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Dehydration curve, gas exchange, and nutritional value of
Bermudagrass hay under different conditions of storage
Curva de desidratação, trocas gasosas e valor nutricional do feno
capim Bermuda sob diferentes condições de armazenamento
Ivaldir William Junior Machado1; Marcela Abbado Neres2*; Deise Dalazen
Castagnara3; Caroline Daiane Nath4; Tatiana Garcia Diaz4
Abstract
The aim of this study was to characterize the dehydration curve and, gas exchange of bermudagrass
(Cynodon dactylon L.) as well as the nutritional value of hay under different conditions of storage. The
dehydration curve was evaluated at 7 time point (0, 13, 18, 22, 37, 42, and 44 hours after cutting) until
baling, using five replicates. The time 0 (zero) corresponded to the time before cutting, performed at
19:00 hours. The design was completely randomized with measures repeated over time. Gas exchanges
was evaluated 0, 14, and 18 hours after cutting, using 10 replicates. The nutritional value of cowpea hay
was evaluated in two open and closed environments (SO and CS), three storage times (30, 60, and 90
days), and five replications. Dehydration of hay was carried out for 44 hours, rapid rates of dehydration
was observed in the leaves. Gas exchange was more intense before cutting and up to 14 hours after
cutting. Crude protein (CP) content was higher at the time of cutting and decrease after storage. The in
vitro dry matter digestibility (IVDMD) and neutral detergent fiber (NDF) content showed no variation
between the sampling time and storage systems evaluated. Bermudagrass hay presents rapid dehydration
and undergoes changes in the bromatological composition with storage time. Internal temperature of the
hay bale did not exceed the ambient temperature.
Key words: Cynodon. Digestibility. Forage conservation. Photosynthesis.

Resumo
O objetivo deste estudo foi caracterizar a curva de desidratação, as trocas gasosas do capim Bermuda
(Cynodon dactylon L.) e o valor nutritivo do feno sob diferentes condições de armazenamento. A curva
de desidratação foi avaliada durante 7 horários (0, 13, 18, 22, 37, 42 e 44 horas após o corte) até o
enfardamento, com cinco réplicas. O tempo 0 (zero) correspondeu ao tempo antes do corte, realizado
à19:00 horas (tempo 0). O delineamento foi inteiramente casualizado com medidas repetidas no tempo.
As trocas gasosas foram avaliadas nos tempos 0, 14 e 18 horas após o corte, utilizando 10 repetições.
O valor nutricional do feno de do capim- bermuda foi avaliado em dois ambientes, aberto e fechado
(SO e CS), três tempos de armazenamento (30, 60 e 90 dias) e cinco repetições. Observou-se que a
desidratação do capim Bermuda ocorreu em 44 horas, com taxas rápidas de desidratação nas folhas.
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As trocas gasosas foram mais intensas antes do corte e até 14 horas após o corte. Os teores de proteína
bruta (PB) foram maiores no momento do corte, diminuindo após o armazenamento. Os teores de
digestibilidade in vitro da matéria seca (DIVMS) e fibra em detergente neutro (FDN) não apresentaram
variação nos períodos e sistemas de armazenamento avaliados. O feno do capim Bermuda apresenta
desidratação rápida e sofre alterações na composição bromatológica com tempo de armazenamento. A
temperatura interna do fardo não excedeu a temperatura ambiente.
Palavras-chave: Cynodon. Digestibilidade. Conservação forrageira. Fotossíntese.

Introduction
The use of conserved forage has been relegated
in Brazil since there have been no extreme weather
conditions for several years. This change of use was
initiate by horse breeders, who are currently the
most important buyers, thereby leading to a change
in the use of conserved forage in Brazil.
According to Neres et al. (2017),
commercialization of hay has grown due to the ease
of transportation, availability of machinery in the
market and more affordable price. The basic principle
of haymaking can be summarized as conservation of
the nutritional value of forage by rapid dehydration,
thereby curbing the respiratory activity of plants and
microorganisms. Quick dehydration can maintain
the quality of the forage, resulting in hay with good
nutritional value (CALIXTO JÚNIOR et al., 2007).
The genus Cynodon is considered one of the most
important grasses, and with Tifton 85 (Cynodon spp.)
being the most commonly used. This cultivar was
developed by Dr. Glen Burton in 1943 (BURTON
et al., 1993) in the Coastal Plain Experiment
Station (USDA - University of Georgia) in Tifton,
Southern Georgia State, by crossing a South
African introduction (PI 290884) with Tifton 68

grass. However, there are also other representatives
of the Bermudagrass within this genus (Cynodon
dactylon L.), such as “Pyramid”, “Mirage” and
“CD 90160”, that have been developed through
various improvements, which despite having
already been studied in the United States, were only
recently introduced in Brazil. However, few studies
have been carried out with Bermudagrass under
Brazilian conditions, especially with respect to hay
production. The present trial was carried out in order
to study the dehydration curve and gas exchange
of Bermudagrass and to determine the nutritional
value of hay under different conditions of storage.

Materials and Methods
Experimental site, design, and treatments
The trial was carried out on a farm that produces
hay in Marechal Cândido Rondon, Paraná, with
a total production area of 8 hectares. The local
climate, classified according to Köppen, is of type
Cfa, subtropical, with hot summers and rain well
distributed throughout the year. The experimental
area was classified as Oxisol/ Eutroferric Red
Latosol (EMBRAPA, 2006) and had the chemical
characteristics described below (Table 1).

Table 1. Chemical characteristics of the experimental area.
pH
water
5.5

mg dm-1
P
K
24.45 0.91

Ca²
6.29

Mg²+
2.1

cmolc dm-3
Al³+ H+Al
0.0
3.59

SB
9.3

V
MO
CEC
%
g dm-3
12.89 72.15 23.24

Cu
20.05

mg dm-3
Zn
Mn
9.4 158.0

Fe
30.7

P: phosphorus (Mehlch); K: potassium (Mehlch); Ca: calcium (KCl 1 mol L-1); Mg: magnesium (KCl 1 mol L-1); Al: aluminum
(KCl 1 mol L-1); H+Al: potential acidity (calcium acetate 0.5 mol L-1); SB: sum of bases; CEC: cation exchange capacity; V: base
saturation; OM, organic matter (Boyocus Method); Cu, copper; Zn, zinc; Mn, manganese; Fe, iron.
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The Bermudagrass area was introduced two
years ago, and it was used exclusively to produce
hay. Only biofertilizers, originating from a swine
breeding farm and previously treated at a Canadian
digester, were used in the area. Field fertilization
to produce hay occurred 30 days before the cutting
time for haymaking with 70 m3 ha-1 biofertilizers
used. The analysis of the biofertilizer showed the
following results: N (flame AAS method, Kjeldahl):
0.10 g kg-1, P: 2.98 mg kg-1, K: 1.19 mg kg-1, Ca:
0.28 mg kg-1, Mg: 0.05 mg kg-1, Cu: 0.15 mg kg-1, Fe:
1.34 mg kg-1, Mn: 0.25 mg kg-1 and Zn: 0.65 mg kg-1.
Nitric-perchloric digestion (AOAC, 1990) was used
for the determination of other nutrients. Readings
take with an atomic absorption spectrophotometer
(EAA) in flame mode (WELZ; SPERLING, 1999).
The forage was evaluated a for dry matter (DM)
production and its structural characteristics. The
DM production was determined using a 0.25 m²
metal box, which was thrown randomly into four
different parts of the plot with 5 × 30 m dimensions.
The samples were packed in paper bags and
subjected to forced ventilation oven at 55°C for 72
hours. In order to obtain the stem diameter, 20 tillers
were sampled, and the stem diameter was measured
before the first node with a caliper rule. Thereafter,
the number of leaves per tiller was determined based
on 20 tillers and the number of leaves was counted
in each tiller of the plant. To determine the leaf/stem
ratio, 50 g of the sample was taken and the parts
(blade and stem + sheath) were manually separated,
with subsequent drying under forced ventilation at
55°C for 72 hours. The leaf/stem ratio (L/S) was
calculated by dividing the dry weight of leaves by
the dry weight of stems.
The grass cutting was performed on November
10th, 2012, when the Bermudagrass was at 40 days
of age since the start of regrowth, using a mower
conditioner with free swinging flail fingers, with
a cutting height of 5 cm from the soil. At the time
cutting period, the production was 5,034.20 kg ha-1
and the average stem diameter was 0.64 mm. The
tillers had 8.95 living leaves and 2.24 dead leaves,

with an average of 11.19 leaves per tiller, whereas
the mean leaf/stem ratio was 0.74. The piles height
was 12 cm, as both temperature and rainfall had
been favorable for forage growth.
After cutting, the forage remained piled in the
field for 44 hours for, dehydration in order to reach
the best DM contents for baling (above 800 g kg1
). The weather conditions were favorable during
this period, with a maximum temperature of 32.5°C
on the day of baling. During dehydration, the piles
were turned on the second day after cutting with
a mechanic rake at 09.00 hours, after the dew had
evaporated.
The dehydration curve was determined based on
whole plant samples collected from the field. In the
laboratory, the material (50 g) was separated into
blade and stem + sheath with seven replications.
Time 0 corresponds to the sample taken before
cutting, carried out at 19.00 hours, whereas on other
days, sampling was done, at 08.00, 13.00, and 17.00
hours. The analyzed parameters were evaluated 0,
13, 18, 22, 37, 42, and 44 hours (baling time) after
the cutting time. Subsequently, the leaves and stems
were dried in an oven with forced ventilation and
kept at 55°C for 72 hours. After forage baling, each
bale, with an average weight of 12 kg, was stored in
two places: one in open shed (OS) and the other in
closed shed (CS) for 90 days.
Gas exchange
In order to analyze gas exchange during
dehydration Bermudagrass, evaluations were
carried out on the upper middle third of each stem of
both developed and non-senescent leaves that were,
fully expanded at, 0, 14 and 19 hours after cutting.
Gas exchange evaluations were performed using
an infrared gas analyzer (IRGA, Li Model 6400XT
inc. Lincoln, NE, USA). The CO2 concentration of
the environment, ranging from 380 to 400 µmol
CO2 mol-1, was used as a reference during the
evaluations. The following variables were analyzed:
1967
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photosynthesis (Pn -μmol CO2 m-2 s-1), transpiration
(Tr -mmol H2O m-2 s-1), stomatal conductance (Gs
-mol m-2 s-1), water use efficiency (WUE - μmol CO2
m-2 s-1/mmol H2O m-2 s-1), and leaf respiration (LR
-μmol CO2 m-2 s-1). In each of the experimental units,
expanded leaves were chosen, and readings were
taken from the middle part of the leaf according to
Pasqualotto et al. (2015).

Temperatures and moisture
During the storage period, temperatures and
the moisture content of both hay and environment
were measured during the 60 days with a skewer
digital thermometer (Center 370 provides) and a
hay moisture meter (Delmhorst FX-2000 Digital).
Samples from each bale were also daily collected
(5 samples per treatment) to determine the DM
contents.

Analytical procedures
To determine the bromatological composition of
hay, approximately, 300 g samples were collected at
each studied time point: before cutting, 30, 60, and
90 days after baling and storage in both OS and CS.
The samples were packed in paper bags and
dried in an oven with forced air ventilation for 72
hours at 55°C. After drying, samples were ground
in a Willey mill, with a 1 mm sieve and submitted
to laboratory procedures to determine DM (method
934.01), crude protein (CP; method 984.13),
according to AOAC (1990). Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were
determined according to Van Soest et al. (1991).
Sodium sulfite and α-amylase were used during
NDF determination. Lignin (LIG) analyses were
performed on ADF residues, using the direct
sulfuric acid method (ROBERTSON; VAN SOES,
1981). Neutral detergent insoluble nitrogen (NDIN)
and acid detergent insoluble nitrogen (ADIN) were
determined based on the methodology described
by Licitra et al. (1996). Neutral detergent insoluble
protein (NDIP) and acid detergent insoluble protein
(ADIP) were calculated by multiplying the values
of ADIN and NDIN by 6.25. Hemicellulose was
determined by subtracting ADF from NDF and
cellulose was calculated as ADF minus LAS.
Soluble carbohydrates determination was obtained
as described by Johnson et al. (1966), with a
spectrophotometric reading taken at a wavelength
of 480 nm.

In vitro digestibility of dry matter (IVDMD)
The technique described by Tilley and Terry
(1963) was adopted to determine IVDMD, after
adapting to the Artificial Rumen TE-150 (Tecnal,
scientific equipment, Piracicaba, SP, Brazil) as
described by Holden (1999). Rumen fluid was
obtained from 2 donor Jersey bulls of approximately
500 kg with a permanent ruminal cannula. The
collection of ruminal fluid was performed in the
morning before the first meal, using a vacuum
pump and a vacuum flask with a capacity of 2000
mL. Ruminal fluid was kept in a water bath at 39°C
and the container purged with CO2 before and after
collection. The extracts were filtered through four
layers of cotton cloth and used in the incubations.
The buffer solution was prepared with the following
reagents: Solution A (g L-1): 10.0 g KH2PO4;
MgSO47H2O 0.5 g; 0.5 g NaCl; 0.1 g CaCl22H2O;
0.5 g urea and solution B (g dL1): 15.0 g Na2CO3;
1.0 g Na2S.9H2O. The solutions were mixed in a
1:5 ratio, resulting in a pH of 6.8 at 39 °C constant
temperature. Statistical analyses
Dates were analyzed using the statistical
software Sisvar 5.0 (FERREIRA, 2011). Data of the
dehydration curve were subjected to ANOVA and
Fisher F test. When there was a significant effect
of dehydration time, a regression analysis was
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conducted. For the choice of model, the highest
coefficient of determination (R2) was considered.
Gas exchange was evaluated before cutting (time
point 0) and at, 14 and 18 hours after cutting, with
the measuring times considered as fixed effects.
To determine the nutritional value, the two storage
environments of hay bales (open-SO and closedCS) and three storage times (30, 60, and 90 days)
were evaluated. The storage environments and
times were considered fixed effects, whereas the
bales were considered random effects. The times
and days were considered as repeat measurements.
The restricted maximum likelihood method
was used to estimate the components of variance.
The time-series covariance structure was selected
based on the lowest values of the AIC (Akaike’s
Information Criterion), BIC (Bayesian Information
Criterion) and Bayesian information criteria. The
PDIFF option adjusted by the Tukey method was
included in the LSMEANS instruction to consider
multiple comparisons. The effects were considered
significant at α = 0.05.

Results
Immediately after cutting, Bermudagrass
showed changes in the DM contents, with little
rehydration of the plants in the morning due to dew.
The dehydration rate in different parts of the plant
was also shown to differ significantly as the leaves
showed higher DM at the evaluated times. The DM
contents obtained during the dehydration followed
at 3rd degree polynomial model.

During cutting, Bermudagrass showed a DM
of 245.01 g kg-1 for the whole plant, with the leaf
portion presenting a DM of 289.98 g kg-1 DM and
the stem portion 233.92 g kg-1 DM. After 44 hours
of dehydration in the field, the DM contents were
903.12 g kg-1 for the whole plant, 913.20 g kg-1 for
leaf and 825.22 g kg-1 for the stem. Thus, the leaf
showed the highest DM content (Figure 1).
An influence of cutting caused by mower
conditioner was observed on variables such as
gas exchange of Bermudagrass leaves (Cynodon
dactylon) during the studied period. In general,
the highest average values were obtained before
cutting, except for LR. Bermudagrass cutting
caused a drastic decrease in the Pn rates of leaves
after cutting. However, there was no change in LR
(P > 0.05) from cutting until 14 hours. Negative
values of Pn 14 hours after cutting indicated high
rates of respiration. Transpiration (Tr) showed
some decrease 18 hours after cutting and the same
occurred with the Gs. Values of WUE decreased
after 14 hours but increased 18 hours after cutting
(Table 2).
Under the tested conditions, 18 hours after
cutting (600 g kg-1 DM) was sufficient to extract
the majority of water from the leaves and stems
via stomatal and cuticular Tr. The Gs, Pn and Tr
values were close to zero. However, the optimal
DM content of the whole plant for baling (891.1 g
kg-1) was reached with 44 hours of dehydration.

1969
Semina: Ciências Agrárias, Londrina, v. 40, n. 5, p. 1965-1978, set./out. 2019

with 44 hours of dehydration.

Junior Machado, I. W. et al.

Figure 1. Dehydration
curveplant,
of the
whole
plant,ofleaf,
and stem of Bermuda grass.
Figure 1. Dehydration
curve of the whole
leaf,
and stem
Bermudagrass.
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Table
(E),stomatal
stomatalconductance
conductance
(Gs),
water
efficiency
(WUE)
and
Table2.2.Photosynthesis
Photosynthesis (Pn),
(Pn), transpiration
transpiration (E),
(Gs),
water
use use
efficiency
(WUE)
and leaf
leaf
respiration
(LR)
at
0,
14
and
18
hours
after
Bermuda
grass
cutting
(Cynodon
dactylon).
respiration (LR) at 0, 14 and 18 hours after Bermudagrass cutting (Cynodon dactylon).
Times (hours)
Pn
Tr
Gs
WUE
LR
0
13.30a
5.53a
0.27a
2.45a
-4.29b
Times (hours)
Pn
Tr
Gs
WUE
LR
14
-4.37c
4.07b
0.23a
-1.11b
-5.66b
0
13.30a
5.53a
0.27a
2.45a
-4.29b
18
1.13b
0.37c
0.01b
3.21a
1.33a
14
-4.37c 2.12
4.07b 0.96
0.23a
-1.11b
-5.66b
LSD
0.09
1.58
2.34
18
1.13b817.47
0.37c 70.70
0.01b
3.21a
1.33a
AS
0.20
53.20
137.21

-2 -1
Pn: μmol LSD
CO2 m-2 s-1; Tr: mmol
mol m-2 s-1; WUE:0.09
μmol CO2 m-2 s-1/H
2.12H2O m-2 s-1; Gs:0.96
1.58
2.34LR: μmol
2O mmol m s and
-2 -1
. Averages followed
by
the
same
letter
in
columns
do
not
differ
by
Tukey
test
at
α
=
0.05.
LSD: Least
CO2 m s AS
817.47
70.70
0.20
53.20
137.21
significant difference; AS: Average Square.

Pn: μmol CO2 m-2 s-1; Tr: mmol H2O m-2 s-1; Gs: mol m-2 s-1; WUE: μmol CO2 m-2 s-1/H2O mmol m-2 s-1 and LR: μmol CO2 m-2 s-1.
Averages followed by the same letter in columns do not differ by Tukey test at α = 0.05. LSD: Least significant difference; AS:
(P < 0.05) between the DM contents at 30 and 90 days of storage were observed in OS.
Average Difference
Square.

The lowest DM values were observed at the time of cutting. There were no differences (P > 0.05) in the DM
contents
evaluated
OS and
CS at the
30 and
days, whereas
90 days(P
of <storage
hay inthe
CS storage
showed
Difference
(P for
< 0.05)
between
DM60
contents
also aafter
difference
0.05) the
between
at 30 and
days of
storage to
were
a higher
DM90
content
compared
the observed
stored in in
OSOS.
(Tabletimes
3). in OS storage environment. At 60 and 90 days
The lowest DM values were observed at the time of of storage,
there was a significant decrease in CP
The CP contents ranged from 134.60 to 181.80 g kg -1 with interaction between storage and time
cutting. There were no differences (P > 0.05) in the compared to that at 30 days of storage, whereas in
systems.
There was
a significant
decrease
0.05)
boththere
OS was
and CS
in relation
to the cutting
time and
DM contents
evaluated
for OS and
CS at(P
30<and
60 forCS,
no change
in response
to the different

after
90 days
of storage
the was
hay in
CSa difference
storage times.
There
were the
no storage
differences
thedays,
otherwhereas
evaluated
times
of storage.
There
also
(P < 0.05)
between
timesonin CP
OS
showed
a higher DM
the stored
betweendecrease
the twoin storage
environments
storage
environment.
Atcontent
60 andcompared
90 days oftostorage,
there contents
was a significant
CP compared
to that at
in OS (Table 3).
(Table 3).
30 days of storage, whereas in CS, there was no change in response to the different storage times. There were
The CP contents ranged from 134.60 to 181.80
The NDF levels ranged from 711.6 at the time
no differences
on CP contents between the two storage environments (Table 3).
-1
g kg with interaction between storage and time of cutting to 726.50 and 709 g kg-1 DM at 90
DM
at 90 days of
The
NDF
levels
ranged from
711.6(Pat<the
time of
cutting
to 726.50
kg -1CS
systems.
There
was
a significant
decrease
0.05)
days
of storage,
in and
the 709
OS gand
environments,
storage,
in the
environments,
respectively.
values were
high
in comparison
for both
OS OS
and and
CS CS
in relation
to the cutting
time These
respectively.
Theseconsidered
values were
considered
high into
and the
otherhay
evaluated
times
of storage.
Therewas
wasa reduction
comparison
tropical
fodder
hayOS
(NERES
et al.,
tropical
fodder
(NERES
et al.,
2011). There
in thetolevels
of ADF
in the
environment,
1970
after 90 days of fermentation. The ADF content was lower in CS compared to OS.

Semina: Ciências Agrárias, Londrina, v. 40, n. 5, p. 1965-1978, set./out. 2019

Dehydration curve, gas exchange, and nutritional value of Bermudagrass hay under different conditions of storage

2011). There was a reduction in the levels of ADF in
the OS environment, after 90 days of fermentation.
The ADF content was lower in CS compared to OS.
The NDIP contents were higher (P < 0.05) at
90 days of storage for two environments evaluated
OS and CS. There was no effect (P > 0.05) between
the environments. The ADIP content increased (P

< 0.05) from the cutting with respect to the ensiled
mass. The ADIP content was no affected (P > 0.05)
by time of fermentation. The NDIP and ADIP
content also differed between storage environments
(OS and CS) after 60 days of storage and were
higher in the OS.

Table 3. Nutritional value of Bermudagrass (Cynodon dactylon) at cutting time, 30, 60 and 90 days of storage in open
shed (OS) and in the closed shed (CS).
Nutrients (g kg-1)
Dry Matter, DM
Crude Protein, CP
Acid Detergent Fiber, ADF
Neutral detergent insoluble protein, NDIP
Acid detergent insoluble protein ADIP
Lignin
Cellulose
Soluble Carbohydrates

Shed

Cutting

OS
CS
OS
CS
OS
CS
OS
CS
OS
CS
OS
CS
OS
CS
OS
CS

236.4c
236.4b
181.8a
181.8a
320.3c
320.3d
72.00b
72.00b
37.00b
37.00b
56.90c
56.90c
263.4c
263.4c
30.38a
30.38a

Days of storage
30
60
90
838.1aA 826.0abA 803.2bB
846.1aA 836.5aA 840.4aA
170.3b
134.6c
154.5bc
153.2b
140.0b
159.7b
393.5aA 374.8abA 373.8bA
391.4aA 367.2bA 347.9cB
81.5b
76.9b
95.1a
73.7b
82.1b
96.9a
60.5aA
64.9aA
50.5aA
45.2aA
43.3aB
45.6aA
88.1abA
74.7bB
99.0aA
91.5aA
93.5aA
75.1bB
305.3aA 300.0aA 274.8bA
299.9aA 273.7bB 272.7bA
34.9a
23.7b
17.9b
32.0 a
23.12ab
22.2b

CV1
(%)
1.75

CV2
(%)
2.21

8.47

10.15

1.31

3.13

4.61

8.73

36.03

21.74

17.84

10.73

4.34

3.20

21.32

22.55

Means followed by different lowercase letters in row and different uppercase letters in column differ statistically by Tukey test at
α = 0.05. CV1 = coefficient of variation of the plots; CV2 = coefficient of variation of the subplots.

Lignin increased in the OS environment from 60
to 90 days of storage. In the CS, the lignin contents
were reduced (P <0.05) with 90 days of storage (Table
3). The cellulose contents were reduced in response
to storage time in both evaluated environments (OS
and CS), but at 60 days, the OS system presented
higher levels compared to the CS system (300.0 and
273.7 g kg-1 DM, respectively). The hemicellulose
content did not present differences (P > 0.05) in any
of the evaluated time or storage systems. The mean
hemicellulose contents for OS and CS were 372.2
and 362 g kg-1 DM, respectively (Table 3).

The carbohydrate concentration was higher at
30 days of storage with an average of 33.43g kg-1
DM and did not differ from the contents obtained
at cutting time. There was a decrease in soluble
carbohydrates content at 60 days of storage, in both
OS and CS. There was a significant difference (P
< 0.05) between the concentration at cutting time
and after 90 days of storage in both, OS and CS
environments. The average soluble carbohydrate
content was 30.38 g kg-1 DM and decreased to 17.90
g kg-1 DM in OS, while in CS, the final content was
22.18 g kg-1 DM. However, there was no difference
1971
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(P > 0.05) between storage environments. The 3). The observed increase in the humidity of the
IVDMD of Bermudagrass did not differ significantly environment in the two storage systems evaluated
(P > 0.05)
theand
evaluated
times 2and
was at consequence
of humidity
the rain,ofbecause
the
temperature,
foramong
both OS
CS (Figure
andstorage
3). The observed
increase in the
the environment
was carried out during the wet period.
in thesystems.
two storage systems evaluated was at consequenceexperiment
of the rain,
because the experiment was carried out
The moisture in bales did not exceed 10% in either
th
It was
thatmoisture
the temperature
during the
wet observed
period. The
in balesofdidbales
not exceed
10% in either
on the
environments,
exceptenvironments,
on the 15th dayexcept
of storage
in 15
was always less than or equal to the environmental
CS (Figure 3).
day of
storage in CS
temperature,
for (Figure
both OS3).and CS (Figure 2 and
st

th

60

100

50

80
Moisture (%)

Temperature (°C)

st
Figure
2. Temperature
and moisture
of hay
the
to of
thestorage
60 day
ofopen
storage
Figure
2. Temperature
and moisture
of hay from
the 1from
to the
601th day
in the
shed.in the open shed.

40

60

30

40

20

20

10
0

0

1 2 3 4 5 6 7 8 9 101112131415161718192021222324252627282930

Days

50

80

40

60

30

40

20

20

10
0

Moisture (%)

100

Temperature (°C)

60

313233343536373839404142434445464748495051525354555657585960
Days
Environ. Temp. ºC
Bale Temp. ºC
%Bale Moist.

0

%Environ. Moist.

Figure 3. Temperature and moisture of hay from the 1st to the 60th day of storage in the closed shed (CS).

1972
Semina: Ciências Agrárias, Londrina, v. 40, n. 5, p. 1965-1978, set./out. 2019

Dehydration curve, gas exchange, and nutritional value of Bermudagrass hay under different conditions of storage

60

100

50

80

40

60

30
40

20

20

10
0

1 2 3 4 5 6 7 8 9 101112131415161718192021222324252627282930
Days

60

40
30
20
10
0

0

100
90
80
70
60
50
40
30
20
10
0

Moisture (%)

50

Temperature (°C)

Moisture (%)

Temperature (°C)

Figure 3. Temperature and moisture of hay from the 1st to the 60th day of storage in the closed shed (CS).

313233343536373839404142434445464748495051525354555657585960
Days
Environ. Temp. ºC

Bale Temp. ºC

%Bale Moist.

%Environ. Moist.

Discussion
Discussion
At baling time, DM contents of the whole

The leaves showed the highest and fastest rate
of dehydration in the plant because of their lowest
initial moisture content. They also lose much water
plant ranged between, 800-900 g kg-1. The hay
At baling time, DM contents of the wholedue
plant
ranged
between,
800-900
g kg-1. The
to the
presence
of stomata,
facilitating
rapidhay is
is considered safe for storage at less than 20%
dehydration in the first hours after forage cutting. The
considered
for storage
less than
moisture
moisturesafe
to prevent
mold,atheating,
as 20%
well as
DM to prevent mold, heating, as well as DM and nutrient
faster rate of dehydration of Bermudagrass is a result
and(COLLINS;
nutrient losses
(COLLINS;
losses
OWENS,
2003).OWENS,
Notably, 2003).
the dehydration period did not exceed 7 days, which according
of its stem diameter of 0.64 mm, which is considered
Notably, the dehydration period did not exceed 7
to Collins (1995), would be the timeout to produce hay ideal
appropriate
for animal
consumption.
to accelerate
dehydration.
According to Neres
days, which according to Collins (1995), would be
et al.
stem diameter
is negatively
The leaves
showed
highest and
fastest rate
of (2017),
dehydration
in the plant
becausecorrelated
of their lowest
the timeout
to produce
haythe
appropriate
for animal
with forage dehydration rate. Higher measures for
consumption.
initial
moisture content. They also lose much waterthis
duestructural
to the feature
presence
of determined
stomata, facilitating
were
by Calixto rapid

dehydration in the first hours after forage cutting. The faster rate of dehydration of Bermuda grass is a result
1973

of its stem diameter of
0.64 Ciências
mm, which
is considered
ideal
dehydration.
Semina:
Agrárias,
Londrina, v. 40,
n. 5,to
p. accelerate
1965-1978, set./out.
2019 According to Neres et
al. (2017), stem diameter is negatively correlated with forage dehydration rate. Higher measures for this

Junior Machado, I. W. et al.

Júnior et al. (2007), who obtained stem diameter of
1.98 mm with a dehydration rate of 100 kg ha-1 and
with N fertilization, a stem diameter of 1.95 mm
with 50 kg ha-1 for the Cynodon Bermudagrass.
The dehydration curve of the plant, leaf, and
stem presented, diurnal fluctuations in dry matter
content in period from 0 to 44 hours after cutting,
similar to that described by Calixto Júnior et al.
(2007). These fluctuations are caused by the loss of
moisture during the day, which is partially replaced
from the air during the night as humidity levels rise
or by dew (COLLINS; OWENS, 2003). However,
the amount of moisture acquired during nighttime
was low and it was quickly evaporated with a few
hours of sunshine (CALIXTO JÚNIOR et al., 2007;
PASQUALOTTO et al., 2015). Notably, even
though the plant cutting was done at 19.00 hours,
during night (13 hours), the plants lost 32.29% of
their total water content through evaporation.
Gas exchange was more intense until 14 hours
after cutting, which could be attributed to the fact
that stomatal conductance increased after cutting
due to water vapor output, caused by injuries in the
leaf cuticle and not just stomata, which are probably
closed. This fact changed the decrease in the WUE
variable, since the lowers rate was observed during
the first 14. Lavezzo and Andrade (1994) have already
considered, that in the first phase, the dehydration is
fast, resulting in severe water loss. The decrease in
moisture was approximately 80 to 85%, where most
of the water loss is caused by transpiration.
Future studies on this aspect should valuations
should be carried out at shorter intervals to better
characterize the exact moment of transition
regarding water evaporation/loss via stomata
and cuticle in Bermudagrass plants. Water loss is
maximized during cutting time by injuries to the
plant tissues that are aimed at accelerating the water
evaporation/loss and reducing baling time.

Dry matter loss during the first weeks of

storage is result of a temperature increases caused by
microorganisms present in the hay. The respiration

process utilizes soluble carbohydrates, present in hay,
and produces CO2 and water, causing the reduction
in DM by approximately 4 - 5%; however, this loss
does not always affect hay quality. In general, after
hay has reached its equilibrium moisture in the
storage, for a loss of 1% of its original moisture at
baling, there will be a corresponding loss of 1% DM
(COLLINS et al., 1997).
The climatic conditions seem to have affected
the DM loss in the OS storage system compared to
the CS system. According to Raymond et al. (1978),
hay is hygroscopic, therefore it can absorb and lose
water to the environment; thus, its DM content
is influenced by relative humidity conditions.
According to Rotz and Muck (1994), as storage
time increases, the DM loss also increases.
Soluble carbohydrates content at the time of
cutting was approximately 30.38 g kg-1 DM. These
values were lower than those described by Ribeiro
et al. (2001) in a study using Tifton 85 for hay
production, where the soluble carbohydrate content
was on average 40.36 g kg-1 DM. Tropical grasses
are naturally low in soluble carbohydrates.
Cellular respiration occurs through the
consumption of soluble carbohydrates during the
dehydration process of plants. However, changes in
the content of soluble carbohydrates also occur in
the storage period, as, the action of microorganisms
can lead at decrease in carbohydrates content
(COLLINS et al., 1997), as previously mentioned.
The reduction in CP content observed in both
evaluated environments from the time of cutting
up to 30 days after baling, is caused by proteolysis
resulting from the respiratory activity still present in
the plants after cutting. This process occurs naturally,
and the presence of water causes the proteolysis to
occur very quickly, so the extent of degradation
is influenced by the drying time (MOSER, 1980).
Therefore, the rapid dehydration of forage decreases
proteolysis, as causes inactivation of the proteases,
which are the enzymes that break peptide bonds
between the amino acids of the proteins.
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During storage time, at reduction in CP content
occurred mainly in the OS, being more evident
after 90 days of storage. Segundo Neres et al.
(2014) and Pasqualotto et al. (2015) stated that
during long-term storage, CP concentration is
expected to decrease by 0.25% per month due to
the volatilization process. Additionally, this effect
can be influenced by environmental factors such
as temperature and humidity, which can cause the
forage protein to bind to the cell wall of the plant,
through a Maillard reaction, making this protein
unavailable (MOSER, 1980; CAPUANO et al.,
2008). The Maillard reaction is a heat-induced
chemical reaction between proteins (amino acids)
and sugars as a result of which this protein becomes
unavailable (CAPUANO et al., 2008).
The ambient temperature during the evaluation
time remained close 28ºC, in both OS and CS
environments. At the storage times evaluated (30,
60 and 90 days), the bale temperature was below
room temperature, both in OS and CS. According to
Moser (1980) and Van Soest (1994), temperatures
above 55°C can reduce digestibility by up to 14%,
but temperatures below 48°C generally do not alter
hay digestibility.
Ames et al. (2014) monitored both bale and
ambient temperatures in CS and observed that
bales prepared with Tifton 85 + pea had a higher
temperature up to the 14th day of storage due to the
high moisture content of the pea (774 g kg-1 DM)
in the baling. After this time, the bale temperature
remained near room temperature.
Environmental humidity was below 70% by
day 10 of bale storage. After day 10 of evaluation,
the moisture increased to more than 80% in both
environments. Moisture content in the bales is one
of the main factors to evaluate when assessing the
quality of stored hay. Moisture inside the bales
remained below 15%. According to Collins (1995),
even at <15% moisture, microbial respiration can
remarkably reduce the quality of the bale of stored
hay, as it allows the development of microorganisms.

An increase in ADIN content occurred after 60
days of storage, with the highest values observed
in the OS. Coblentz et al. (2000) suggest that this
increase is associated with warming and at reduction
in the concentration of soluble carbohydrates in the
hay during the storage time (YANG et al., 1993),
reducing hay quality and directly affecting the
digestibility of hay (WUNSCH et al., 2007). In the
present study, the NDIN content increased after
90 days of storage but did not present differences
between the evaluated environments. This indicates
that changes do not occur only in the first 30 days of
storage, which is important information for farmers
who get hay from distances places and therefore
store them for longer periods.
The NDF results in this study were similar
between storage and time systems. Consistent with
the results obtained by Neres et al. (2011) for Tifton
85 hay. The authors obtained NDF values at cutting
time of 77.77 g kg-1 and after 30 days of storage, in a
CS, the NDF values were 78.22 g kg-1. The changes
in ADF values between the cutting time and the
first period of storage and their decreased values
may be associated with the changes in fibrous
components and must be due to the DM losses that
occur naturally in stored hay (BUCKMASTER
et al., 1989). However, they increased at 90 days
indicating that significant changes in nutritional
components may occur during long term storage.
The lignin content is an important component
to be described since it describes the digestibility
of the fiber in the rumen. In this experiment, an
increase in lignin contents occurred up to 90 days
after storage in the CO, and up to 60 days of storage
in the CS, which may be related to the loss of
available nutrients (proteins, soluble carbohydrates,
minerals and vitamins) (TURNER et al., 2002).
However, IVDMD was not affected by the increase
of the lignin content in hay.
The increase in cellulose content from the
cutting time to 30 days into storage was also seen
by Taffarel et al. (2014) and Neres et al. (2011),
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who also evaluated Tifton 85 hay. However, Ames
et al. (2014), obtained lower values for cellulose at
30 days of Tifton 85 storage and higher values at
the cutting time. The decreased cellulose behavior
after 30 days of storage can be due to the decrease in
ADF contents, as cellulose and lignin are the most
important constituents of ADF.
Hemicellulose content showed no difference (P >
0,05) among the storage times and may be related to
NDF, which also remained stable during the storage
period. Only a small decrease in hemicellulose
content was observed, a behavior that could be
explained by the increased ADF content. Regarding
the hemicellulose content, the results of this study
similar to that reported by Taffarel et al. (2014) who
evaluated Tifton 85 hay with 35 days of regrowth at
the cutting time, baling and 30 days after baling. The
highest values of hemicellulose content occurred at
the cutting time and the lowest values at 30 days of
storage. According to Van Soest (1994) this behavior
is common, as hemicellulose is a heterogeneous
collection of amorphous polysaccharides with a
much lower degree of polymerization compared to
cellulose and the decrease in its content in stored
hay is partly due to the expansion of cellulose.
The digestibility results were on average 725.66
and 745.16 g kg-1 for OS and CS, respectively.
These results are higher than the values described
by Ames et al. (2014), who evaluated different ways
of managing Tifton 85 with 110 days of regrowth
during winter and concluded that the mean IVDMD
was 466.20 g kg-1 at the cut-off time and 376.00
g kg-1 DM in one sample collected at 30 days of
storage in CS. This difference could be attributed to
the age difference of the plants (110 days of growth).

Conclusions
The transpiration rate decreases from the cutting
time to 14 hours after cutting, when cutting is carried
out in the afternoon. The nutritional value of hay is
affected by the environment and storage time. The
open system (OS) caused higher losses of DM and

an increase of ADF and lignin content, compared to
the closed environment (CS). The loss in CP content
and soluble carbohydrates as well as an increase in
NDIP was evident starting from 30 days of storage.
However, these effects on the nutritional value were
not reflected in the IVDMD of hay until 90 days of
storage.
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