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ABSTRACT. The aim of the research was to observe the technological
processes of accelerated biothermal composting of manure-compost
mixture and to determine the dynamics of its temperature regime. Because
of experimental research of conditions of biothermal processes of
composting of manure-compost mix the mathematical laws describing
dynamics of change of a temperature field in the composting pad of a
different configuration for various mechanized conditions are received. It
is established that mechanized composting of raw materials provides
growth of internal temperatures to the maximum temperature of 65-71 °C
(at height of the composting pad of 1.5 m) for 2—-3 days after laying of the
composting pad. In 15-17 days, the temperature is up to 50 °C, which does
not correspond to the thermophilic mode of bacterial activity and the
processes gradually pass into the mesophilic mode — up to 40 °C. As a
result of experimental studies of biothermal processes of composting
manure, it was found that during the fermentation of raw materials in the
composting pad without treatment (36 days) the weight of the composting
pad (at the composting pad height of 1.5 m) decreased by 20% (raw
material moisture decreased by 5%). In the composting pad with
mechanical treatment and addition of water, the weight of the composting
pad varied from the amount of water introduced, which led to an increase
in the moisture content of the raw material. There was a significant
decrease in organic matter from 47-50 to 32-35% in the raw material

DOI: 10.15159/jas.21.30

against 50-52 to 40-41%.
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Introduction

Global trends in agricultural production indicate
significant changes in the technological use of organic
raw materials of crop and livestock (straw, manure,
droppings) for organic fertilizers. The main challenges:
increasing social requirements for the ecological state
of the environment (odours, pollution of water bodies,
soils), restoring soil fertility, production of raw
materials for organic products. One way to solve the
problem is to use better organic fertilizers — compost —
a mixture of animal manure or poultry droppings with
plant biomass, which is produced in a shorter time of
aerobic fermentation (Samarin et al., 2020).

The purpose of accelerated composting is to control
the processes of fermentation-decomposition of orga-
nic matter, reducing the loss of nutrients by maintaining
rational living conditions of microorganisms, which

reduces the time of the readiness of the product. The
positive result of the measures is the reduction of
environmental risks, improvement of the environment,
resource conservation using non-commodity crops and
processing, reduction of storage and accumulation of
manure and droppings, improving the quality of
fertilizers (Malik et al., 2020).

Today, many organic waste composting systems are
known, they have found their use in various industries
for processing and further use as organic fertilizers
(Huzaifah et al., 2001; Rajkhowa et al., 2019).
Ecological and agrotechnical precautions on the release
of unpleasant and greenhouse gases, phytotoxicity of
components (presence of harmful substances and
toxins), increase in nutrients, weed seed disposal,
reduction of cultivation time, reduction of areas under
sites, cost of structures and equipment, environmental
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ABSTRACT. The objective was to examine the effect of drought and
flood on barley plants' biomass and growth rate in early vegetative
development while comparing the stress adaption of different varieties. A
greenhouse trial was conducted in the Estonian Crop Research Institute
(ECRI) in 2021, where five Estonian grown spring barley varieties were
grown in optimal, drought and flood treatments for six weeks to measure
plants' projected leaf area (PA) and relative growth rate (RGR) through
phenotyping. Both drought and flooding stress have a strong negative
impact on plant biomass in early vegetative growth phases, causing PA at
the end of the trial to decrease 26% and 49% respectively. Meanwhile,
RGR throughout the trial decreased 6% in drought treatment and 16% in
flood treatment. This indicates the greater impact of flood stress on plant's
growth compared to drought stress. Genetic variation related to adaption
to extreme water regimes in varieties is rather low, especially in drought
stress conditions. In drought treatment, the variation coefficient (CV) was
14%, and in flood treatment 25%. Even as most varieties' PA and RGR
varied between treatments, the difference between varieties in specific
stress treatments was minimal. Estonian grown spring barley varieties are
susceptible to extreme water regime related stress caused by potential
climate change. This indicates the importance of assessing water-related
stress tolerance in breeding material, adapting more accurate innovative
evaluation approaches, and integrating climate-resilient genetic material
into breeding programs, to hedge the risk caused by unfavourable growth
environments in Estonian barley production.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Even though global population growth is projected to
slow down by the end of the 21st century (Vollset et al.,
2020), the persistence and irreversibility of anthropo-
genic negative influence on the global ecosystem must
be acknowledged. In the meantime, forecasted climate
change and increasing demand for food will put even
more pressure on plant breeders to develop cultivars
with higher yields, quality, and climate resilience. In
addition to changes in temperature and atmospheric gas
composition, precipitation patterns will also be altered,
affecting global and local hydrological cycles
(Konapala et al., 2020). This altogether increases the
likelihood of extreme weather conditions with exces-
sive or lacking precipitation, resulting in drought or
flood induced abiotic stress in plants. Exposure of crops
to abiotic stress thereby limits the biomass and yield of
crops, which is something we can't afford.

At present, a great amount of crop plants' genetic
diversity to adapt to the environment has been lost due
to the long-term yield-oriented selection bottleneck
(Dawson et al., 2015). To improve adaption to abiotic
stress, the suitable genetic material must be screened
for and transferred to new varieties. With the help of
non-destructive phenotyping, adaption of plants'
phenotypes to abiotic stress can be observed in time on
a larger scale, making it possible to evaluate breeding
material and to connect its phenotype with a respon-
sible QTL (quantitative trait locus) or a gene.

In this experiment, a cost-effective greenhouse
phenotyping platform was used to measure the relative
growth rate (RGR) and projected leaf area (PA) of
Estonian grown barley varieties in extreme water
regimes. Evaluating varieties' adaption to extreme
water regimes gives an overview of their climate
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resilience at present, making it possible to prepare
better for future challenges.

The objective was to examine the effect of drought
and flood on barley plants' biomass and relative growth
rate in early vegetative development while comparing
the stress adaptions of different varieties.

Material and Methods

A six-week trial (04.01.-16.02.2021) was conducted
in controlled greenhouse conditions at the Estonian
Crop Research Institute (ECRI) in JB6geva, Estonia
(58.759097° N, 26.406711° E). Five common Estonian
grown spring barley varieties of various origins were
used: 'Maali' (ECRI), 'Tuuli' (ECRI), 'Katniss' (Nordic
Seed A/S), 'Feedway' (Nordic Seed A/S) and 'Bente’
(Nordsaat Saatzucht GmbH).

An experiment was carried out with five replicates
per genotype in each of the three treatments: control,
drought and flood. Single plants were grown next to
each other in two-litre plastic pots with 1.7 kg of the
growth substrate, in a randomized design. For growth
substrate, a mix of soil, peat and sand was used in a
volume ratio of 3:2:1.

Three seeds were sown into each pot and trimmed to
a single plant two weeks later. For light conditions, 16:
8 h light regime was secured with plant growth lamps
and temperature between 15-25 °C. At the end of the
experiment, the shoots were cut from basal conjunction
to determine wet and dry biomass.

Induced stress lasted for two weeks in drought
treatment and a week in flood treatment. For the first 14
days after sowing (DAS), all treatments were kept at a
water level of 20% gravimetric water content (GWC). In
the control treatment, 20% GWC was sustained through-
out the experiment. To induce drought, watering was
reduced until 10% GWC was achieved, starting from 14
DAS and kept until 28 DAS. For flood treatment, a water
level of 1cm above soil level was sustained from 14 DAS
to 21 DAS. Both stress treatment's water level of 20%
GWC was restored post-stress until the end of the
experiment at 42 DAS. This method is based on the trial
conducted by Honsdorf et al. (2014), and modified to
add flood treatment conditions.

Phenotyping was done weekly from 14 DAS to 42
DAS. Every week, three pictures of each plant were
captured (front, side 90° and top). Captured photos
were analysed in the program EasylLeafArea, where
green pixels were separated from the background and
summed. To calculate RGR, the formula:

In (Ilz—ji)
t2 —tl

where PA is projected area (pix) at time t (Armoniené
etal., 2018).

RGRPA = was used, (1)

For descriptive statistics of PA and RGR, average and
standard error were calculated. Tukey HSD was used to
calculate the significant difference between varieties
and treatments. One-way ANOVA and variation

coefficient (CV) were used to determine variation in
treatments and varieties. All data analysis and statistical
tests were done in R (R Core Team 2021).

Results and Discussion

Relative growth rate (RGR) and projected area
(PA)(pix) of five Estonian grown barley varieties were
measured through phenotyping in control and extreme
water regime conditions.

Effect of stress

In both drought and flood treatment, PA was
significantly lower than control treatment from the end
of stress until the end of the experiment (P < 0.001).
When the decrease in the first post-stress week of
drought plants was only 7%, it slumped for the second
and third post-stress week to 31% and 42% (Fig. 1). By
the end of the experiment, PA in drought treatment was
26% lower in the control treatment. In flood treatment,
PA decreased 28% by the first post-stress week,
decreasing even more in the following weeks to 52%
and 55% accordingly. At 42 DAS flood treatment, PA
was 49% lower compared to the control treatment.
Variation between both stress treatments and control
treatment at 42 DAS was 97%, while variation within
groups was 3% (P < 0.001).

In the meantime, RGR decreased 6% overall in
drought treatment and 16% in flood treatment
(P <0.001). Although the decrease of RGR was greater
in flood than drought treatment, in both treatments the
significant effect of stress appeared only during the
stress and the following week. By the last week of the
experiment, RGR in both flood and drought exceeded
control treatment by 48% and 21% (P <0.001),
compensating the former stress with faster growth.
Here we can conclude that flood had a more severe
effect to plant biomass growth than drought, as a
greater decrease in PA and RGR indicate.

Different physiological processes targeted by stress
cause the difference. As known, growth reduction in
drought treatment can be explained by dehydration of
cells due to the plant's limited access to water, harming
basic growth-related physiological processes like
cell/leaf expansion and metabolic activities. Mean-
while, excess water in flood treatment leaves plants'
roots in anoxic conditions, inhibiting their respiration
and energy availability, which is necessary to provide
water and nutrients for the growth and metabolism of
above-ground parts.

The effect of abiotic stress on the biomass of barley
varieties from different backgrounds has been
measured before by Honsdorf et al. (2014) and Zhao et
al. (2010) with drought and Yordanova and Popova
(2001), Bertholdsson (2013) and Luan et al. (2018)
with the flood, where uneven severity depends strongly
on the origin of varieties, developmental stage of
exposure and other methodical approaches. Overall,
that points to the presence of genetic variation and even
resistant varieties in-between different gene pools
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tested, which can be exploited for climate-resilient
breeding in other regions.

Here we can conclude that there is the widespread
vulnerability of juvenile barley to potential climate

change-induced flood and drought stress, which could
inhibit achieving sustainable development goals if
action is not taken in time.
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Figure 1. Average projected leaf area (PA-columns) and relative growth rate (RGR-lines) of control, drought, and flood treatments
(all varieties). (I represent + SE (standard error); different capital letters represent statistical difference P < 0.05 between

treatments; DAS — days after sowing)

Varieties in stress treatments

The effect of stress caused by extreme water regimes
depends on the plant's genotype. Drought stress did not
decrease PA of all varieties. The PA of varieties "Tuuli’
and 'Maali' did not differ significantly from the control
treatment (P > 0.05), while "Tuuli"s average PA value
exceeded the control treatment by 9%. A negative
effect of drought was observed with varieties 'Katniss'
(28%), 'Feedway' (40%) and 'Bente’ (34%) (P < 0.001).
The latter's PA was significantly decreased from the
end of stress exposure to the end of the experiment (28—
42DAYS), in the situation where "Tuuli' and 'Maali' were
significantly lower than the control treatment only the
week after the stress (35DAS). Flood stress decreased
PA in all varieties from the second post-stress week
until the end of the trial. PA decreased in varieties:
'‘Maali' (67%), Tuuli' (42%), 'Bente' (41%), 'Katniss'
(45%) and 'Feedway" (46%) (P < 0.001).

Variation between varieties in flood treatment was
85% and in drought, treatment was 79% (P <0.05).
Meanwhile, the variation coefficient (CV) between
varieties in drought treatment was 14% and 25% in
flood treatment (P < 0.05). Wild barley introgression
varieties tested for drought by Honsdorf et al. (2014)
showed a variation coefficient of 72%. The higher
variation in response to flood treatment in this
experiment indicates greater genetic variation related in
genotypes than in drought treatment, while still staying
relatively low for both treatments compared to wild
relatives. That points out the stronger negative effect of
flood stress to plant growth together in combination
with to some extent greater genetic variance in the
phenotypic response.

A similar pattern to PA occurred with RGR, wherein
drought treatment ‘Tuuli' and 'Maali' did not differ
significantly (P > 0.05), while other varieties had 28—
44% lower RGR compared to the control treatment
(P < 0.05). On the other hand, "Tuuli' and 'Maali' did not
show the highest PA in the control treatment of all
varieties, pointing out their robustness in their biomass
growth. In flood treatment, RGR decreased unevenly
across all varieties between 14-35DAS in between 29—
58% (P <0.05), without a single variety indicating
resistance.

For the most part, varieties in treatments did not differ
from each other in stress treatments (Fig. 2). In drought
treatment, PA of "Tuuli' was 37% higher than 'Feedway'
and in flood treatment, PA of 'Bente' was 36% higher
than "Tuuli' and 49% higher than 'Maali' (P < 0.05).

Varieties' low CV with the scarce significant diffe-
rence in RGR and PA affirm relatively narrow genetic
variation in their genotypes for these specific abiotic
stress responses, common to modern top-yield varie-
ties. Low genetic variation for early flood and drought
tolerance was also pointed out with local varieties in
neighbouring Finland by Hakala et al. (2012), where all
other climate change risk-related traits had variation in
local genotypes. That points out the demand and need
for more climate-resilient breeding material for spring
barley in the region.

A better overview of individual varieties' growth in
control and stress treatment is seen while comparing the
performance in both. As seen, 'Maali' had the second
highest average PA in control and drought treatment
compared to other varieties, despite great variation in-
between replications (Fig. 3). At the same time, the
variety 'Feedway' had one of the lowest PA in control
and drought treatment.
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In flood and control treatment, '‘Bente' performed
above varieties' average, meanwhile Tuuli' stayed
below. Indeed, it also shows the complexity of breeding
material evaluation for abiotic stress resistance, which
could benefit from the use of stress indexes and yield
data in future studies, to get output that is even more
accurate.

Based on the results, we can state that Estonian grown
spring barley varieties are overwhelmingly susceptible
to extreme water regimes caused by water-related
abiotic stress, an effect, which is likely caused by their
narrow gene pool common to high-performing varie-
ties. Even though breeding for extreme weather events
still has a limited capacity (Olesen et al., 2011), it will
become more relevant with pessimistic climate change
scenarios already becoming reality.

For more accurate evaluation in future studies, plants'
grain yield data can also be collected, which makes it
possible to better understand the effect of abiotic stress
growth in time and its relation to grain yield formation
(Ciancio et al., 2021). In addition, adapting other
phenotyping stress indexes and developing genetic
markers combined with gene expression measurements
will make it feasible to precisely determine the nature
of yield-limiting bottlenecks in plant physiology. Thus,
having a deeper insight into limitations of growth and
yield-formation, more efficient selection of crossing
parents can be done.

Conclusion

The spring barley varieties tested were vulnerable to
potential climate change-induced water regime changes
in juvenile growth. Genetic variation of abiotic stress
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response-related genes is relatively low, drawing atten-
tion to the need for more climate-resilient breeding
material. To achieve climate-smart barley production,
better screening of abiotic resistance and integration of
resistance-related traits must be adopted in plant bree-
ding.
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ABSTRACT. Sixteen single-cross hybrids of maize were evaluated in a
randomized complete block design with three replications to investigate
genetic variability and correlation among growth and vyield traits at
Khumaltar, Lalitpur, Nepal from March 13 to September 05, 2021. The
hybrids were grouped into four clusters using Euclidean Average Linkage
method. The cluster analysis showed the presence of genetic variability in
the evaluated hybrids. The maximum distance between cluster centroids
(194.28) was found between cluster 2 and cluster 4, indicating genetic
dissimilarity. Grain yield had the maximum values of phenotypic coefficient
of variation (PCV) (35.02%), followed by ear height (17.82%) and plant
height (12.22%). Similarly, grain yield had the maximum values of
genotypic coefficient of variation (GCV) (26.24%) followed by the number
of kernel rows/cob (8.77%) and days to 50% silking (8.72%). Days to 50%
silking and days to 50% tasseling had the highest values of heritability (86%)
followed by cob diameter (84%) and no. of kernel rows in cob (68%). The
leaf area per plant had the maximum values of genetic advance (GA)
(74.87 cm?), followed by plant height (27.80 cm) and days to 50% silking
(9.66 days). Similarly, the maximum values of genetic advance as percent
of the mean (GAM) was found for grain yield (40.50%) followed by days to
50% silking (16.70%) and days to 50% tasseling (16.17%). The hybrids
namely KWM-91 x KWM-93 produced the maximum values of grain yield
(9.99 t hat) followed by KWM-93 x KWM-91 (9.63 t ha ) and KWM-92
x KWM-93 (9.40 t ha). Grain yield showed positive and significant
phenotypic correlation with days to 50% silking (r = 0.41), days to 50%
tasseling (r = 0.39), plant height (r = 0.37), cob diameter (r = 0.49) and the
number of kernel rows in cob (r = 0.38). Therefore, utilization of present
genetic variability along with indirect selection for traits having significant
association with grain yield, high heritability and GAM could aid in the
improvement of maize productivity.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Maize (Zea mays L.) is Nepal's second most impor-
tant cereal crop, with an area of 9 40 886 ha and a yield
of 26 53 243 t (MoALD, 2020). It contributes 3.15% to
the national gross domestic product (GDP) and 9.5% to
agricultural GDP. It covers 27.39% area of total food
crops and contributes 24.97% of total cereal production
(MoALD, 2020). There is a considerable gap between
the yield potential of the improved varieties and the
national average yield. So far, seven hybrid maize
varieties have been released in the country. Maize
breeding efforts are focusing on developing high-
yielding hybrid maize varieties to boost the yield
potential furthermore.

The understanding of germplasm diversity among
elite breeding materials has a major impact on crop
improvement (Hallauer et al., 1988). Crop improve-
ment relies on variability (Welsh, 1981). Maize germ-
plasm has been found to have a large genetic diversity
in terms of growth, development, and grain yield, and
this variability has fueled the search for the develop-
ment of new genotypes with desirable characteristics
(Betran etal., 2003; Liu et al., 2003). Khan et al. (2018)
and Khalil et al. (2011) found variation among the traits
in maize hybrids. Similarly, Hallauer and Schos (1973)
and Grzesiak (2001) found significant genotype diver-
sity among maize genotypes for various traits. The
genetic makeup of maize genotypes influences maize
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growth, development, and productivity. Furthermore,
critical environmental factors like soil fertility and
climatic change-related parameters can have a major
impact on maize growth and productivity (Oseni,
Masarirambi, 2011). Grain yield is determined by a
combination of genetic and environmental factors.
Genetic variability across maize genotypes is a major
determinant of grain yield (Tahir et al., 2008). Herita-
bility and the genetic advance of the individual trait
determine the efficiency with which genotypic varia-
bility can be utilized by selection. Understanding the
association between yield and its component traits can
help breeders to improve the effectiveness of selection
(Kalla et al., 2001; Zeeshan et al., 2013).

The present study was conducted to quantify the
variability, heritability, genetic advance, and the corre-
lation between yield and its contributing traits among
single-cross maize hybrids.

Material and Methods

Plant materials

Sixteen single-cross hybrids of maize were selected
and used for this study (Table 1). National Plant
Breeding and Genetics Research Centre (NPBGRC),
Khumaltar, Lalitpur, Nepal, was the source of geno-

types.

Table 1. List of single-cross hybrids of maize used in the
experiment

S. No. Maize hybrids
1 KML-1A x RML-4

2 KWM-91 x KWM-93
3 Rampur Hybrid-2

4 KWM-93 x KWM-91
5 Khumal Hybrid-2
6

7

8

9

KML-2A x KYM-86
KML-4A x KYM-86
KML-5A x RML-4
KML-8A x RML-4
10 KML-4A x RML-4
11 Super-951
12 KML-3B x RML-4
13 KML-5A x KYM-33
14 KML-8A x KYM-33
15 KML-4B x KYM33
16 KWM-92 x KWM-93

Experimental site

The study was conducted at the research field of the
National Plant Breeding and Genetics Research Centre
in Khumaltar, Lalitpur, Nepal from March 13 to
September 05, 2021. It is located at 27°40'0" north
latitude, 85°20'0" east longitude, and 1350 m above sea

level. The soil of the research plot was clay loam type.
The climatic data of the site during the experiment
period (2021) is given in Table 2.

Table 2. Climate data of the experimental location in 2021

Maximum Minimum  Precipitation,  Sun
Month temperature, temperature, (mm) Hours,
°C °C h
March 24 10 75.4 364.8
April 27 13 2229 3515
May 27 14 447.9 3475
June 27 16 705 324.7
July 25 17 1097.5 314.8
August 26 16 995.6 320.3
September 25 15 599.6 330.2

F.W., kg plot™ x (100 — HMP) x S x 10 000

(Source: Meteorology station, National Agronomy Research Centre,
Khumaltar, Lalitpur)

Experimental design and cultural practices

The experiment was laid out in a randomized
complete block design (RCBD) with three replications.
Individual plots comprised four rows of five meters
each, with a 60 cm x 25 cm spacing (row to row x plant
to plant). One week before sowing, well-decomposed
farmyard manure was incorporated @ 6 t hatinto the
soil and the chemical fertilizer @ 180:60:40 kg N:P,Os:
K20 [(nitrogen (N), phosphorus (P), and potassium
(K)] hat was applied via Urea, Diammonium Phos-
phate (DAP), and Muriate of Potash (MOP). During
final land preparation, as a basal dose, a half dose of N,
full dose of P,Os and K,O was applied. The remaining
half dose of N was divided into two parts and
administered 45 and 90 days after sowing. Two manual
weeding and hoeing operations were completed during
the maize growing season. The first weeding was
performed 18 days after sowing, and the second
weeding 36 days later. The irrigation was applied at
three important growth stages: knee-high stage,
tasseling stage, and milking stage.

Data collection and observations

Data were collected for all traits from ten plants
chosen at random from each experimental plot. The
phenological traits (days to 50% silking, days to 50%
tasseling) of these selected plants, as well as biometri-
cal variables (plant and ear height, leaf area per plant,
cob length, and cob diameter), yield, and vyield
attributing traits (Number of kernel rows in cob), were
observed. The following formula (Eq. 1) was used to
compute grain yield (kg ha™) at 12% moisture content
using fresh ear weight:

M

Grain yield,tha™! =

where

F.W. — the fresh weight of ear per plot (kg) at harvest;
HMP — moisture percentage of grain at harvest;

DMP — desired moisture percentage, i.e. 12%j;

NPA — the area of net harvest plot, m?;

S —shelling coefficient, i.e. 0.8.

(100 — DMP) x NPA x 1000 ’
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The phenotypic coefficient of variation (PCV) and
genotypic coefficient of variation (GCV) provide infor-
mation on the level of variability in a population,
whereas heritability depicts the component of a character
that is passed down to future generations (Girma et al.,
2018; Pal et al., 2016). The phenotypic coefficients of
variation (Eqg. 3) and genotypic coefficients of variation
(Eq. 2) were estimated using the formula given by Singh
and Chaudhary (1985). The estimation of heritability (in
the broad sense) (Eq. 4) was carried out using the
formula given by Johnson et al. (1955). Similarly, gene-
tic advance (Eq. 5) was calculated using the formula
given by Burton (1952), and genetic advance as a
percentage of the mean (GAM) (Eq. 6) was calculated
using the formula given by Johnson et al. (1955).

GCV, % = @ x 100, 2
PCV,% = /& 100, (3)

X
where
829 — genotypic variance;

8%p — phenotypic variance;
X — Sample mean.

Heritability in board sense (h?bs) = gz—i, 4

Genetic advance (GA) = (K)(8%p) (h?), )

where

GA — expected genetic advance;

K — selection differential that varies depending upon
the selection intensity and stands at 2.056 for
selecting 5% of the genotypes;

dp — phenotypic standard deviation;

h? — heritability (in the broad sense).

According to Shukla et al. (2006), the expected
genetic advance as a percentage of the mean (GAM)
was estimated as below (Eq. 6);

GAM = =% 100, (6)
where x — grand mean.

The correlation coefficient aids in determining the
degree of relationship as well as the degree to which
traits are interdependent (Bocanski et al., 2009;
Nagabhushan et al., 2011). By examining genotypic
and phenotypic differences in yield and yield compo-
nents of many crop genotypes, a breeder will be able to
determine how much the environment influences yield
(Ullah et al., 2012). The correlation between traits in
this study was assessed using Pearson's correlation
coefficient approach.

Multivariate analysis is the most used method for
assessing genetic variability. Crop plant genetic diver-
sity is required to maintain high levels of productivity
(Tripathi et al., 2013). Multivariate analysis of various

agro-morphological traits has successfully been emp-
loyed by numerous researchers to delineate the inherent
diversity in the germplasm (Nachimuthu et al., 2014;
Ravikumar et al., 2015). Cluster analysis with Eucli-
dean distance is an effective statistical technique for
evaluating genetic diversity. The Euclidean average
linkage Method was used in this study.

Statistical analysis

The experimental data were processed using MS
Excel 2010, and the data was analyzed using R-studio
3.5.0 and SPSS 20. The data were analyzed using a
randomized complete block design (RCBD) with one-
way ANOVA. The least significant difference (LSD)
was used to compare the treatment means at a 5% level
of significance (Gomez, Gomez, 1984). The Pearson
correlation coefficient of growth, yield and its attri-
buting traits was worked out using SPSS 20.

Results and Discussion

Agro-morphological variability

The presence of significant variation in genotypes for
most of the traits was given in Table 3. The non-signi-
ficant difference was found for ear height, cob length
and the number of kernel rows in cob, whereas a
significant difference (P <0.05) was found for plant
height and grain yield. Days to 50% silking, days to
50% tasseling, leaf area per plant and cob diameter had
highly significant differences (P < 0.01) (Table 3). The
maximum coefficient of variation (17.5%) was found
in ear height followed by grain yield (13.1%). The
minimum coefficient of variation (2.3%) was found in
cob diameter (Table 3).

The hybrids namely KWM-91 x KWM-93 produced
the maximum grain yield (9.99 t ha?) followed by
KWM-93 x KWM-91 (9.63 tha?) and KWM-92 x
KWM-93 (9.40 t ha?) (Figure 1).
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Single-cross hybrids of maize

Figure 1. Bar diagram showing mean and standard deviation
of grain yield of sixteen single-cross hybrids of maize

These findings support those of Akbar et al. (2009),
Prasai et al. (2015), Shrestha (2016), Adhikari et al.
(2018), Dhakal et al. (2018), Shrestha et al. (2019),
Kafle et al. (2020), Shrestha et al. (2018) and Bastola
et al. (2021) who found significant changes in grain
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production between maize genotypes. The genetic
makeup of maize genotypes varied, which resulted in
variances in grain yield.

Table 3. Mean sum of squares for different traits of sixteen
single-cross hybrids of maize

Traits Mean SE CV, LSD Signifi-
%  (0.05) cance
Plant height, cm 267.10 17.67 9.4 53.27 *
Ear height, cm 143.20 17.77 175 53.57 NS
Days to 50% silking 57.81 141 35 426 Fkx
Days to 50% tasseling 55.91 131 33 397 Fkx
Leaf area per plant, cm? 676.6 ~ 24.25 51 7311  ***
Cob length, cm 2195 091 59 274 NS
Cob diameter, cm 492 0.08 23 024 F**
Number of kernel rows
in cob 14.50 061 6.0 1.86 NS
Grain yield, t ha* 8.25 0.76 131 2.29 *

NS — not significant, *-significant at P <0.05, ***-significant at
P <0.001, SE - standard error of the mean, CV — coefficient of
variation, LSD — least significance difference

Phenotypic and genotypic coefficients of variation

The GCV values were smaller than PCV values for
all traits studied, showing that the characters were more
influenced by their surrounding environments.
Deshmukh et al. (1986) grouped the PCV and GCV
values as low (0-10%), moderate (10-20%), and high
(>20%). The maximum values of GCV were observed
in grain yield (26.24%), followed by the number of
kernel rows in cob (8.77%). The minimum values of
GCV were observed in ear height (3.07%) followed by
cob length (3.40%) (Table 4). Similarly, the maximum
values of PCV were observed in grain yield (35.02%),
followed by ear height (17.82%). The minimum PCV
values were observed in cob diameter (5.86%) followed
by cob length (6.79%) (Table 4). Similar findings were
found by Kandel et al. (2017) and Sharma et al. (2018).
The difference between phenotypic and genotypic
variance was larger in the leaf area showing that these

features were substantially impacted by the environ-
ment. The results were the same as those of Ojo et al.
(2006) and Kashiani et al. (2010).

Heritability and genetic advance

Heritability estimates are classified as low (5-10%),
medium (10-30%) and high (30-60%) (Dabholkar,
1992). The maximum values of broad-sense heritability
values were observed in days to 50% silking (86%),
days to 50% tasseling (86%) and cob diameter (84%).
The minimum value of heritability value was found in
ear height (3%) (Table 4). Alemu et al. (2017) found
similar results. Cob diameter produced the maximum
values of heritability, according to Swamy et al. (1971)
and Lias et al. (1987). Most of the factors had high
estimates of heritability, showing that variations were
handed down to progeny, implying that a high-yielding
variety may be generated by choosing suitable geno-
types. Because of the high values of heritability, there
were more alternatives for picking plant material that
had the desired characteristics.

Estimation of genetic advance (at 5% selection inten-
sity), and the corresponding genetic advance as a per cent
of the mean (GAM) were estimated for each measured
character. The leaf area per plant had the maximum
values of genetic advance (GA) (74.87 cm?), followed by
plant height (27.80 cm) and days to 50% silking (9.66
days) (Table 4). Similarly, the maximum values of
genetic advance as per cent of the mean (GAM) was
found for grain yield (40.50%) followed by days to 50%
silking (16.70%) and days to 50% tasseling (16.17%)
(Table 4). In our study, high values of heritability did not
associate with genetic advances. Najeeb et al. (2009)
found that high values of heritability are not always
associated with high genetic advances. Since high values
of heritability do not always indicate high genetic
advance, it is recommended to consider heritability in
conjunction with genetic advance to predict the effect of
selecting superior plant varieties.

Table 4. Estimation of PCV, GCV, heritability, genetic advance and GAM for growth, yield and its attributing traits of sixteen single-

cross hybrids of maize

Traits Vg Vp PCV, % GCV, % h2bs, % GA GAM, %
Plant height, cm 440.45 1065.15 12.22 7.86 41 27.80 10.41
Ear height, cm 19.35 651.05 17.82 3.07 3 1.56 1.09
Days to 50% silking 25.43 29.43 9.38 8.72 86 9.66 16.70
Days to 50% tasseling 22.27 25.75 9.08 8.44 86 9.04 16.17
Leaf area per plant, cm? 2071 3247 8.42 6.73 64 74.87 11.07
Cob length, cm 0.56 2.22 6.79 3.40 25 0.77 3.52
Cob diameter, cm 0.07 0.08 5.86 5.38 84 0.50 10.18
Number of kernel rows in cob 1.62 2.38 10.65 8.77 68 2.16 14.88
Grain yield, t ha* 9.34 10.7 35.02 26.24 56 3.78 40.50

Vg — genotypic variance, Vp — phenotypic variance, h?os — heritability in the broad sense, GCV — genotypic coefficient of variation, PCV —
phenotypic coefficient of variation, GA — genetic advance at 5% intensity of selection, GAM — genetic advance as per cent of mean

Cluster analysis

The statistical distances between clusters are an
indicator of genetic diversity. The inter-cluster distan-
ces were larger than the intra-cluster distances which
indicated wider genetic diversity among the genotypes
of different groups. The 16 single-cross hybrids of
maize were grouped on four clusters based on growth
and yield traits (Table 5, Figure 2). Among all the

clusters, cluster 2 was the largest containing 6 hybrids
followed by clusters 1 (5 hybrids), 3 (4 hybrids) and 4
(1 hybrid) (Table 5). Mounika et al. (2018) found
similar results after grouping 47 maize inbred lines into
seven clusters. In a study by Alom et al. (2003), twenty-
five maize genotypes were categorized into seven
clusters based on morphological traits. Similarly,
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Rafique et al. (2018) used morphological traits to sepa-
rate 40 maize inbred lines into ten clusters. Azam
(2012) discovered five clusters from 49 maize geno-
types. Cluster analysis can be effective for locating
high-yielding genotypes, according to Ali et al. (2008).

Hybrids of cluster 4 had the maximum values of plant
height (318.00 cm), ear height (177.30 cm), leaf area per
plant (800.20 cm?), cob length (23.84 c¢m), number of
kernel rows in cob (16.00) and grain yield (9.40 t ha™).
The hybrids of cluster 2 had the minimum values of plant
height (245.03 cm), ear height (126.32 cm), leaf area per
plant (627.85 cm?), cob length (21.63 cm), number of
kernel rows in cob (13.83) and grain yield (7.90 t ha™®)
(Table 6). Chakma et al. (2012) obtained similar results.

Distance between cluster centroids ranged from 49.83
to 194.28 (Table 7). The minimum distance (49.83)
between cluster centroids was found between cluster 3

Dendrogram

and cluster 2 indicating genetic similarity and the
maximum distance was found in the cluster 4 (KWM-
92 x KWM-93) and cluster 2 (KML-2A x KYM-86,
KML-4A x KYM-86, KML-5A x RML-4, KML-8A x
RML-4, KML-4A x RML-4, Super-951) (194.28)
indicating genetic dissimilarity (Table 7).

The maximum distance of cluster 1 from centroid was
37.98 and the minimum distance of cluster 4 (0.00)
(Table 8). Debnath (1987) found that the inter-cluster
distance was greater than the intra-cluster distance in
maize genetic variability. Abedin and Hossain (1990)
found similar results in maize. To generate a wide
spectrum of genotype variation, Yadav et al. (2011),
Vennila et al. (2011), and Latif et al. (2011) recom-
mended employing a distantly dispersed cluster geno-
types in hybridization procedures.

Average Linkage, Euclidean Distance

30.77

53.85

Similarity

NI
&Ny > 8 o & oy W
4—@*“ &

Single-cross hybrids of maize

Figure 2. Dendrogram of sixteen single-cross hybrids of maize using Euclidean average linkage method

Table 5. Grouping of sixteen single-cross hybrids of maize by Euclidean average linkage method

Cluster 1 Cluster 2

Cluster 3 Cluster 4

KML-1A x RML-4,
KWM-91 x KWM-93,
Rampur Hybrid-2,
KWM-93 x KWM-91,
Khumal Hybrid-2

KML-2A x KYM-86,
KML-4A x KYM-86,
KML-5A x RML-4,
KML-8A x RML-4,
KML-4A x RML-4,
Super-951

KML-3B x RML-4,
KML-5A x KYM-33,
KML-8A x KYM-33,
KML-4B x KYM33

KWM-92 x KWM-93

Table 6. Cluster means for nine traits of sixteen single-cross hybrids of maize

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4 Centroid
Days to 50% tasseling 60.80 51.50 55.88 58.00 55.91
Days to 50% silking 63.00 53.17 57.50 61.00 57.81
Plant height, cm 287.64 245.03 261.73 318.00 267.08
Ear height, cm 159.80 126.32 139.39 177.30 143.23
Leaf area per plant, cm? 713.69 627.85 672.50 800.20 676.61
Cob Length, cm 21.78 21.63 22.18 23.84 21.95
Cob Diameter, cm 4.90 4.74 5.17 5.17 4.92
Number of kernel rows in cob 14.60 13.83 15.00 16.00 14.50
Grain yield, t ha™ 8.29 7.90 8.45 9.40 8.25
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Table 7. Distances between cluster centroids in sixteen single-cross hybrids of maize

Clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4
Cluster 1 0 102.42 53.29 93.44
Cluster 2 49.83 194.28
Cluster 3 144.68
Cluster 4 0

Table 8. Different statistics of Euclidean distance and cluster analysis of sixteen single-cross hybrids of maize

Cluster No. of observations  Within clusters sum of square Average distance from centroid Maximum distance from centroid
Cluster 1 5 3194.15 23.32 37.98

Cluster 2 6 2981.63 21.51 29.82

Cluster 3 4 1820.05 19.15 33.94

Cluster 4 1 0 0 0

Correlation coefficient

The coefficient of variation represents the degree of
variability present in a wide range of qualities, but it
excludes the heritable component. In maize, traits like
plant height, ear height, and the number of kernel rows
per ear are reported to have a positive and substantial
link with grain yield, according to the study (Sadek et
al., 2006). The values of the phenotypic correlation of
traits are shown in Table 9. Cob length was negatively
correlated with days to 50% silking, days to 50%
tasseling and the Number of kernel rows in cob. This
result was similar to Selvaraj and Pothiraj (2011) who
reported a negative correlation between cob length and

the number of kernel rows in cob. The positive and
significant phenotypic correlation was found between
grain yield and days to 50% silking (r = 0.409), days to
50% tasseling (r = 0.386), plant height (r = 0.367), cob
diameter (r = 0.490) and the number of kernel rows in
cob (r = 0.382) respectively. Alvi et al. (2003), Prakash
et al. (2006), Sharma et al. (2021), and Bartaula et al.
(2019) reported similar findings. The ear height and
plant height were both positively and strongly
correlated with grain yield (Nzuve et al., 2014). If there
is a positive and high correlation between such traits, it
would show an indirect selection of genotypes for grain
yield.

Table 9. Pearson’s correlation coefficient among growth, yield and its attributing traits of sixteen single-cross hybrids of maize

Traits 1. 2. 3. 4. 5. 6. 7. 8. 9.
1. Days to 50% tasseling 1

2. Days to 50% silking 0.993** 1

3. Plant height, cm 0.609** 0.635** 1

4. Ear height, cm 0.569** 0.592**  0.715** 1

5. Leaf area per plant 0.545 0.559**  0.619**  0.552** 1

6. Cob length, cm -0.025 -0.055 0.104 0.04 0.24 1

7. Cob diameter, cm 0.419* 0.401* 0.215 0.188 0.291 0.424 1

8. No. of kernel rows in cob  0.445* 0.475**  0.296 0.294 0.199 —-0.086 0.294 1

9. Grain yield, t ha™* 0.386* 0.409* 0.367* 0.218 0.127 -0.082 0.490**  0.382** 1

* — correlation is significant at the 0.05 level, ** — correlation is significant at the 0.01 level

Conclusion

Significantly differed traits were observed except ear
height, the number of kernel rows in cob and cob
length, implying that maize hybrids have genetic
diversity that can be used to increase yield. In all traits,
PCV was bigger than GCV, indicating that there was an
environmental influence. Days to 50% silking, days to
50% tasseling, plant height, cob diameter and the
number of kernel rows in cob were found to have a
maximum correlation with grain yield; these traits may
boost grain yield. The cluster analysis revealed that the
hybrids had genetic variability. The maximum distance
between cluster centroids was found between cluster 2
and cluster 4, showing genetic dissimilarity. The
hybrids namely KWM-91 x KWM-93 followed by
KWM-93 x KWM-91 and KWM-92 x KWM-93 was
identified as a superior hybrid for grain yield. The grain
yield production can be maximized by growing these
maize hybrids.
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plant height, and yield in spinach. Different Iranian
spinach varieties also showed significantly greater
vegetative attributes and yield attributes at the
application of higher N compared to no application of
N (Ahmadi et al., 2010). When N deficiency occurs, it
affects the function of enzymes, causes the breakdown
of nucleic acids and proteins, hastens senescence, and
inhibits plant growth resulting in reduced quality and
quantity of spinach. N deficiency in spinach plants is
often expressed as stunted growth and leaf yellowing
(Torres-Olivar et al., 2014). The amount of N and
chlorophyll per unit leaf area was decreased by 60% by
N deficit in spinach (Evans, Terashima, 1988). There
was a two-fold decrease in the number of leaves per
plant in the control application of N compared to
130 kg N ha *(Shormin, Kibria, 2018). The deficiency
of N in the plant can be attenuated by the application of
inorganic and organic sources of N into the soil.
Mineral nutrients due to their readily available N are
widely popular. Readily available farmyard manure
(FYM) in rural areas for marginal farmers contains all
the nutrients needed for crop growth including N (0.5—
1.5%) is also used widely for soil N fertility
enhancements. Along with N, FYM makes other
elements more readily available to the plants increasing
soil fertility status of soil (EI-Habet, 2018).

Most Nepalese farmers have low financial resources
to purchase a sufficient amount of inorganic fertilizers
to supply N nutrients adequately which hinder
achieving the desired yield. Further, financially well-
being farmers lack proper knowledge about the
optimum dosages of N fertilization in spinach. They
tend to rely on the misconception of using higher
dosages of N fertilizer for higher productivity. This
irrational use of N causes toxic compound accumu-
lation on edible products which may be harmful to
humans and cause environmental pollution. Moreover,
it increases the cost of production and causes economic
loss (Canali et al., 2008). Thus, knowledge of the
judicious use of N is required to overcome these
challenges. A study by Hashimi et al. (2019) indicated
that application of the N and FYM singly or combined
on soil improve soil N and positively influenced the
overall growth parameters and yield parameters in
spinach. However, little research is conducted on the
effective level of N usages for spinach in the context of
Nepal. So, it is best to have rational knowledge about
the optimum dosage of N fertilizer as well as look for
an alternative approach to alleviate such problems.

The objective of this study was to determine the
effects of different levels of nitrogen and FYM on
vegetative growth and yield characteristics of the
spinach plant.

Materials and Methods

Description of the study area

This experiment was carried out in the research field
of the Institute of Agriculture and Animal Science
(IAAS), Lamjung Campus, Sundarbazar, Lamjung,
Nepal from November 1 2019 to January 1 2020 to

investigate the effect of N and FYM on the growth and
yield of spinach plant. The research field is located at
28.13°N latitude, 84.42°E longitude and 630.02 m
altitude. The maximum and the minimum temperature
recorded during the experiment was given in Figure 1.
Similarly, the average relative humidity and rainfall
were 44%, and 3 mm respectively.

30
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Figure 1. Meteorological data during
(November 1, 2019, to January 1, 2020).

the experiment

Baseline soil samples were taken from the different
homogenous units of the field by driving the auger to a
plough depth of 15 cm. 20 samples were collected and
thoroughly mixed and foreign materials like roots,
stones, pebbles and gravels were removed. Then the
thoroughly mixed sample was divided into four equal
parts. The two opposite quarters were discarded and the
remaining two quarters were remixed out until we
reached the required amount of sampled soil. Finally, it
was air-dried under room conditions and the sample
was analyzed at National Soil Science Research Centre,
Khumaltar, Lalitpur, Nepal for soil physicochemical
analysis (Table 1).

Table 1. Soil physical and chemical properties of the
experimental site

Soil Component Values Remarks
pH 5.93 Acidic
N% 0.18 Medium
P, kg hat 355 Medium
K, kg hat 1098.8 High
oM 3.63 Medium
Sand 56.0

Slit 29.7

Clay 14.3

Soil texture Sandy Loam

Description of experimental materials

The spinach variety 'All Green' was used for the
experiment. This variety can be grown in the Lamjung
district of Nepal. The seeds were obtained from Dawadi
Agrovet, Narayangarh, Chitwan, Nepal. The source of
the nitrogen fertilizer was urea (46% N). The urea was
obtained from the same Agrovet.

Treatments, experimental design and cultural
practices

There were seven different levels of treatments: T1:
Okg N ha, T2: 30kg N ha?, T3: 60 kg N ha?, T4:
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60kgN+10tFYMha?, T5: 60 kg N + 20 t FYM ha'?,
T6: 90 kg N ha*and T7: 120 kg N ha™*. The area of
98 m? field was divided into 21 plots with each plot
having an area of 4 m? and the spacing between each
plot was 0.5 m. Three replications of the treatments
were arranged in Randomized complete block design
(RCBD). Before sowing seeds of spinach var. (30 x 20
cm spacing), P (20 kg ha™; Di-Ammonium Phosphate)
and K (40 kg ha; Murate of Potash) and 50% of N
(Urea and Di-Ammonium Phosphate) and as per
treatment listed full dosages of FY M was supplied. The
remaining N (Urea) was supplied in equal proportion in
the 2"@and 4" weeks after sowing as per treatment level.
The farmyard manure (FYM) used in this experiment
was cattle FYM. It was matured after 5 months of
decomposition. The FYM consisted of 1.33% total
nitrogen, 0.23% available phosphorous, 0.5% K0,
2.38% exchangeable K, 0.14% exchangeable Fe,
0.78% exchangeable Ca and 0.38% exchangeable Mg.

Data observation

Fifty-six days after sowing, observations were carried
out in randomly selected five plants per plot in the
following parameters: plant height (cm), number of
leaves per plant, leaf length (cm), leaf width (cm), leaf
fresh weight per plant (g), yield per hectare (t ha™)
(Eq. 1). The plant height was measured as a distance
from the ground level to the maximum vertical point of
the foliage. The leaf length was measured as the
distance between the petiole and leaf apex. Leaf width
was measured as the average of three expansions in the
25%, 50%, and 75% parts of the leaf.

The fresh weight of leaves was taken and yield per
hectare was computed by using the following formula:

Leaves weight, gplant™ X total plant popul. ha™
. -1 — 1
Vield,tha 1000 x 1000 @

Data analysis

Data were recorded and entered into MS-Excel 2016.
The data were analyzed using SPSS 16.0 and R studio.
Data were statistically analyzed according to RCB
design, One-way ANOVA was used to analyze data.
The differences among treatments were separated using
Duncan at a 5% level of significance.

Results and Discussion

Growth Attributes

Table 2 illustrates the results of the effects of various
levels of N and FYM on plant height, number of leaves,
leaf length and leaf width. Plants were the tallest at
120 kg N ha? (22.68 cm) and the value was not
significantly different from those at 90 kg N ha™,
60 kg N + 20 t FYM hat. More or less similar trends
appeared in the case of the number of leaves and leaf
length in the plants. In 8" weeks after sowing, the
significantly higher no. of leaves (12.93) was observed
when the plants were grown with 120 kg N ha* which
was statistically par with 90 kg N ha (12.16) and
60 kg N + 20t FYM ha (11.4). Leaf length was also
found the longest at 120 kg N ha™ (14.94cm) which
was statistically par with 90 kg N ha and 60 kg N +
20t FYM ha™t. Similarly, significantly wider leaves
were observed at 120 kg N ha* (6.69 cm) which was
statistically par with 90 kg N ha™ (5.94 cm), 60 kg N +
20tFYMha (5.39 cm) and 60 kg N + 10 t FYM ha?
(5.35cm). Hence, the values for these parameters
improved with the addition of the nutrients tended to
level off at 60 kg N+ 20 t FYM hat. Compared to the
Control of no N and FYM application, an increase in
the value of mean plant height and mean number of the
leaves were found to be 40% and 68% higher at 60 kg N
+ 20t FYM hat. Similarly, mean leaf length and mean
leaf width was found to be 56% and 14% higher
respectively at 60 kg N + 20 t FYM ha* over control
treatment of no nutrient addition.

Table 2. Effect of different levels of nitrogen and FYM on the growth attributes of spinach (Spinacia oleracea L.)

Treatments Plant height, cm No. of leaves  Leaf length, cm  Leaf width, cm Fresh weight per leaf, g Yield, t ha™®
0kg N hat 15.18 + 2.76¢ 6.77 +1.38¢ 7.62 +1.90¢ 4.65+0.93° 8.94 + 1.82¢ 1.68 + 0.34¢
30 kg N hat 16.35 + 2.36™ 8.55 + 1,52 8.41 + 2,57 5.02 + 1.49" 11.29 + 2.00% 2.12 +0.37¢
60 kg N ha?t 19.17 +1.80% 9.79 +1.23% 9.68 +0.83% 5.28 +0.74%® 12.92 +1.63% 2.42 +0.30%
60kgN+10tFYMha?'  20.01 +1.40%® 10.13 £2.61% 10.73 £2.26° 535+ 1.09% 13.37 £ 3.44% 2.51 +0.64"
60 kg N + 20tFYM hat 21.28 +1.80° 11.40 + 0.91% 11.91 +1.72%® 5.39 £ 0.29° 15.04 + 1.20® 2.82 +0.22%
90 kg N ha?t 21.67 +2.05% 12.16 +1.18%® 13.50 + 1.35%® 5.94 + 1.56% 16.06 + 1.56® 3.01 £0.29®
120 kg N ha! 22.68 + 1.47* 12.93 +0.61* 14.94 + 1.37° 6.69 +1.32° 17.07 £ 0.80° 3.20 +0.15°
Mean 19.48 10.25 10.97 5.47 13.53 2.53
SEM+ 417 2.00 3.50 1.20 0.986 0.184
CV % 10.48 13.82 17.06 19.99 12.60 12.60
LSD (0.05) 3.63 2.52 3.33 1.95 3.039 0.569
F test *% *% *% *% *% *%

Means in a column followed by different lowercase letter/s are significantly different according to Duncan multiple range test at P = 0.05. **
Highly significant at 0.01 level of significance, SEM+ — standard error of the mean, CV — coefficient of variation. Mean in a column followed

by + standard deviation.

The obtained results align with the findings of Mirdad
(2009) where plant height and number of leaves per
plant with the addition of high N level resulted in
significant increments in these characters of spinach
plants. Similarly, Zaman et al.(2018), Solangi et al.

(2015) and Shormin and Kibria (2018) recorded taller
plant height and higher number of leaves per plant with
the higher application of 150 kg N ha* compared to
other lower levels of N treatment. Zheng (2009)
reported that N plays a pivotal role in cellular carbon
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ABSTRACT. The main parameters of the microclimate of pig farms are
regulated by the norms of technological design. Naturally, such micro-
climate parameters at real energy prices require high costs, but these are the
most favourable conditions for the life of suckling piglets. According to the
presented analysis, the problem of research is the need to provide a micro-
climate in the room for comfortable keeping of pigs, which is currently
achieved through high energy. The purpose of the development is to increase
the efficiency of the microclimate of pig farms by using a mechatronic
control system, rational use of utilized air energy and soil thermal potential
with reduced energy costs of the ventilation system. The problem is solved
by creating such a mechatronic system to ensure the microclimate of pig
farms, which can: switch the direction of airflow to ensure the operation of
the system in winter and summer; to control the movement of air, which
must be disposed of according to the parameters of its quality; to provide a
local microclimate in each place where animals are kept; rational use of soil
thermal energy as a source of alternative energy; to carry out automatic
pumping of the water necessary for humidification of air, and its utilization.
The article presents the results of research of parameters of the developed
mechatronic system of providing microclimate of pig premises, which were
carried out in three stages: research of heat exchanger of side-evaporating
type; substantiation of the ventilation system of polluted air intake;
substantiation of the ventilation system for injecting clean air taking into
account it's geothermal heating/cooling. The advantage of the proposed
mechatronic system of the microclimate of pig farms is that it allows
increasing the efficiency of microclimate by rational use of energy of
utilized air (due to the use of side-evaporator type heat exchanger based on
Maisotsenko cycle) and soil heat potential (geothermal energy) at low
operating costs of the ventilation system through the additional provision of
mechatronic elements. The presented results of numerical simulation of the
indirect evaporative heat exchanger allow us to state that the cooling effect
obtained in indirect evaporative channels can be quite high in comparison
with traditional air conditioning patterns. The presented heat exchanger
based on the Maisotsenko cycle (M-cycle) of considered heat carrier flow
scheme is characterized by its high cost-effectiveness, low specific cost,
small operational costs and structural simplicity, which is confirmed in the
works. The models obtained in the Star CCM +software package can be used
for optimization analysis of air-cooling with variations in the Reynolds
number, humidity, channel length and geometric dimensions of channels.
Because of analytical investigations of the contaminated air intake
ventilation system, the method was developed and on its basis — the
algorithm was implemented for the determination of geometrical
arrangement of holes in the air duct of the mechatronic system for pigsty
microclimate maintenance.
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is the difference between the sum of distances and
accepted air duct length | Leaic — L | <0.01, clause
9 action is performed, otherwise clause 2 is
fulfilled.

9. Determination of hole area ccac = o.

10. Determination of n, scalc, xi, wi Parameters.

6. Meeting the condition: if the sum of distances Lcaic
> L, then clause 7 actions of is performed, other-
wise clause 3 is fulfilled.

7. Determining the number of holes n =i.

8. To ensure required convergence of the air duct's
total length, we fulfil the condition: if the modulus
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Figure 4. Algorithm for calculating the geometrical arrangement of holes in the microclimate system’s air duct

The method so developed and the algorithm imple-
mented on its basis (Fig. 4) are implemented in the
Mathematica software package.

The third stage of investigations, and namely the
substantiation of clean air charging ventilation system
taking into account its geothermal heating/cooling, was
conducted based on analytical studies in the Mathe-
matica software package (Aliev et al., 2018). To
develop the mathematical model for heat elimination
process in clean air charging ventilation system taking
into account it's geothermal heating/cooling, we make
the following assumptions: heat elimination process

through air duct walls takes place in their thickness
only; the process of heat elimination through air duct
walls is instantaneous; due to a slight change in airflow
pressure (Ap = 10-200 Pa) during its movement along
the air duct, the system's thermodynamic process is
considered isobaric; airflow in air ducts is homoge-
neous and isotropic; the air duct is at the depth of 3—
5m from the surface (soil temperature ranging from
7 °C to 13 °C depending on the season). To investigate
the heat elimination process, the computational model
was generated, which is shown in Fig. 5.
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Figure 5. A computational model for heat elimination process in clean air charging ventilation system taking into account it's
geothermal heating/cooling

According to Newton-Richman's law (Schmidt,
2019) and the equation for heat elimination through a
cylindrical wall (Kreith et al., 2010) we obtain a
differential equation for heat elimination process within
clean air charging ventilation system taking into
account its geothermal heating/cooling:

mlcpdTl(X)_ TCKl(TZ - Tl(X))dX =0, 4)

where X is the coordinate, m; m; = V1 - p(T1) — mass
air consumption in the air duct, kg s 3"s%; Vi = viA; —
volumetric air consumption in the i-th air duct, m3s?;
vi — air velocity in the air duct, ms%;, A; = - r? —air
duct's cross-sectional area, m?; r; — air duct radius, m;
Cyp — specific air heat; T, — air flow temperature in the
air duct, K; T, - soil temperature, K;
Ki = ((0a(2rs — 8)) ™ + (au(2r1 + 8)* + g((2r1 + 8)/
(2r1 — 8))/(21))* — linear heat elimination ratio for a
cylindrical air duct can be calculated using the formula;
oa = A - Nug/d; — heat elimination ratio in the air duct,
W (m?-K)™%; § is the air duct wall thickness, m; A is the
air duct wall specific thermal conductivity, for
polyethene; Nu; = 0.018 Re?® — Nusselt number for air
flow in the i-th air duct; d; = 2r; — air duct diameter, m;
Re; = d1vip(T1)/l— Reynolds number for air flow in the
air duct; p — dynamic air viscosity; vi — air velocity in
the i-th air duct, m s%; p(T1) = 273po/T1 — air density in
the i-th air duct at constant pressure, which is associated
with its temperature, kg m®-%; po. — air density under
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normal conditions (Tnc. =273 K, Po= 101325 Pa), po =
1.293 kg m®-L; L is the air duct length, m. According to
Fig. 5, boundary conditions are T1(0) = T, where T —
the temperature at air duct inlet, K.

Results

As a result of the first stage of investigations, and
namely, the numerical simulation, obtained was the
field of temperatures and mass concentrations in the
channels of the indirect evaporative heat exchanger
(with Reynolds number Re = 100, the temperature at
the working channel inlet to = 30 °C, initial humidity oo
= 30% shown in Fig. 6. It follows from the figure that
the average air temperature in the working channel
(under these conditions) is lower than the wet channel
temperature (P-value for numerical simulation was
0.05). At the same time, the mass concentration of air
in the wet channel increases. The data also indicate that
a fairly large part of the heat exchange area in the wet
channel is in the saturation state. Moreover, tempera-
ture change along the wet channel length is not mono-
tonous, and at a certain distance from the inlet, its
minimum is observed. Reduction of relative humidity
value at the inlet to the heat exchanger will increase the
intensity of water film evaporation in the wet channel,
and therefore, will reduce temperatures parameters in
the dry and the working channels.

K10°
185
175
16,5
155
145

il 35

25
15
10,5

9,5
85
7.5

0 10 20 30 40 x/d

Figure 6. Fields of temperatures (a) and mass concentrations (b) in channels of the indirect evaporative heat exchanger (Re =

100, to = 30 °C, ¢o = 30%)

As a result of the second stage of investigations, and
namely the substantiation of the contaminated air
intake ventilation system, taking into account its
structural and process parameters (L = 5.8 m; ¢ = 0.65;
o=0.4; k= 0.01717 m; r; = 0.14 m; r3 = 0.2 m; Vo =
0.14 m¥s?; x; =0.9 m; vy = 0 ms?), determined was
the number of holes n = 7 and their area 6 = 0.011 my,

as well as the distribution of distance between the holes
according to Figure 7 and air velocities through the
holes.

Analyzing Figure 7, one can state that the distance
between the holes gradually decreases from 0.94 to 0.6
m in the direction opposite to the airflow. However, at
the end of the duct, observed is a slight decrease in the
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distance by 0.04 m, which is caused by back airflow,
which collides with the muffled end. A similar
phenomenon is also observed with the distribution of
air velocities through holes.

As a result of the third stage, and namely the solu-
tion of the differential equation (4) together with boun-
dary conditions in Mathematica software package and

X;, m

0.8 +

0.6 1 — — —

0.4 4

0.2 4

(U
1 2 3 4 5 6 i

assuming the structural and process parameters (L = 20
m; ;. =0.25m; V1 =0.14 m®s?; § =0.0002 m) of the
clean air charging ventilation system air, we obtain the
temperature distribution of air flows along the air duct
length for different periods of the year (Fig. 8).
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Figure 7. Distribution of distance between the holes (a) and air velocities through them (b) along the length of the air duct of the

contaminated air intake ventilation system
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Figure 8. Distribution of air flow temperature in the air duct of the ventilation system for injecting clean air along its length in

summer (a) and winter (b) periods of the year

As can be seen from Figure 8 (a), in the summer
period (soil temperature — 13 °C) the airflow from the
indirect evaporative heat exchanger (temperature —
25 °C), moving inside the air duct (length 20 m) of the
clean air charging ventilation system, reduce its
temperature down to 17.8 °C. In its turn, in the winter
period (soil temperature — 8 °C) the airflow from the
indirect evaporative heat exchanger (temperature —
25 °C), moving inside the air duct, reduces its tempera-
ture down to 15.1 °C.

Discussion

The presented results of numerical simulation of the
indirect evaporative heat exchanger allow us to state
that the cooling effect obtained in indirect evaporative
channels can be quite high in comparison with traditio-
nal air conditioning patterns. The presented heat
exchanger based on the Maisotsenko cycle (M-cycle)
of considered heat carrier flow scheme is characterized
by its high cost-effectiveness, low specific cost, small
operational costs and structural simplicity, which is
confirmed in the works (Mahmood et al., 2016). The

models obtained in the Star CCM +software package
can be used for optimization analysis of air-cooling
with variations in the Reynolds number, humidity,
channel length and geometric dimensions of channels.
One can assume that similar trends will be observed at
other temperature and air humidity parameters at the
heat exchanger inlet, but this conclusion requires
additional calculations. These calculations will allow
you to build an automated control system of the heat
exchanger side-evaporator type to control the humidity
in the room depending on the temperature. Indoor
humidity is very significant and must be constantly
adjusted depending on the temperature. At low humi-
dity, livestock tolerates high temperatures more easily.
Pigs are most resistant to high humidity. At the
temperature of 32 °C, pigs weighing 100 kg respond
equally both to the humidity of 30% and to that of 90%
(Zhizhka, Povod, 2019).

Because of analytical investigations of the contami-
nated air intake ventilation system, the method was
developed and on its basis — the algorithm was imple-
mented for the determination of geometrical arrange-
ment of holes in the air duct of the mechatronic system
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for pigsty microclimate maintenance. It was established
that the distance between the holes gradually decreases
to a certain value in the direction opposite to airflow
movement. However, a slight reduction in the distance
at the air duct end is observed due to the backflow of
air colliding with the muffled end. Previous experimen-
tal studies allowed concluding that generated algorithm
for the calculation of geometrical arrangement of holes
in the air duct of the mechatronic system for pigsty
microclimate maintenance is adequate and may be used
in engineering calculations, as evidenced by a high
correlation between theoretical and experimental data
R =0.92-0.98.

Because of theoretical investigations of the clean air
charging ventilation system taking into account its
geothermal heating/cooling, developed was the mathe-
matical model of the heat transfer process in the pipe
heat exchanger, which allows determining the distri-
bution of airflow temperature along its length. Further
investigations will be aimed at optimizing the results of
theoretical studies to determine the dependence bet-
ween structural parameters of the clean air charging
ventilation system (length, radius and air duct material)
and volumetric consumption of the air passing through
the same under the condition of maximum useful heat
output.

Presented results of numerical simulation, analytical
and theoretical investigations allow asserting the feasi-
bility of using the indirect evaporative heat exchanger
based on the Maisotsenko cycle, the contaminated air
intake ventilation system and the clean air charging
ventilation system taking into account its geothermal
heating/cooling.

In addition, it is expedient to use the indirect evapo-
rative heat exchanger based on the Maisotsenko cycle
not only as a cooler but at the same time as a humidifier
of airflows. It should also be noted that in the manage-
ment of the above processes, only mechanical energy is
consumed to drive fans to blow air through respective
channels.

Conclusion

The advantage of the proposed mechatronic system
for pigsty microclimate maintenance is that it allows
increasing the efficiency of microclimate maintenance
thanks to expedient use of recycled air energy (due to
the use of indirect evaporative heat exchanger based on
Maisotsenko cycle) and thermal potential of soil (geo-
thermal energy) with the ventilation system's reduced
energy costs thanks to the additional provision of
mechatronic elements.

It was established as a result of analytical investi-
gations of the expedient geometrical arrangement of
holes in the contaminated air intake ventilation system
that the option of hole arrangement (as obtained accor-
ding to the calculation algorithm so developed) is the
most efficient one, as it ensures a uniform airflow
distribution along the air duct length.

Analysis of results of theoretical investigations of
heat elimination process in the clean air charging

ventilation system taking into account its geothermal
heating/cooling has proved its feasibility and effi-
ciency, which allows reducing the specific energy
consumption for maintenance of the entire micro-
climate system.
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