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ABSTRACT

This study aimed to evaluate the agronomic performance of millet in response to the application of organic fertilizer
combined with different levels of mulch cover on the soil. The research was carried out in the Brazilian semi-arid. The
experimental design was randomized in blocks under split plots, with four replications. Five levels of mulch cover were
applied (0, 1, 2, 3, and 4 Mg DM ha?), and tested combined with and without organic fertilization (30 Mg ha* of cattle
manure). The agronomic characteristics of the millet cultivar were evaluated: stem length and diameter, number of tillers,
inflorescence length, leaf area, leaf area index; gas exchange (photosynthesis, stomatal conductance, and instantaneous
water use efficiency); and the dry mass yields. In general, morphological traits, CO, assimilation rate, stomatal
conductance, and water use efficiency were improved by the use of organic fertilizer combined with the increasing levels
of mulch cover. The greatest number of tillers per plant (5.75) was observed with organic fertilization combined with the
application of 4 Mg DM ha* of mulch cover (p<0.05). The greatest level of mulch cover could increase photosynthesis
by 79%. The application of mulch cover at the level of 4 Mg DM ha favored better growth responses and yields of the
millet. The use of mulch cover potentialized the effects of the organic fertilizer on the millet.

Keywords: Cattle manure; cover crop; CO; assimilation; forage production; Pennisetum glaucum.

A associagao de cobertura morta e adubacao orgéanica melhora o desempenho
agronémico do milheto sob cultivo de sequeiro no semiarido

RESUMO

Este trabalho teve como objetivo avaliar o desempenho agronémico do milheto em resposta a aplicagéo de adubo organico
combinado com diferentes coberturas mortas no solo. A pesquisa foi realizada no semidrido brasileiro. O delineamento
experimental foi casualizado em blocos em parcelas subdivididas, com quatro repeti¢Ges. Cinco niveis de cobertura morta
foram aplicados (0, 1, 2, 3 e 4 Mg MS ha™l), e testados combinados com e sem adubacdo orgéanica (30 Mg ha de esterco
bovino). Foram avaliadas as caracteristicas agronémicas da cultivar de milheto: comprimento e didmetro do caule, nimero
de perfilhos, comprimento da inflorescéncia, area foliar, indice de area foliar; trocas gasosas (fotossintese, condutancia
estomatica e eficiéncia instantanea do uso da éagua); e a producdo de matéria seca. Em geral, as caracteristicas
morfolégicas, a taxa de assimilacdo de CO,, a condutancia estomética e a eficiéncia do uso da agua foram melhoradas
pelo uso de fertilizante organico combinado com niveis crescentes de cobertura morta. O maior nimero de perfilhos por
planta (5,75) foi observado com a adubagdo organica combinada com a aplicacdo de 4 Mg MS ha de cobertura morta
(p<0,05). O maior nivel de cobertura morta poderia aumentar a fotossintese em 79%. A aplicacéo de cobertura morta na
dose de 4 Mg MS ha'* favoreceu melhores respostas de crescimento e produtividade do milheto. A utilizagfo de cobertura
morta potencializou os efeitos da adubagéo orgénica sobre o milheto.

Palavras-chave: Assimilagdo de COy; cobertura morta; esterco bovino; Pennisetum glaucum; producéo de forragem.
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Graphic abstract: Effects of association of organic fertilization with different levels of mulch on structural
characteristics, photosynthetic responses, and forage production in pearl millet.

Introduction

Water resources are scarce in several areas
of the world, especially in arid and semi-arid
regions, where it is a recurring problem that has
negatively impacted the sustainability of
agricultural production and food security (Kumar
et al., 2021). The search for adapted crop species
and improvement of the management practices in
production systems of these areas has been the
alternative currently explored to mitigate the
problems associated with this variability in water
supply, high temperatures, and soils with low
fertility. These management practices are
considered resilient actions available for the
producers in rainfed regions (Araujo et al 2021).

In the Northeast region of Brazil,
characterized by the predominance of a semi-arid
climate, there is a lack and irregularity of rainfalls
combined with high evapotranspiration (Silva et
al., 2023; Jardim et al., 2023). These factors impact
the biomass production of most crops and forage
plants. Among the strategies to produce forage
under semi-arid conditions, can be highlighted the
use of forage species adapted to dry environments
(Simdes et al., 2022), controlled irrigation (Girma
and Jemal, 2020), organic fertilization (Silva et al.,
2023), and use of mulch cover (Souza et al., 2022).

Millet (Pennisetum glaucum L.) is a dual-
purpose forage grass, its grain is used for human
consumption and forage for feeding ruminants,
mainly in silage and direct grazing. It is an
important crop for agriculture and livestock
production in semi-arid areas, especially under

rainfed systems (Bijarnia et al., 2020). Millet
potential is a consequence of its low water
requirements (~350 mm), tolerance to high
temperatures (42°C), low cost of cultivation and
management, short growth cycle, high nutritional
quality, and adaptation to semi-arid edaphoclimatic
conditions (Bijarnia et al., 2020; Almeida et al.,
2021; Kavya et al., 2023). India is the country
responsible for approximately 42% of the global
production of millet. India is the country
responsible for approximately 42% of the global
production of millet. On a productive scale, the
millet cultivated area was 7.34 million hectares
producing 10.86 million tons, representing a
productivity of 1,436 kg ha-1 (Kavya et al., 2023).

Inefficient plant nutrition contributes to
reduced soil fertility. The high price of inorganic
fertilizers has increased the non-reposition of soil
nutrients in agricultural areas, mostly under
subsistence agriculture (Coulibaly et al., 2019).
Currently, several studies have shown the benefits
of using organic fertilizers, which include the
availability of soil nutrients, improvements in soil
structure and aggregates, increases in soil water
holding capacity, and reduction of fertilization
costs, among others (Assefa and Tadesse, 2019;
Coelho et al., 2021; Liu et al., 2022; Pei et al.,
2023). Even when the release of the nutrients from
some organic fertilizers is slow (indigested or fresh
manure), there are positive impacts on the yields of
forage crops (Vital et al., 2020; Kumar et al., 2021;
Zhai et al., 2022; Liu et al., 2023).
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The use of mulch cover has been suggested
as an alternative agricultural management for
reducing the impacts of the absence of water or
high evapotranspiration in semi-arid regions
(Tuure et al., 2021; Chai et al., 2022; Souza et al.,
2022; Dantas et al., 2023). Several benefits of using
mulch cover can be highlighted including the
retention of soil moisture, less variation in soil
temperature, greater microbial activity, reduction
of erosion and surface runoff, and better soil
aeration (Souza et al., 2022). In addition, mulch
cover also plays other important roles as a source
of nutrients due to the decomposition of its
biomass, and suppression of weeds (Kader et al.,
2017; Webber et al., 2022).

Previous studies evaluated the effects of
organic fertilization (Vital et al., 2020; Kavyaet al.,
2023), mulch cover associated with the
intercropping of millet with cactus (Souza et al.,
2022), and the use of wastewater on millet gas
exchange in a greenhouse (Silva et al., 2021).
However, no study has investigated the interactions
of organic fertilization associated with different
levels of mulch cover in millet cultivation in semi-
arid areas. Furthermore, the present study brings
newer investigating the association of these

management practices with growth characteristics,
forage production, and gas exchange of millet in
rainfed cultivation in a semi-arid environment.

The objective of this study was to evaluate
the agronomic characteristics, forage production,
and gas exchange of millet under organic
fertilization combined with different levels of
mulch cover in rainfed cultivation in the semi-arid
region. We hypothesize that organic fertilization
and the use of increasing levels of mulch can
improve the morphophysiological and productive
characteristics of millet.

Material and methods

The experiment was carried out from
March to May 2019, at Lagoinha Farm, located in
the city of Serra Talhada-PE, Pajel microregion,
496 m a.s.l, latitude: 7° 55'48” S and longitude: 38°
17" 8 W (Figure 1). According to the Koppen
classification, the climate of the region is BShw'
type, semi-arid, hot, and dry. The rainy period
occurs between December to May, and March is

Figure 1. Location of the experimental area, Lagoinha Farm, Serra Talhada-PE, Brazil.

The meteorological
(precipitation, air temperature, evapotranspiration,
and air humidity, Figure 2) were measured at an

the rainiest month. The annual average
precipitation is 642 mm year?® (Alvares et al.,
2013).
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city, Pernambuco, Brazil. Reference

3191

lzidro, J. L. P. S.; Souza, E. S.; Leite, M. L. M. V.; Simdes, V. J. L. P.; Silva, J. R. |.; Tabosa, J. N.



Revista Brasileira de Geografia Fisica v.16, n.6 (2023) 3189-3203.

evapotranspiration was calculated using the
Penman-Monteith method available in the FAO-56
bulletin (Allen et al, 1998). During the
experimental period, the accumulated rainfall was
365.6 mm. The soil chemical analysis and physical
of the experimental area in millet values were in
(Table 1) and (Table 2), respectively.

The millet (Pennisetum glaucum (L.) R.
Br.) cultivar IPA BULK 1 BF was planted on
January 4% 2019, at 4.0 cm depth, with 0.70 m
planting spacing between rows. After seven days, a
standardization removal of plants was performed,
leaving 15 plants per linear meter, resulting in an
average population of 214,000 plants ha®. On
March 15" 2019, a standardization cut was carried
out at 10 cm height above the ground. After the
standardization, the plants began to be monitored
and evaluated.

The experimental design was randomized
in blocks, with split plots. The main plots were
composed of two conditions of organic fertilization
(absence and fertilization with 30 Mg OM ha?),
and the subplots by five mulch cover levels (0, 1,
2,3,and 4 Mg DM hat), with four replications. The
plots had dimensions of 112 m?(14.0 x 8.0 m) and
the subplots of 11.2 m? (2.8 x 4.0 m). The sampling
area of each subplot comprised the two central
rows, with experimental borders of 1.0 m at each
side, totaling a 2.8 m? area per plot.

The source of organic fertilizer was
matured cattle manure. This manure was produced
by the herd of the experimental station. The manure
was manually surface applied at a rate of 3.4 kg
OM m?, on January 3" 2019, based on the
recommendation of Cavalcanti et al. (2008). The
chemical characteristics of cattle manure were
24.74 g kg™ of nitrogen, 3.16 g kg™ of phosphorus,
28.50 g kg potassium, 37.31 g kg calcium, 7.58
g kg?! of magnesium, 695.03 g kg?! of organic
matter, 34751 g kg' of carbon, and a
carbon:nitrogen ratio of 14.

During the trial, manual weeding was
carried out eventually. The mulch cover was

applied on March 14™ 2019, using the straw of the
native pasture present in the experimental station,
which was mostly composed of
Urochloa mosambicensis (Hack.) Dandy. The
levels of mulch cover applied were 0, 1, 2, 3, and 4
Mg DM ha.

Two plants were evaluated in the sampling
area of each subplot. Among the morphological
variables measured included: stem length —
measured from the base of the stem to the insertion
of the flag leaf; stem diameter — measured at the
base of the stem at 5 cm from the ground; the
number of tillers — counted manually; panicle
inflorescence length — from the insertion to the
apex of the panicle; leaf blade length — measured
from the ligule to the end of the leaf blade; and leaf
blade width — measured from the middle region of
the leaf blade. A digital caliper, measuring tape,
and a millimeter ruler were wused in the
measurements taken 60 days after the
standardization cut. The leaf area was estimated at
30 days of regrowth, based on measurements of the
length and width of the leaf blade according to
Leite et al. (2019). The leaf area index (LAI) was
recorded using the light meter device AccuPAR LP
- 80, Decagon Devices, Pullman, USA. Readings
were taken at 30 days of regrowth, between 11:00
am and 12:00 pm, in the useful area of each
subplot.

Plant gas exchange was recorded at 45 and
60 days of regrowth. The measurements were taken
at the leaf level: net CO; assimilation, stomatal
conductance, and water use efficiency (net CO;
assimilation/transpiration). To measure these
variables, a Portable Infrared Gas Analyzer model
Licor 6400XT was used, operating using artificial
light of 2000 pmol of photons m2 s, The readings
were performed on the third fully expanded leaf,
from top to bottom, between 8:00 am and 11:00 am.
These measurements were recorded in one plant
per subplot.
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Figure 2. Precipitation and rainfall distribution, reference evapotranspiration (ETo), maximum (Tmax) and
minimum (Tmin) air temperature, and relative air humidity during the experimental period, Serra Talhada-PE,
Brazil. The dashed lines indicate the evaluation period and the millet phenophases (FC1 — vegetative, FC2 —
inflorescence formation, and FC3 — grain phase).

Table 1. Soil chemical analysis in millet with different levels of mulch and organic fertilization.

P pH K Al Ca Mg Na

- mg/dm?3 (H20) cmolc/dm?®
0-10 28 7.90 0.80 0.00 11.50 1.50 0.70
20-30 8 7.90 0.15 0.00 8.70 1.80 1.11

L = layer; P = phosphorus; K = potassium; Al = aluminum; Ca = calcium; Mg = magnesium; Na = sodium.

Table 2. Soil physical analysis in millet with different levels of mulch and organic fertilization.

Granulometry (%) AW
0, 0, 0,
L D “sand st clay N FO0) TO0) o e
0-10 2.52 28 22 10 4 78 SA 20.46 2.93
20-30 252 29 21 10 6 67 SA 1408 2.01

L = layer; D = density; NC = natural clay; F = flocculation; SA = Sandy loam; T = texture; AD = available
water.

The harvesting occurred on May 17 2019, harvested. They were cut at the ground level, and
and all plants in the useful area of the plots were they were weighed to estimate the green mass
3193

lzidro, J. L. P. S.; Souza, E. S.; Leite, M. L. M. V.; Simdes, V. J. L. P.; Silva, J. R. |.; Tabosa, J. N.



Revista Brasileira de Geografia Fisica v.16, n.6 (2023) 3189-3203.

production (GMP). Then, the following
morphological components were separated and
weighed on a precision scale: live leaves (sheath,
ligule, and leaf blade); stem, panicle inflorescence,
and dead material. After this procedure, the
subsamples were dried in an oven at 65 °C until
they reached constant weight. Dry matter
production (DMP) was estimated based on the total
dry mass (Detmann et al., 2012). Rainfall use
efficiency (RUE) was estimated by dividing the
DMP by the accumulated rainfall during the
experimental period (365.6 mm) (Perazzo et al.,
2013).

The data were subjected to the Shapiro-Wilk
normality test and Bartlett's homoscedasticity test.
Once the assumptions of these tests were met, the
analysis of variance (Test F) and Tukey's test were
performed to compare means (p<0.05). The
interaction effect between organic fertilization and
mulch cover (p<0.05) was tested. When the level
of mulch cover was significant, regression analyses
were performed. The software used for processing
the statistical analyzes was the R statistical
software (Team Core R, 2022), and the graphs were
produced in SigmaPlot 14.0.

Results

The organic fertilization showed no
significant influence on the morphological
variables stem length and diameter, and also,
inflorescence length (p>0.05). However, these
variables showed a significant influence from the
level of mulch cover applied (p<0.05). The stem
length showed a quadratic behavior to the level of
mulch cover, while stem diameter and
inflorescence length showed a linear response
(Figure 3).

The shorter stem lengths were recorded at
the lowest levels of mulch cover applied 0 and 1
Mg DM ha, with average values of 116.66 and
137.87 cm, respectively. On the other hand, plants
developing under intermediate levels of mulch
cover on the soil (2 and 3 Mg DM ha™?), displayed
longer stem lengths (p<0.05), 142.91 and 150.03
cm, respectively. At the level of 4 Mg DM ha* stem
length was 140.03 cm. Plants growing under bare
soil also displayed the shortest stem diameter (6.86
mm), while plants under the highest level of mulch
cover, showed a stem diameter of 8.85 mm, 29%
greater than the plants under bare soil. Increasing
levels of mulch cover increased the length of the
inflorescence (p<0.05). The inflorescence length
in plants on soils with 4 Mg DM ha of mulch
cover was 35.38 cm, greater than those without
mulch cover (28.68 cm), representing an increment
of 23%.

There was an interaction between organic
fertilization and mulch cover on the number of
tillers at 60 days of regrowth (Table 3) (p<0.05).
The greatest number of tillers per plant was
observed when combining organic fertilization of
30 t Mg ha! with the application of 4 Mg DM ha!
of mulch cover (p<0.05). When no organic
fertilizer was applied, the use of mulch cover above
3 Mg DM ha! was shown to increase the number
of tillers. The plants displayed greater leaf area
(120.92 cm?) at 30 days of regrowth when the
mulch cover was applied at the highest level of 4
Mg DM ha' (Figure 4). This superiority
represented an increase of 49% in the leaf area
compared to the plants under bare soil (80.92 cm?).
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Figure 3. Structural characteristics of millet at 60 days regrowth, stem length (SL) (a), stem diameter (SD) —
(b) panicle inflorescence length (PL) (c), as a function of different levels of mulch cover applied to the soil.
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Regarding the mulch cover levels of 1, 2,
and 3 Mg DM ha, there was a linear increase in
leaf area of 23, 28, and 41%, when compared to
plants under bare soil. The greatest LAl value
(2.11) was observed in the plants growing on the
soil that received 3 Mg DM ha* of mulch cover
(p<0.05), while the lowest (1.69) in the plants

growing without mulch cover. The plants
cultivated on the soil that received 1, 2, and 4 Mg
DM ha! of mulch cover, displayed LAI values of
2.00, 1.98, and 2.05, respectively, none of them
differed among themselves (p>0.05).

Table 3. Number of tillers per plant of millet in response to organic fertilization and soil mulch cover at 60

days regrowth.

Organic Levels of mulch cover (Mg DM hat)
fertilization p-valor
(Mg ha') 0 1 2 3 4
0 0.62 Ab 1.37 Ab 1.62 Ab 425Aa 2.62Bab <0.001
30 1.62 Ab 2.87 Ab 5.00 Ab 3.0 Ab 575Aa <0.001
p-valor 0.1521 0.0340 0.2090 0.0752 <0.001

Means followed by equal letters, uppercase in columns and lowercase in rows, did not differ statistically

based on Tukey's test (p<0.01).

In general, the net CO, assimilation rate
and stomatal conductance, and water use efficiency
of the millet were shown to be improved by the
increasing levels of mulch cover on the soil (Figure
5). The presence of mulch cover on the soil
increased photosynthesis by 79 and 69% at 45 and
60 days of regrowth, respectively, when compared
to the plants growing on bare soil. Notably, CO,
assimilation was higher at 45 days for all levels of
mulch cover applied. The stomatal conductance
showed greater results at 45 days for the plants
growing on the soil that received 4 Mg DM ha'’. As
occurred for CO. assimilation, the stomatal
conductance was higher at 45 days compared to 60
days of regrowth. The water use efficiency showed
positive responses to the use of mulch cover,
especially at the highest application rate (4 Mg DM
ha), however, at 45 days of regrowth the use of 1,
2, and 3 Mg DM ha!, showed comparable results
to the bare soil.

The regression analysis showed linear
effects of the increasing levels of the use of mulch

cover on the biomass of leaves (R?=0.89), stems
(R?=0.87), inflorescence (R?=0.83), and total dry
mass (R?=0.86) (p<0.05) (Figure 6). As expected,
the use of organic fertilization significantly
improved the dry mass production of the millet
compared to no fertilization, however, it could be
noticed that the use of mulch cover potentialized
the effects of the organic fertilizer for all
components (leaf, stems, inflorescence and total
dry mass). The regression line regarding the dry
mass production of the plants without fertilization,
except for the leaves, had their angular coefficients
reduced due to the absence of fertilization. The use
of mulch cover significantly increased the total dry
mass production in the plants that received organic
fertilizer, the use of 4 Mg DM ha* could provide
dry mass production of around 9.4 Mg ha-! at 60
days of regrowth, while the plants that received
organic fertilizer but grew on bare soil only
produced around 4 Mg DM ha.
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Figure 4. Leaf area (A) and leaf area index — LAI (B) of millet at 30 days regrowth, as a function of different

levels of mulch cover applied to the soil.

The use of 4 Mg DM ha* combined with
fertilization significantly improved the biomass of
the stems above 4.5 Mg DM hal, which was also
associated with a greater number of tillers (table 3).
Plants growing without mulch cover showed stem
production inferior to 2.5 Mg DM ha.

The biomass of the inflorescence displayed
linear results to the levels of mulch cover applied.
The use of mulch cover of 4 Mg DM ha! increased
the inflorescence production (2.2 Mg DM ha?), it
was almost three times greater than the plants
growing on bare soil (0.71 Mg DM ha?).
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rate () and stomatal conductance (b), and instantaneous water use efficiency (WUE) (c) at 45 and 60 days

of regrowth (DR).

Plants that received organic fertilizer
showed higher values of rainwater use efficiency
(p<0.05). There was no difference in the rainwater
use efficiency among the levels of mulch cover 0,

1, and 2 Mg DM ha, with or without organic
fertilization (p>0.05).

3196

lzidro, J. L. P. S.; Souza, E. S.; Leite, M. L. M. V.; Simdes, V. J. L. P.; Silva, J. R. |.; Tabosa, J. N. .



Leaf (Mg ha™)
e =
» o

Revista Brasileira de Geografia Fisica v.16, n.6 (2023) 3189-3203.

R®=0.89
R°=078 .®

@ L, =0.50+0.26x
oo L2 =0.43+0.13x

>

5.0 4

w A s
b o

N~
h

Stem (Mg ha™)
@
=)

® S, =202+061x R*=087
A . S,=124+0.192x R*=093

0.6 2.0 .
04 151
B
02 : ‘ : A 10
0 1 2 3 4 0 1 2 3 4
Levels of soil mulch cover (Mg ha_l) Levels of soil mulch cover (Mg ha_l)
o . -@- TDM, =355+1.32x R*=0.86
241 @ 1=059+033*x R’=083 = ! o
25 o |4 TDM, =2.55+0.67x R’=0.89 ®
2.0
‘=18
o0
S'1.6

Inflorescence

D
0 1 2 3 4 0 1 2 3 4

= R E IR g
E - IR ST

Levels of soil mulch cover (Mg ha_l) Levels of soil mulch cover (Mg ha'l)

Figure 6. Leaf (A), stem (B), inflorescence (C), and total dry matter production (D) Mg DM ha! of millet
at 60 days of regrowth, in response to the use or absence of organic fertilization combined with different
levels of soil mulch cover. 1 = fertilization and 2 = no fertilization.

The highest rainwater use efficiency was
observed when there was an application of 4 Mg
DM ha! of mulch cover (p<0.05), especially when
combined with organic fertilization (Figure 7).

The application of 3 Mg DM ha! showed
intermediate rainwater use efficiency, not differing
from any level of mulch cover, including the bare
soil.
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Figure 7. Rainwater use efficiency of millet under organic fertilization or not, combined with different
levels of mulch cover. Means followed by equal uppercase (fertilization), and lowercase (mulch cover)
letters did not differ statistically based on Tukey's test (p<0.01).
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Discussion

The results of this study showed that the
millet had its agronomic performance improved by
the combined application of organic fertilizer
(cattle manure) with the increasing levels of mulch
cover. Generally, the application of organic
fertilizers is reported to improve soil conditioning
and plant growth. Among the benefits of the use of
organic fertilizer can include the release of macro
(e.g., N, P, K, Mg, Ca, S) and micronutrients (e.g.,
Fe, Zn, Cu, Mn, B), increments in the water holding
capacity and organic matter content in the soil,
presence of some beneficial microorganisms (e.g.,
plant-growth-promoting bacteria), availability of
organic C for feeding soil microbes, improvement
of the soil structure (e.g. aeration and aggregates),
nutrient recycling, and reduction in the fertilization
costs (Assefa & Tadesse, 2019; Coelho et al., 2021;
Liu etal., 2022; Pei et al., 2023). In our study, even
though the organic fertilizer was surface applied,
and the growth period of the millet was short (60
days), the agronomical benefits of using the
organic fertilizer were significant. We applied
matured cattle manure as the source of organic
fertilizer, possibly, the maturation process helped
to improve the breakdown of some of the fiber
components in the manure, increasing the release
of nutrients present in the organic material. Fresh
cattle slurry/manure (non-digested organic matter),
generally displays a slow release of nutrients to the
soil (Samara et al., 2020; Rayne & Aula, 2020;
Prado et al., 2022).

Some of the structural characteristics (stem
length and diameter, and inflorescence length)
were not significantly affected by the organic
fertilization. Nevertheless, the number of tillers and
the biomass (leaves, stems, inflorescence) were
positively influenced by the use of organic
fertilizer, in comparison to unfertilized plants. As
the number of tillers and the proportion of stems
and leaves play a very important role in the
structural characteristics of the millet, the use of
organic fertilization (undigested cattle manure)
could improve these traits. Fewer studies reported
no influence of organic fertilization on the
structural characteristics of the millet (Vital et al.,
2020). Stem elongation and diameter, as well as the
inflorescence length, were positively favored by
the increasing levels of mulch cover. Generally,
stem elongation occurs at an accelerated rate in
grasses with a bunch-like (cespitose) growth habit
such as millet, requiring adequate levels of water
and nutrients availability (e.g., nitrogen) (Tounkara

et al., 2020; Aboelgoud & Rajab, 2021). Possibly,
the presence of mulch cover especially at higher
doses, helped to retain more water and humidity in
the soil, favoring the water uptake by the plants
(Farzi et al., 2017; Leger et al., 2022; Pedroza-
Pargaetal., 2022). Also, it probably accelerated the
decomposition of the organic matter (manure and
straw), helping to release more nutrients into the
soil (Hallama et al, 2019; Nyabami et al., 2023).

The increase in CO; assimilation and
biomass conversion in response to the increasing
levels of mulch cover can be associated with the
environmental conditions during the trial. The
plants growing on the bare soils possibly faced
more water stress (Farzi et al., 2017). These plants
growing on the bare soil, or at lower doses of mulch
cover applied, possibly tried to avoid water loss by
initially reducing their stomatal opening and
conductance, leading to decreases in
photosynthesis (Chaves et al., 2016; Mashilo et al.,
2017; Wahab et al., 2022). This was consequently
reflected in their lower yields at the harvesting.
Millets can display diverse mechanisms to
overcome temporary water stress, which can
include stomatal closure, reduction in stomatal
conductance, reduction of the leaf area, restriction
of the internal CO; concentration, and reduction in
the rubisco activity (Vijayalakshmi et al., 2012,
Shrestha et al., 2023).

The smaller leaf area index (LAI) values in
the plants growing on bare soils are a response of
the plants to mitigate water loss due to
transpiration. The larger the leaf area, the greater
the number of stomata per plant. Also, the
reduction of the LAI under water stress is a
physiological mechanism to keep most of the
remaining cells and tissues turgid and active. Cell
and tissue expansion are directly related to the
water content in the plants (Osakabe et al., 2014;
Gupta et al., 2020). Low leaf area index is directly
associated with decreases in light interception in
grass species (Coelho et al., 2020). Also,
considering the stomatal closure, the growth
development and yields of the plants under water
stress (bare soil or low level of mulch cover
applied) were severely affected.

The millet is reported to display different
responses to the negative effects of drought or
water stress, however, the principal decline in
productivity can happen when it coincides with the
reproductive stage (Vijayalakshmi et al., 2012;
Shrestha et al., 2023). At 60 days of regrowth, the
plants of all treatments considerably reduced their
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stomatal conductance, this can be explained
because the plants were in their flowering phase
(grain filling). At this phase, the plants prioritize
utilizing the water to maintain their cell turgor, and
to keep their physiological processes, which can
reflect in a higher water use efficiency. Water use
efficiency is a combination of diverse
physiological adaptation  mechanisms that
enhances plant productivity under conditions of
water restriction (Medrano et al., 2015). The fact
that the inflorescence was mostly affected by the
mulch cover than the fertilization, might be related
to the dynamics of biomass accumulation in millet.
The millet concentrates its biomass accumulation
in the stems, especially stem elongation, followed
by leaves, and then in the inflorescence (Scheffer-
Basso et al., 2004).

This study verified some of the benefits of
the combined use of organic fertilization and mulch
cover on the production of millet under rainfed
conditions in the Brazilian semi-arid region. Most
of the positive results were attributed to the
nutrients released by the organic fertilizer,
retention of the humidity in the soil, and the
reduction of the water stress in millet plants.
Although the highest level of mulch cover applied
required a greater amount of straw, the productivity
of the millet was doubled compared to the plants
under bare soil. We suggest the use of mulch cover
is a feasible alternative to increase millet
productivity under rainfed conditions in semi-arid
regions.

Conclusions

The combined use of organic fertilizer and
mulch cover, increased the net CO, assimilation
rate, stomatal conductance, and water use
efficiency, and also, positively impacted the
morphological development and yields of millet.
The application of mulch cover at the level of 4 Mg
DM ha'* favored better growth responses and yields
of the millet. The use of mulch cover potentialized
the organic fertilizer, possibly due to increments in
the water content and activity in the soil. It is
suggested cultivation systems that combine organic
fertilization with the application of mulch cover as
a sustainable practice for millet production under
rainfed conditions in semi-arid.
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