and at recovery (B). Mean (xSD) was calculated from three
replicates for each treatment. Values in a column with different letters are
significantly different at p < 0.05 applying LSD test.

At 50 days after sowing, MDA content has been increased in case of all treatments
compared to control. The highest MDA content (64.95 nmol g~* FW) was found from
21 days waterlogged plant and the lowest MDA content (20.99 nmol g~ FW) was found
from the control plant. Malondialdehyde content has been increased by 16, 99 and
114% under D1, D2, D3 and 43, 78 and 209% under WL1, WL2, WL3, respectively
compared to control (Fig. 12B).
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Several experiments showed that drought-induced ROS generation, including H20., Oa,
and OH", among many others, protein and lipid has severe damage and, as a result,
stress affects membrane function (Miller et al., 2010; Liu et al., 2013; Ye et al., 2016).
The rapeseed seedlings in a study demonstrated enhanced ROS generation, and lipid
peroxidation (increased MDA level) indicating membrane damage as a result of
drought. In another study, after waterlogging stress was applied, black gram genotypes
showed an instantaneous increase in lipid peroxidation and cell membrane damage
(Bansal et al., 2019). It exhibits decreased membrane stability, as well as Proteins
injury resulting from ROS produced during waterlogging. Earlier research suggested
that free cell surface peroxidation brought on by radicals shows cellular damage
brought on by stress. MDA increased significantly as a result of waterlogging (Jain et
al., 2011). A similar result was found by Singh et al. (2017) when working with mung

beans.

4.3.2 Hydrogen peroxide content

Hydrogen peroxide (H20.) content has been increased under both drought and
waterlogging conditions compared to the control condition. Hydrogen peroxide has
been increased by 68 and 211% under drought and waterlogging for 7 days, 45 and
292% under 14 days of drought & waterlogging and 53 and 260% under drought and
waterlogging condition for 21 days respectively compared to their control condition. In
case of the waterlogging condition, H202 was higher than in drought conditions (Fig.
13A).

At 50 days after sowing, H2O2 content has been increased in case of all treatments
compared to control. The highest H20- content (8.46 umol g* FW) was found in 21
days waterlogged plant and the lowest H,O, content (2.80 umol g™t FW) was found in
the control plant. Malondialdehyde content has been increased by 64, 100 and 171%
under D1, D2, D3 and 113, 134 and 195% under WL1, WL2, WL3, respectively
compared to control (Fig. 13B).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 13. Hydrogen peroxide content of napier grass at completion of different stress
duration (A) and at recovery (B). Mean (xSD) was calculated from three
replicates for each treatment. Values in a column with different letters are
significantly different at p < 0.05 applying LSD test.

Under any stress condition, ROS production is increased. So, the H20; increase is due
to this reason. Compared with seedling growth under normal conditions (0.00 MPa),
under the drought stress conditions (— 0.3 MPa) a sharp rise in H20> content by 92%,
ZY 36 compared with SG 127 for which a 42% increase in H20,. The ROS produced
due to impairment of the photosynthesis apparatus are very reactive and the oxidation
of nucleic acids, lipids, carbohydrates, and proteins occurs and as well as damages to
the cell membrane (Sabra et al., 2012). A similar result was observed where, H20> has
been increased by 9 folds compared with control in maize under waterlogging stress
(Asha et al., 2021). Numerous biological molecules and metabolites are harmed by
these ROS because of their high reactivity (Ashraf, 2009). Hydrogen peroxide (H203)
levels increased in both resistant and sensitive maize genotypes following waterlogging
stress, although the sensitive genotype showed considerably greater H.O, content under

waterlogging circumstances, according to Yadav and Srivastava (2017).
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4.4 Yield parameter

4.4.1 Fodder yield

Fodder yield decreases with the increase of stress duration. The reduction was severe
under drought. Fodder yield has been reduced under drought and waterlogging
compared to control. At recovery, the highest fodder yield (29.35 g plant™) was
observed from the control condition and the lowest (3.52 g plant™) was from 21 days
waterlogged plants. Fodder yield has been reduced by 3, 43 and 88% under D1, D2,
and D3, respectively, and reduced by 35, 54 and 74% under WL1, WL2, WLS3,
respectively compared to control (Fig. 14).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 14. Fodder yield of napier grass at recovery. Mean (xSD) was calculated from
three replicates for each treatment. Values in a column with different letters
are significantly different at p < 0.05 applying LSD test.

A similar result was found by Purbajanti et al. (2012). Guinea grass decreased 25.9%
after three times stress compared to control and napier decreased 22.20% forage yield
compared to control. Somegowda et al. (2021) experimented with sorghum and
observed the same result. Water stress, however, has been shown to lower the fodder
output and growth parameters in (Perrier et al., 2017). Furthermore, Nouri et al. (2020)
showed that reduced vegetative traits were influenced by the field's decreasing soil

moisture level.
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4.5 Qualitative parameter

4.5.1 Acid detergent fibre

Acid detergent fibre (ADF) content was calculated only at 50 days after sowing. The
ADF content has been reduced under both drought and waterlogging stress condition.
Highest ADF (47.67%) was found in the control plant and the lowest ADF (40.75%) in
21 days’ drought-stressed plant. Acid detergent fibre was reduced by 5, 9 and 5% under
D1, D2,D3and 1, 3 and 4% under WL1, WL2, WL3, respectively compared to control.
Under waterlogging conditions, ADF contents were statistically similar (Fig. 15).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 15. Acid detergent fibre of napier grass at recovery. Mean (£SD) was calculated
from three replicates for each treatment. Values in a column with different
letters are significantly different at p < 0.05 applying LSD test.

Kuchenmeister et al. (2013) also found a similar result when they worked with forage.
ADF decreased when exposed to water stress. ADF content offers a forecast of cellulose
and lignin, which have a negative impact on forage digestibility. ADF concentrations
that are lower might cause an improvement in the forage's digestibility and higher use
of plants. Moore et al. (2008) reported that longer water stress exposure makes it harder

for plants to change their cell membranes to maintain growth in conditions with lowered
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water potential. These findings were published in accord with other research findings
indicating that plants' ADF content dropped as a result of water stress. Kiichenmeister
et al. (2013) found a decrease in the ADF % of perennial forage legumes under intense
stress. Abid et al. (2016) reported Because, in extreme water conditions, alfalfa's ADF

levels decreased stress.
4.5.2 Neutral detergent fibre

Neutral detergent fibre (NDF) content was calculated only at 50 days after sowing. The
NDF content has been reduced under both drought and waterlogging stress condition.
Highest NDF (77.47%) was found in the control plant and the lowest NDF (58.98%)
from 21 days stressed plant. Acid detergent fibre was reduced by 9, 18 and 24% under
D1, D2, D3 whereas D2 and D3 are statistically similar and 1, 2 and 5% under WL1,
WL2, WL3, respectively compared to control. Under drought conditions, drought for
14 days and 21 were similar and under waterlogging conditions, NDF contents were

statistically similar (Fig. 16).

il

WL2 WL3

(s} = (@) ~1 o
= n ] n o=
1 1 1 1 ]

NDF content (% DM)
s

o
1

Treatments

Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 16. Neutral detergent fibre of napier grass at recovery. Mean (xSD) was

calculated from three replicates for each treatment. Values in a column with
different letters are significantly different at p < 0.05 applying LSD test.
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NDF serves as a marker for cell wall elements. (containing lignin, cellulose, and
hemicellulose) and is negatively associated with forage quality. Many variables
commonly affect the fibre concentration of the plant's stage of development, the leaf-
to-stem ratio, and climate factors (drought, temperature). According to Fulkerson et al.
(2007), lower NDF and ADF concentrations are related to delayed maturity in plants
under drought conditions. Research by Kiichenmeister et al. (2013) revealed that NDF
levels drop while under a lot of stress. Abid et al. (2016) studied how various irrigation
amounts affected three populations of alfalfa and their nutritional quality. They reported
that fibres are significantly affected by drought. The amount of NDF dropped from
41.33 to 25% of the field under control circumstances to 35.73% capacity.

4.5.3 Dry matter content

The DM content has been reduced under both drought and waterlogging stress
conditions with the increase in the duration of stress. Highest DM (86.99%) was found
from 7 days waterlogged plant and the lowest DM (82.48%) from 21 days of a drought-
stressed plant. Dry matter content was reduced by 9, 18 and 24% under D1, D2, D3
whereas D2 & D3 are statistically similar and 1, 2 and 5% under WL1, WL2, WL3,
respectively compared to control. Under both drought and waterlogging conditions,

there was no difference from the control in DM content (Fig. 17).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 17. Dry matter content of napier grass at recovery. Mean (£SD) was calculated
from three replicates for each treatment. Values in a column with different
letters are significantly different at p < 0.05 applying LSD test.

Balazadeh et al. (2021) also found the same result in case of dry matter under drought
stress. Reduced soil water content makes it more difficult for roots to absorb nutrients
like nitrogen and phosphorus, which limits growth, development, and yield. Reduced
transpiration also lessens the soil's ability to transmit nutrients to plants, decreasing soil
moisture affects roots and growth from root to shoot. Cellular photosynthesis and Under
water stress, growth would be the first function to be constrained (Munns et al., 2006).
Stomatal conductivity declines under mild drought stress, reducing CO; availability and
reducing photosynthesis in the process. Under drought stress, DM yield decreased
additional investigations (Jahanzad et al., 2013; Marsalis et al., 2009; Vasilakoglou et
al., 2011) have also reported on these situations.

4.5.4 Crude protein

Crude protein (CP) content was calculated only at 50 days after sowing. The CP has
increased with the increase of duration of stress under both drought and waterlogging
conditions. Highest CP (11.39%) was found from 21 days’ of drought-stressed plant
and the lowest CP (8.485%) from 7 days’ of waterlogged plant. Crude protein was
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increased by 9, 18 and 24% under D1, D2, D3 whereas D2 and D3 are statistically
similar and 1, 2 and 5% under WL1, WL2, WL3, respectively compared to control.
Under both drought and waterlogging conditions, there was no difference in CP content
between the treatments (Fig. 18).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 18. Crude protein of napier grass at recovery. Mean (xSD) was calculated from
three replicates for each treatment. Values in a column with different letters
are significantly different at p < 0.05 applying LSD test.

Crude protein content increased by 8.36 % and 18.62 % under moderate and severe

water stresses, respectively. (Taiz and Zeiger, 2010). Crude protein content has a

significant part in raising the quality of fodder crops (Sun et al., 2018). Nitrogen uptake,

which is the cause of the CP concentration, and the availability of water have a big
impact. They explain how plants expand their root and surface area. length density that
is conducive to mild water stress absorption of nutrients by Li et al. (2013). Similar
findings have been reported by researchers on how water stress affects the protein
amount of plant life. According to Rostamza et al. (2011), As a result of stress, pearl
millet's CP% rose. Bibi et al. (2012) demonstrated that rising moisture stress elevated
crude protein content in sorghum-sudangrass hybrids; Meisser et al. (2016) and

Fariaszewska et al. (2017) found that minor water stress drastically reduced the fodder

grasses' protein content was raised. Khalil et al. (2018) claimed that raising crude

protein percentage fell under water stress.
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455 Crude fibre

Crude fibre (CF) content was calculated only at 50 days after sowing. The CF has
decreased with the increase in the duration of stress under both drought and
waterlogging conditions. Highest CF (24.23%) was found in the control plant and the
lowest CF (17.83%) in 21 days’ drought-stressed plant. Crude fibre was reduced by 10,
13 and 26% under D1, D2, D3 whereas D1, D2 and D3 are statistically similar and 2, 7
and 15% under WL1, WL2, WL3 respectively compared to control. Under both drought
and waterlogging conditions, there was no difference in CF content between the
treatments (Fig. 19).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 19. Crude fibre of napier grass at recovery. Mean (xSD) was calculated from
three replicates for each treatment. Values in a column with different letters
are significantly different at p < 0.05 applying LSD test.

Crude fibre content was reduced by increasing water stress severity. The highest CF
(55.5 g/kg DM) was observed in non-stress conditions. This trait decreased by 4.86 %
and 8.83%, respectively under moderate and severe water stress. According to
Onwugbuta-Enyi (2004), water-stressed plants had very low crude fibre concentrations
in their cowpea seedlings. According to research by Bibi et al. (2012), sorghum-

sudangrass hybrids' crude fibre is reduced during water stress as opposed to under
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regular watering. African basil (Ocimum gratissimum L.) and Bushbuck leaves have
significantly less crude fibre content when exposed to water stress, according to
research by Osuagwu and Edeoga (2013).

4.5.6 Ash content

Ash content was calculated only at 50 days after sowing. The ash content has increased
with the increase in the duration of stress under both drought and waterlogging
conditions. The highest ash (21.1%) was found from the control plant and the lowest
ash (13.08%) from 7 days' waterlogged plant. Ash content has been increased by 23, 34
and 67% under D1, D2, D3 and 8, 30 and 31% under WL1, WL2, WL3, respectively
compared to control. Under both drought and waterlogging conditions, there was no

difference in ash content between the treatments (Fig. 20).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 20. Ash content of napier grass at recovery. Mean (xSD) was calculated from
three replicates for each treatment. Values in a column with different letters
are significantly different at p < 0.05 applying LSD test.

Similarly, our results are agreed with Sarker et al. (2021) and Maleko et al. (2019).

When working with napier variety, they found increasing ash content with the increase

of drought stress.
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4.5.7 Organic matter percent

Organic matter percentage (OM%) was calculated only at 50 days after sowing. The
OM% has decreased with the increase in the duration of stress under both drought and
waterlogging conditions. Highest OM (87.9%) was found in the control plant and the
lowest OM (89.84%) from 21 days’ drought stressed plant. Organic matter percentage
was reduced by 3, 5 and 9% under D1, D2, D3 and 1, 4 and 4% under WL1, WL2, WL3
respectively compared to control. Under both drought and waterlogging conditions,

there was no difference in OM% between the treatments (Fig. 22).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 21. Organic matter percentage of napier grass at recovery. Mean (xSD) was

calculated from three replicates for each treatment. Values in a column with
different letters are significantly different at p < 0.05 applying LSD test.
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4.5.8 Hemicellulose

The hemicellulose has decreased with the increase in the duration of stress under both
drought and waterlogging conditions. The highest hemicellulose (29.88%) was found
from 7 days waterlogged plant and the lowest hemicellulose (18.23%) from 21 day’s
drought-stressed plant. Hemicellulose was reduced by 2, 33 and 39% under D1, D2, D3
and 1, 1 and 7% under WL1, WL2, WL3, respectively compared to control (Fig. 23).
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Here, C= Control, D1= Drought for 7 days, D2= Drought for 14 days, D3= Drought for 21 days,
WL 1= Waterlogging for 7 days, WL2= Waterlogging for 14 days, WL3= Waterlogging for 21 days.

Figure 22. Hemicellulose content of napier grass at recovery. Mean (£SD) was
calculated from three replicates for each treatment. Values in a column with
different letters are significantly different at p < 0.05 applying LSD test.

However, in other studies, drought-treated plants of all genotypes consistently had a
significantly higher content of hemicellulosic polysaccharides than their respective
control plants. Some of the differences may also be explained by differences in the
duration of the applied drought (Jiang et al., 2012; Emerson et al., 2014; Rakszegi et
al., 2014). Long-term drought exposure, plants force to change the structure of their
cell walls to maintain cell growth with lower water potential. Hemicelluloses reinforce
the cell wall matrix by cross-linking to lignin and cellulose fibres, which increases the
stiffness of the cell wall (Gall et al., 2015).
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Chapter V

SUMMARY AND CONCLUSION

The experiment was conducted at the experimental shed of the Department of
Agronomy, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, to investigate
the morphological, physiological, biochemical, and qualitative responses of napier
grass under different levels of water stress. The experiment was arranged in a
completely randomized design (CRD) with three replications. Seedlings were grown in
a controlled environment where drought and waterlogging stress were imposed on
napier grass for 7, 14 and 21 days. The data were taken by sampling the leaves after the
completion of each stress period. There were about 10 seedlings maintained in each
pot. Different data on morphology (plant height, shoot FW plant?, shoot DW plant,
root FW plant, root DW plant?, root length plant™, root-shoot ratio, and root branch
number plant?), physiology (SPAD value, leaf RWC) and biochemical (Pro content,
MDA content and H20- content), yield (fodder yield), qualitative (ADF, NDF, DM
content, ash, CP, CF, moisture, OM percentage, hemicellulose) were measured to
investigate the responses of napier grass.

Plant height was reduced significantly under different duration of drought and
waterlogging. Plant height was decreased by 23, 40 and 54% under 7, 14 and 21 days
durated drought and 17, 27 and 35% under 7, 14, 21 days durated waterlogging stress,
respectively. At the 50 days after sowing, the highest (107.38 cm) plant height was
observed from control plant and lowest (57.67 cm) plant height was from 21 days

durated drought stressed plant.

A prominent change was occurred in shoot FW and shoot DW. Shoot FW was
decreased by 59, 81 and 95% under 7, 14 and 21 days durated drought and 18, 41 and
81% under 7, 14, 21 days durated waterlogging stress, respectively. At the 50 days
after sowing, the highest (28.32 g plant™) plant height was observed from control plant
and lowest (3.12 g plant™) plant height was from 21 days durated drought stressed
plant. Shoot DW was decreased by 54, 76 and 90% under 7, 14 and 21 days durated
drought and 39, 41 and 70% under 7, 14, 21 days durated waterlogging stress,
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respectively. At the 50 days after sowing, the highest (3.80 g plant ) plant height was
observed from control plant and lowest (0.294 g plant™?) plant height was from 21 days

durated drought stressed plant.

Root FW and root DW both also decreased under drought of different duration. In case
of waterlogging stress, both parameters have increased compared to control. At 50 days
after sowing the highest (1.609 g plant™) root FW was observed from control plant and
lowest (0.305 g plant™) root FW was from 21 days durated drought stressed plant. At
50 days after sowing the highest (0.519 g plant ™) root DW was observed from control
plant and lowest (0.06 g plant™) root DW was from 21 days durated drought stressed
plant.

Root length has been increased under both drought and waterlogging for 7 days, but
when stress duration was longer, the length has been increased under waterlogging but
decreased under drought. After 50 days of sowing, the highest root length (33.52 cm)
was found from 14 days of the waterlogged plant, and the lowest root length (11.50 cm)
from 21 days of the drought-stressed plant. The root-shoot ratio has been increased
under both drought and waterlogging conditions. Root-shoot ratio was increased by 55,
71 and 56% % under 7, 14 and 21 days durated drought and 120, 125 and 111% under
7, 14, 21 days durated waterlogging stress, respectively. At 50 days after sowing, the
root-shoot ratio has been increased in case of all treatments compared to the control.
Highest RSR (root-shoot ratio) (0.4) was found from waterlogged for 21 days and the
lowest RSR (0.17) was found from the control plant.

SPAD value decreased under drought and waterlogging stress. SPAD value was
decreased by 19, 24 and 34% under 7, 14 and 21 days durated drought and 21, 51 and
57% under 7, 14, 21 days durated waterlogging stress, respectively. At 50 days after
sowing, the highest SPAD value (43.49) was observed from the control (well-watered)
condition and the lowest (29.92) was from 21 days of waterlogged plants.

Relative water content (RWC) has decreased under drought but increased under
waterlogging stress. SPAD value was decreased by 7, 12 and 27% under 7, 14 and 21
days durated drought and 2% increased under 7 days waterlogging and 6% decreased

under 21 days durated waterlogging stress, respectively. At 50 days after sowing, the
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highest RWC (87.23%) was observed from D1 condition and the lowest (72.69%) was
from 21 days of waterlogged plants.

Biochemical parameter, like proline content, MDA content and H20. content has
increased under both types of water stress. Proline content increased significantly. In
the case of drought stress, proline was higher than in waterlogging conditions. At 50
days after sowing, proline content has been increased in case of all treatments compared
to control. The highest proline content (3.34 pg g * FW) was found in control plants
and the lowest proline content (1.07 pg gt FW) was found from 7 days waterlogged
plant. Malondialdehyde content increased by 26, 35 and 66% under 7, 14 and 21 days
durated drought and 62, 75 and 86% under 7, 14, 21 days durated waterlogging stress,
respectively. At 50 days after sowing, MDA content has been increased in case of all
treatments compared to control. The highest MDA content (64.95 nmol g~ FW) was
found from 21 days waterlogged plant and the lowest MDA content (20.99 nmol g

FW) was found from the control plant.

Hydrogen peroxide (H20.) content has been increased under both drought and
waterlogging conditions compared to the control condition. Hydrogen peroxide has
been increased by 68 and 211% under drought & waterlogging for 7 days, 45 and 292%
under 14 days of drought & waterlogging and 53 and 260% under drought and
waterlogging condition for 21 days respectively compared to their control condition. At
50 days after sowing, H2O> content has been increased in case of all treatments
compared to control. The highest H20- content (8.46 umol g~* FW) was found in 21
days waterlogged plant and the lowest H,O, content (2.80 umol g™t FW) was found in

the control plant.

Fodder yield decreased by 58, 85 and 93% under 7, 14 and 21 days durated drought
stress and 18, 26 and 73% under 7, 14 and 21 days durated waterlogging stress. At 50
days after sowing, the highest fodder yield (29.35 g plant™) was observed from the
control (well-watered) condition and the lowest (3.52 g plant™) was from 21 days

waterlogged plants.

Fodder quality parameters also showed the response to stress conditions. The ADF

content has been reduced under both drought and waterlogging stress condition.
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Highest ADF (47.67%) was found in the control plant and the lowest ADF (40.75%) in
21 days’ drought-stressed plant. The NDF content has been reduced under both drought
and waterlogging stress condition. Highest NDF (77.47%) was found in the control
plant and the lowest NDF (58.98%) from 21 days stressed plant. The DM content has
been reduced under both drought and waterlogging stress conditions with the increase
in the duration of stress. Highest DM (86.99%) was found from 7 days waterlogged
plant and the lowest DM (82.48%) from 21 days of a drought-stressed plant.

The CP has increased with the increase of duration of stress under both drought and
waterlogging conditions. Highest CP (11.39%) was found from 21 days’ of drought-
stressed plant and the lowest CP (8.485%) from 7 days’ of waterlogged plant. The CF
has decreased with the increase in the duration of stress under both drought and
waterlogging conditions. Highest CF (24.23%) was found in the control plant and the
lowest CP (17.83%) in 21 days’ drought-stressed plant. The ash content has increased
with the increase in the duration of stress under both drought and waterlogging
conditions. The highest ash (21.1%) was found from the control plant and the lowest

ash (13.08%) from 7 days' waterlogged plant.

The OM% has decreased with the increase in the duration of stress under both drought
and waterlogging conditions. Highest OM (87.9%) was found in the control plant and
the lowest OM (89.84%) from 21 days’ drought stressed plant. The hemicellulose has
decreased with the increase in the duration of stress under both drought and
waterlogging conditions. The highest hemicellulose (29.88%) was found from 7 days
waterlogged plant and the lowest hemicellulose (18.23%) from 21 day’s drought-

stressed plant.

Considering these responses, we can conclude that the reduction was higher under
drought conditions than in waterlogging. Root length, root shoot ratio, proline,
malondialdehyde (MDA) and H2O> content were higher under stress conditions
compared to control. Drought-stressed plants were more severely affected than
waterlogged one. At 50 days after sowing, plant height, shoot fresh weight, shoot dry
weight and fodder yield were decreased in plants stressed for longer periods. Root fresh
weight, root dry weight, root length and root branch were decreased in plants stressed

for 21 days, whereas increased under waterlogging. Proline, MDA and H>O content

68



were increased upon exposure to the long duration of stress. As plants stressed for 7
days got the highest days for recovery, so it showed better performance and even better
than control. Our experiment concludes that napier grass is more sensitive to drought
than waterlogging in case of morphology and plants also recovered more efficiently in
case of waterlogging than drought. In case of oxidative damage, drought-exposed plants

showed more tolerant capacity compared to waterlogged plants.
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APPENDICES

Appendix I. Phenotypic pictures of napier grass under different water stress treatment
and recovery

Plate 2. Napier grass after 7 days’ recovery
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Plate 4. Napier grass after 14 days’ recovery
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Plate 5. Napier grass after 21 days’ stress treatments

Plate 6. Napier grass after 21days’ recovery
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APPENDIX Il. Phenotypic pictures of napier grass at 50 days after sowing

Plate 7. Napier grass at 50 days after sowing

Plate 8. Napier grass at 50 days after sowing
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Appendix I1l. Map showing the location of the experiment
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Appendix IV. Monthly average air temperature, rainfall, and relative humidity of

the experiment site during the period from April 2021 to Julye 2021

Air temperature (°C) Relative Total
Months . — humidity rainfall
Maximum Minimum (%) (mm)
April, 2021 33.7 23.6 71 156.3
May, 2021 32.9 24.5 76 339.0
June, 2021 32.1 26.1 82 340.4
July, 2021 31.4 26.2 83 373.3

Appendix V. Mean square values and degree of freedom (DF) of plant height, shoot
and root fresh weight, shoot dry weight, and root dry weight at different

stress duration (drought and waterlogging)

Mean square values

Source of Shoot Root Root
variance DF hF;Iianr;t i fresh fresh SC\;)e?t ﬁ try dry
g weight weight g weight
Treatments 8 946.860 61.766 0.756 1.947 0041
Error 18 7.816 0.283 0.015 0012 0001

Appendix VI. Mean square values and degree of freedom (DF) of plant height, shoot
and root fresh weight, shoot dry weight, and root dry weight at recovery

of napier grass

Mean square values

Source of Shoot Root Root
variance DF hF;Iiatn;t fresh fresh SC\;);t g tr y dry
g weight weight g weight
Treatments 6 941.104 249.679 1.032 4794  0.066
Error 14 6.976 2.034 0.011 0043  0.002
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Appendix VII. Mean square values and degree of freedom (DF) of root length, root-
shoot ratio, and root branch at different stress duration (drought and

waterlogging)

Mean square values

Source of
variance DF Root length RO?;',[?QOOt Root branch
Treatments 8 102.175 0.051 84.849
Error 18 0.835 0.001 0.882

Appendix VIII. Mean square values and degree of freedom (DF) of root length, root-

shoot ratio, and root branch at recovery of napier grass

Mean square values

Source of

variance DF Root length Rocr);'t?EOOt Root branch
Treatments 6 207.368 0.027 51.949
Error 14 1.778 0.001 0.468

Appendix IX. Mean square values and degree of freedom (DF) of SPAD value,
relative water content, and proline at different stress duration (drought

and waterlogging) of napier grass

Mean square values

Source of

variance DF SPAD value Relative water Proline
content
Treatments 8 416.108 380.501 86.639
Error 18 5.534 6.468 0.475

Appendix X. Mean square values and degree of freedom (DF) of SPAD value, relative

water content, and proline at recovery of napier grass

Mean square values

Source of .
variance DF SPAD value Relative water Proline
content
Treatments 6 57.003 95.710 1.569
Error 14 2.119 5.930 0.968
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Appendix XI. Mean square values and degree of freedom (DF) of malondialdehyde
content and hydrogen peroxide at different stress duration (drought and

waterlogging) of napier grass

Source of DF Mean square values
variance Malondialdehyde Hydrogen peroxide
Treatments 8 433.355 174.007
Error 18 32.119 5.174

Appendix XII. Mean square values and degree of freedom (DF) of malondialdehyde

content and hydrogen peroxide at recovery of napier grass

Mean square values

Source of DE
variance Malondialdehyde Hydrogen peroxide
Treatments 6 664.991 10.655
Error 14 69.119 2.221

Appendix XIII. Mean square values and degree of freedom (DF) of fodder yield, acid
detergent fiber, neutral detergent fibre, and dry matter content at

recovery of napier grass

Mean square values

Source of DE Fodder Acid Neutral Drv matter
variance yield detergent detergent y
. . content
fiber fiber
Treatments 6 294596 17.778 161.169 5.583
Error 14 0.990 1.540 11.361 1.803
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Appendix XIV. Mean square values and degree of freedom (DF) of crude protein,

crude fibre and ash content at recovery of napier grass

Mean square values

Source of
variance Crude protein Crude fibre Ash content
Treatments 6 3.875 14.011 20.074
Error 14 0.658 4.347 3.582

Appendix XV. Mean square values and degree of freedom (DF) of organic matter

content and hemicellulose at recovery of napier grass

Mean square values

Source of

variance DF Organic matter content Hemicellulose
Treatments 6 3.875 74.914
Error 14 0.658 8.392
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