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1 ABSTRACT

The knowledge of the main characteristics of the cultivation medium and the water demand of
the crop according to the phenological period is fundamental for the most adequate water
management in soilless cultivation.  The objective was to evaluate the plant phenology related
to thermal summation, water consumption and the water use efficiency (WUE), of gypsophila
plants that were cultivated in different substrates. Were four substrate evaluated media
Carbonized rice husk and raw rice husk used alone, and the mixes of both materials with
commercial organic medium S10 (Beifort®) in the ratio of 15%. The total accumulated thermal
sum during the crop cycle was 981.3°C and the phases II (bloom induction) and III (elongation
and initial bloom) comprised, 34.2 and 34.1% of the total sum. The amount of water consumed
by plants cultivated in both carbonized and raw rice husk pure material in phase III represented
about 51% of the total consumption in the whole crop cycle and in the cases of the substrates
with addition of commercial organic medium, these figures were 48%. The addition of organic
medium improved water holding capacity of both carbonized and raw rice husk and enabled
better water use efficiency for to fresh matter production.

Keywords: Thermal sum, irrigation, flowering, soilless cultivation.
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2 RESUMO

O conhecimento das principais características do meio de cultivo e da demanda hídrica da
cultura de acordo com o período fenológico é fundamental para o manejo mais adequado da
água no cultivo sem solo. O objetivo foi avaliar a fenologia vegetal relacionada à soma térmica,
consumo de água e eficiência do uso da água (EAU), de plantas de gypsophila cultivadas em
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diferentes substratos. Foram avaliados quatro substratos: casca de arroz carbonizada e casca de
arroz crua utilizada isoladamente, e as misturas de ambos os materiais com meio orgânico
comercial S10 (Beifort®) na proporção de 15%. A soma térmica total acumulada durante o
ciclo da cultura foi de 981,3°C e as fases II (indução da floração) e III (alongamento e floração
inicial) representaram, 34,2 e 34,1% da soma total. A quantidade de água consumida pelas
plantas cultivadas tanto em matéria pura de casca de arroz carbonizada quanto crua na fase III
representou cerca de 51% do consumo total em todo o ciclo da cultura e nos casos dos substratos
com adição de meio orgânico comercial, esses valores foram 48%. A adição de meio orgânico
melhorou a capacidade de retenção de água da casca de arroz carbonizada e crua e possibilitou
uma melhor eficiência no uso da água para a produção de matéria fresca.

Palavras-chave: Soma térmica, irrigação, floração, cultivo sem solo.

3 INTRODUCTION

Cut flowers have been one of the
most profitable segments in the Brazilian
floriculture (SEBRAE, 2015). Production
of gypsophila has stood out since it is one
of the most traded cut flowers in Brazil.
Gypsophila belongs to the family
Cariophyllceae and is native from Europe
and Asia (Petry, 2008). Its production has
mainly aimed at bouquets and flower
arrangements, besides decoration since its
flowers beautify and harmonize any
environment.

Success in commercial production
of gypsophila depends on the use of
techniques that optimize workforce,
rationally water use and income of the
production. Growing gypsophila on
substrate allocated in suspended gutters –
which makes crop management easier –
may be an interesting alternative
cultivation system (Gaspari; Khatounian,
2016).

Carbonized rice husk has been
commonly used as a pure substrate or as a
constituent in horticulture growing media
mixtures for several plant species in
southern Brazil (Kratz et al., 2013).
Availability in large quantity together with
to its resistance to degradation, and low
density as well as to its low water holding
capacity and high porosity, making it
difficult to over-water and easy to provide

oxygen, make it a very suitable growing
medium constituent. However, the rice
husk carbonization process presents some
difficulties, mainly related to its
empiricism, low yield – a 50% decrease in
husk volume – and air pollution (Giménez;
Andriolo; Godoi; 2008).

Raw rice husk may be an alternative
material since it is readily available for use.
It has been used for growing fruit
vegetables in closed soilless cultivation
systems (Peil; Albuquerque Neto, 2014;
Carini et al., 2018; Neutzling et al., 2018).
However, due to its too low water holding
capacity (Zorzeto et al., 2014), extremely
high frequency of irrigation is required and
makes its own use in commercial cropping
systems difficult. Addition of organic
compost to raw rice husk may increase the
water holding capacity of the medium,
which allows lower irrigation frequency
and should improve water use efficiency.

Knowledge about main
characteristics of substrate and water
demand of the crop accordingly the
phenological period is fundamental to
choose the most appropriate water supply
management and plan the soilless
cultivation facilities. Furthermore, the
improvement of water use efficiency, as
the result of frequent irrigation, has
become a factor that not only increases
yield and decreases risks, but also
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improves the quality of the floral stems
(Souza et al., 2010).

Taking into account that little
information on water consumption of
gypsophila is available in the literature,
further studies should be carried out to
investigate real needs of this crop and
prevent water waste (Girardi et al., 2012).

Even though water waste is
minimum in soilless closed systems
(Marques et al., 2014), over-watering may
lead to additional problems, such as
nutrient leaching, pH control difficulty,
sharp decrease in the electrical
conductivity of the substrate solution and
disease proliferation. On the other hand,
water deficit is known to hamper plant
growth and development (Andrade et al.,
2018). Knowledge about the amount of
water to be supplied to plants ensures more
efficient irrigation management (Carvalho
et al., 2018) and contributes to water
conservation.

Considering that gypsophila
cultivation on substrate with recirculation
of nutrient solution may represent a water-
saving cropping system and information
about the water needs of the species is
scarce, this study aimed to analyze plant
phenology related to thermal sum and
evaluate water consumption along crop
development as well as determine water
use efficiency of gypsophila crop,
considering the effects of different rice
husk-based media.

4 MATERIAL AND METHODS

Texto do material e métodos. The
experiment was conducted in a plastic
greenhouse (10 m x 18 m) placed at the
Universidade Federal de Pelotas, in Capão
do Leão City, RS, Brazil (31º 52'S and 52º
21'W; altitude of 13 m), from October 8th,
2015 to January 12th, 2016. Inside air
temperature was monitored daily by a
digital thermo-hygrometer, which was
installed inside an instrument shelter 1.5 m
above the ground. The average medium,
maximum and minimum temperatures
inside greenhouse during the experimental
period were, respectively, 24.1°C, 29.8°C
and 18.5°C. Data of incident global solar
radiation outside greenhouse were
provided by the Estação
Agroclimatológica de Pelotas, located
about 1000 m from the place of the
experiment. Accumulated and daily mean
global solar radiation were 1586.83 MJ m-
2 and 16.36 MJ m-2 day-1, respectively.

Commercial New Amore®

seedlings from Bioplugs (São Paulo, SP)
were used. Setting to the soilless system
was performed when plants were about 4-5
cm high.

Four substrate media were studied:
carbonized rice husk (CRH) and raw rice
husk (RRH), used alone; and the mixes of
CRH (85%) or RRH (85%) with a
commercial organic medium S10® (15%).
The last one is a certified medium
produced by Beifort® (Garibaldi, RS,
Brazil) and it is obtained from composting
a mix of grape stalks and pomace with
poultry bed (20%), peat moss (60%) and
carbonized rice husk (20%). Physical and
chemical characteristics of the substrates
were determined in the laboratory (Table
1).
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Table 1. Physical and chemical characteristics of carbonized rice husk (CRH) and raw rice
husk (RRH) after cultivation, used alone and in mix with commercial organic
substrato S10 (Beifort®) in Gypsophila paniculata cultivation in gutters with
recirculating nutrient solution. Capão do Leão, Rio Grande do Sul, Brasil.

Physical Characteristics
Media

CRH RRH CRH+S10 RRH+S10
Wet Density (g L-1) 262 236 343 417
Dry Matter (g 100 g-1) 60 38 54 54
Dry Density (g L-1) 156 90 186 225
Total Porosity (m³ m-³) 0.76 0.72 0.74 0.77
Air Space (m³ m-³) 0.56 0.58 0.47 0.42
Easily Available Water (m³ m-³) 0.12 0.04 0.12 0.12
WHC* 10 cm (m³ m-³) 0.20 0.14 0.27 0.35

Chemical Characteristics
Electrical Conductivity (dS m-1) 0.11 0.07 0.26 0.51
pH Value (H2O) 5.06 5.29 5.00 4.69
*WHC: water holding capacity.

The greenhouse contained 12
wood-made gutters (3.50 m long and 0.20
m wide), internally recovery by white
polyethylene film to waterproof, collect
and recirculate the drain solution. The
substratos were allocated individually in
the gutters at 0.15 m height layer,
corresponding to a volume of 105
liters/gutter, which resulted in 5.8
liters/plant. Gutters were arranged in pairs
sloping 3%. The pairs of double rows were
0.80 m apart (0.60 m wide paths) with 0.25
m between-row distance.  Spacing plants
0.20 m within-row distance imposed plant
density at 10.8 plants/m2 (18 plants per
gutter).  Each gutter was connected to a
nutrient solution catchment tank of 100
liters. The nutrient solution was supplied
individually for each gutter during 15 min
per hour (from 8 am to 7 pm) through a
pump and drip tapes, with drippers spacing
0.20 m (one dripper per plant) and a flow
rate of 1.35 liters/h per dripper. The drain
nutrient solution was collected and
returned to the catchment tank placed at the
final part of the gutter.

A randomized block experimental
design with three replications was used.
Each gutter was considered a block
(corresponding to 18 plants).

The nutrient solution recommended
by (Sonneveld; Straver, 1994) was
employed with electrical conductivity of
1.7 dS m-1 and the following
macronutrients composition (mmol/l): 15.0
NO3

–; 1.7 H2PO4
–; 1.5 SO4

2–; 1.2 NH4
; 7.0

K+; 4.5 Ca2+; and 1.2 Mg2+; and
micronutrients (mg/l): 1.40 Fe; 0.6 Mn;
0.30 Zn; 0.30 B; 0.05 Cu; and 0.05 Mo. The
pH was maintained in the range from 5.5 to
6.5.

Stalk staking was carried out by
plastic nets (0.15 x 0.15 m meshes) placed
over the gutters, supported by bamboo and
wood structures. At 21 days after setting,
apical pruning (pinch) was performed. The
primary stem apex of all plants was
removed.

The date of occurrence and time
length of phenological phases were
recorded considering all the plants in the
experiment. In this evaluation, 50% of
plants that reached such stage was
considered. Gypsophila development,
based on characteristics of plant
blossoming and accordingly the
phenological scale Danziger (1995), was
divided into phases with the following
criterion: a) Vegetative phase (I): from
setting to bloom induction; b) Bloom
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induction (II): from pinch pruning to stalk
elongation: c) Elongation and initial bloom
(III): period in which stalks start elongation
up to the beginning of bloom; and d)
Bloom (IV): period in which 50% of plants
exhibits buds at harvest point.

Daily thermal sum (dTS, °C day-1)
was calculated by Equation 1, proposed by
Arnold (1960):

dTS= (Tmean – Tb) x 1 day (1)

Where Tmean is the mean air
temperature, calculated by the mean of
daily minimum and maximum air
temperatures and Tb is the base
temperature of the species (10°C).

Accumulated thermal sum (aTS) of
different phenological phases was
calculated by the sum of dTS values.

In order to evaluate gypsophila
water consumption in different growing
media, each set composed of a gutter, a
catchment tank (graduated from 0 to 100
centimeters) and the corresponding 18
plants formed a lysimeter, similarly the
methodology proposed by (Peil;
Strassburger; Fonseca; 2012) for water
consumption determination in closed
soilless systems.  From a known initial
volume of nutrient solution and taking
account the amount of solution added to the
system, the volume consumed by the plants
in a certain period was determined.
Nutrient solution replacement was carried
out whenever the nutrient solution reached
a reference volume.

Volumes of nutrient solutions
added to the reservoir were summed from
transplant to final harvest, which occurred
97 days after setting.

A bifactorial analysis was carried
out to investigate water consumption in
periods that corresponded to every
phenological phase; growing media and
phenological phase were considered the
experimental factors (both with four
levels).

Water use efficiency (WUE) was
determined by the ratios between both
fresh matter and dry matter production of
aerial plant parts accumulated at the end of
the crop-season and the total volume of
water consumed per plant. Eight control
plants per plot were selected to determine
both fresh and dry matter production.

Data were submitted to the analysis
of variance and means were compared by
the Tukey’s test at 5% significance.

5 RESULTS AND DISCUSSION

The plants followed the same
growth pattern related to the thermal sum
in all evaluated substrate. Therefore, the
data presented (Table 2) are concerning the
average obtained from the totality of the
plants in the experiment. The crop cycle
enclosed 97 days from setting to final
harvest of flower stems and the total
accumulated thermal sum was 981.3 ºC
day.
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Table 2. Length of the period, accumulated thermal sum (aTS), medium air temperature
and global solar radiation mean daily observed in the phenological phases of
Gypsophila paniculata cultivated in gutters on rice husk-based substrate with
recirculating nutrient solution. Capão do Leão, Rio Grande do Sul, Brasil.

Phenological
phase

Period Days Medium Thermal Daily income
temperature * sum solar radiation **

(T ºC) (ºC day) MJ m-² day -¹
I 08/10/2015

21 16.5 135.1 12.7
28/10/2015

II 29/10/2015
36 19.5 341.0 16.1

03/12/2015
III 04/12/2015

27 22.4 334.6 19.1
30/12/2015

IV 31/12/2015
13 23.1 170.6 17.3

12/01/2016
Total cycle 97 981.3 1586.8

*Means temperature inside greenhouse. **Daily mean income global solar radiation outside greenhouse.
Phenological phase: I – Vegetative; II – Bloom induction; III – Elongation and initial bloom; IV – Bloom.

Regardless the media, accumulated
and daily water consumption varied
significantly among all phases (Table 3). A
general approach indicates that the
accumulated amount of water consumed
increased from vegetative phase (I) till
stem elongation and initial bloom phase
(III) and decreased during the bloom phase
(IV) in all substrates. On the other hand, the

daily average water consumption increased
from phase I until phase IV. On average,
the accumulated water consumption
comprised 4.2, 19.3, 49.6 and 26.9 % of the
total crop consumption and plants
consumed 0.014, 0.038, 0.131 and 0.147
liters plant-1 day-1 in the phenological
phases I, II, III and IV, respectively.
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Table 3. Accumulated and daily water consumption according to the phenological phases of
Gypsophila paniculata (vegetative growth - I), bloom induction - II), stem
elongation and initial bloom - III) and bloom - IV) grown on different rice husk-
based media in a recirculating nutrient solution system. Capão do Leão, Rio Grande
do Sul, Brasil.

Accumulated water consumption (liter plant-¹)*

Media Phenological Phases
I II III IV Total

CRH 0.28 aD** 1.38 aC 3.83 aA 1.99 aB 7.48a
RRH 0.31 aD 1.19 bC 3.33 bA 1.69 bB 6.52c
CRH + S10*** 0.32 aD 1.51 aC 3.63 aA 2.06 aB 7.52a

RRH + S10 0.29 aD 1.42 aC 3.38 bA 1.95 aB 7.04b

Mean 0.30 D 1.38 C 3.54 A 1.92 B 7.14

Daily Water Consumption (liter plant-¹ day-¹)
Phenological Phases

Media I II III IV Mean

CRH 0.013 aD 0.038 aC 0.142 aA 0.153 aB 0.087a
RRH 0.015 aD 0.033 bC 0.123 bA 0.130 bB 0.075c

CRH + S10 0.015 aD 0.042 aC 0.134 aA 0.158 aB 0.087a

RRH + S10 0.014 aD 0.039 aC 0.125 bA 0.150 aB 0.082b

Mean 0.014D 0.038C 0.131B 0.147A 0.083
**Means followed by the same small letters in vertical columns and capital letters in horizontal lines do
not differ by the Tukey’s test at 5% probability. CRH (Carbonized rice husk); RRH (Raw rice husk); CRH
+ S10 (Carbonized rice husk + S10***); RRH + S10 (Raw rice husk + S10). *** Commercial organic
medium S10 (Beifort) used in the ratio of 15%.

The vegetative phase (I), which
ranged from transplant to bloom induction,
presented the lowest thermal sum (135.1 ºC
day were accumulated from October, 08th

to 28th) (Table 2) as well as the lowest
water consumption (Table 3). Once the
plants were at the beginning of their
development and presented small leaf area,
a low water consumption is expected. This
it corresponded to the lowest medium
temperature and daily income global solar
radiation period (Table 2), which also
determined a low atmosphere water
demand.

During the phase of bloom
induction (II), which covered the period
from pinch to stem elongation (from
October, 29th to December, 03th), the
thermal sum was 341.0 oC day (Table 2). It

was the longest and coincided with an
increase in income solar radiation and,
consequently, in the daily medium
temperature that guarantee the highest
thermal sum and an increase in plant
growth and water consumption (Table 3).

In the phase of elongation and
initial bloom (III; from December, 4th to
30th) the thermal sum was 334.6 oC day
(Table 2), similar to that observed in phase
II. The maximum accumulated water
consumption amount was reached. On
average, 3.54 liters plant-1 (Table 3) was
consumed in phase III, which means an
increase of 156 % related to the amount of
1.38 liter plant-1 consumed in phase II.
Furthermore, in phase III, the second
largest daily water consumption was
observed (average of 0.131 liter plant-1 day-
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1). The large water consumption may be
attributed to the highest daily income
global solar radiation and to the second
highest medium temperature, which
determined a great demand of water vapor
by atmosphere, as well as to a great plant
growth. Increase plant growth and leaf area
ensures photosynthesis and transpiration
rates increase, and consequently, the
demand for water enhanced during the
stem elongation and initial bloom, as
previously reported for many cut flowers
crops, such as carnation (Schwab et al.,
2013), sunflower (Santos Júnior et al.,
2014) and gypsophila (Girardi et al., 2012).

During the last and shortest
phenological phase, the bloom phase (IV),
which ranged from the initial flowering
until the final harvest (from December, 31st

to January, 12th), the thermal accumulation
was only 170.6 ºC. The decrease in the total
amount of water consumption (Table 3)
corresponded to the gypsophila typical fast
flowering stage and it is a predicable result
since it comprised only 13 days. However,
during this short period, the highest daily
water consumption was recorded (average
of 0.147 liter plant-1 day-1), which was due
to the high leaf area associated to the
highest daily medium temperature and the
great income global solar radiation of
summer time (Table 2).

Fitting various low-degree
polynomials showed that the time course of
accumulated water consumption as a
function of week after setting (Figure 1)
revealed a similar polynomial of the second
degree pattern for all media.

Figure 1. Accumulated water consumption as a function of week after setting of Gypsophila
paniculata grown on different rice husk-based media in a recirculating nutrient
solution system. Capão do Leão, Rio Grande do Sul, Brasil.

Source: Höhn (2018).

At the beginning of the growing
period, up to about 6 weeks after setting
−which comprised all vegetative phase and
about 60 % of the bloom induction period,
the increase in water consumption of the
plants was slow (Figure 1). Thereafter,
water consumption increased significantly

and assumed a linear exponential until the
end of the crop cycle. This increase may be
attributed largely to the increase in leaf
area and plant ramifications occurred
during the phase of stem elongation and
initial bloom closely accompanied by an
increase in daily income global solar
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radiation and air temperature (Table 2).
Significant statistical interaction

between growing media and phenological
phases for both accumulated and daily
water consumption was detected (Table 3).

In phenological phase I, regardless
growing media, no differences among
plants water consumption were observed,
which can be attributed to the low water
demand by the plants at their initial growth
as well as to the low temperature and
incident solar radiation conditions of the
period that standardized crop responses.

From phase II to phase IV, when
plant growth increased highly, which
coincided with a significant rising in
incident solar radiation and temperature the
demand for water also increased greatly
and so differences among media were
detected. The cultivation in raw rice husk
alone reduced the accumulated water
consumption and consequently daily
consumption in phases II, III and IV as well
as the total water expended in the crop
cycle. The total amount of water consumed
by plants cultivated on pure raw rice husk
represented about one liter per plant less
than the average consumed on carbonized
rice husk media). These results may be
associated with the low water holding
capacity (WHC; Table 1) of raw rice husk,
since particles that compose this material
are large and uniform, a fact that hinders
water availability (Ludwig et al., 2010),
which is evidenced by its reduced easily
available water.

The addition of commercial
medium S10 increased the WHC from 0.14
to 0.35 and the EAW from 0.04 to 0.12
(Table 1) of the mixture in relation to the
raw rice husk used alone, which promoted
water consumption of the plants to similar

amount recorded in carbonized rice husk
media during phenological phases II and
IV However, in phase III, when the highest
daily solar radiation occurred, even with
S10 addition to raw rice husk, on average,
the crop water consumption in raw rice
husk media was about 10 % lower than that
observed in carbonized rice husk media. As
a consequence the total amount of water
consumed by plants during the whole
period of cultivation decreased slightly in
RRH+S10 compared to both carbonized
rice husk media.

On the other hand, S10 addition to
carbonized rice husk had no effect on water
consumption during all phenological
phases and consequently on total amount of
water used compared to that observed in
pure carbonized rice husk (Table 3). This is
in contrast with the results of (Souza et al.,
2010), who observed reduced water
consumption in Kalanchoe grown in
carbonized rice husk with organic compost
addition. Since the WHC and EAW (Table
1) slightly changed when S10 was added to
carbonized rice husk, less pronounced
effects of S10 on water consumption are to
be expected when plants growing on
carbonized rice husk alone and the mixture
CRH+S10 are compared.

On average, the amount of water
consumed by plants cultivated in both
carbonized and raw rice husk used alone in
phase III represented about 51 % of the
total consumption in the whole crop cycle,
whereas, in the cases of the media with
addition of S10, these figures were 48 %.
The media did not affect the water use
efficiency (WUE; the ratio of plant weight
to total amount of water) regarding dry
matter production (Table 4).
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Table 4. Water use efficiency given by the ratio of plant dry and fresh weight to total amount
of water used to grow Gypsophila paniculata on different rice husk-based media in
a recirculating nutrient solution system. Capão do Leão, Rio Grande do Sul, Brasil.

Media Dry weight Fresh weight*

(g liter-¹) (g liter-¹)

CRH 8.58 a 59.7 bc**
RRH 8.15 a 51.3 c
CRH + S10*** 10.89 a 73.5 a
RRH + S10 9.85 a 64.1 ab
Cv % 19.01 11.6

**Means followed by the same letter at the columns do not differ by the Tukey’s test at 5% probability. CRH
(Carbonized rice husk); RRH (Raw rice husk); CRH + S10 (Carbonized rice husk + S10***); RRH + S10
(Raw rice husk + S10). ***Commercial organic medium S10 (Beifort) used in the ratio of 15%.

The results suggest that, regardless of
the growing medium and the volume of
water consumed by plants (Table 3), the high
frequency of nutrient solution supply
adopted in the cultivation cycle probably
allowed a proper water provision and a
similar assimilates production by
photosynthesis in all four evaluated media.
In accordance with our results with
gypsophila, (Lopes et al., 2011) found an
increase in WUE in melon crop due to a high
frequency of irrigation, irrespective of the
irrigation volume applied. Thus, values of
WUE referred to dry matter production
found by this study had little variation and
suggested that water use by plants in their
photosynthesis metabolism and evaporation
through the substrate surface were little
affected by the medium constituents.

Fresh matter production, which is
related to marketable yield, apparently was
more stimulated by the addition of S10, to
both carbonized and raw rice husk media,
than dry matter production. It should be
noted that since the WUE related to fresh
matter production were increased by S10
addition. This effect should be ascribed to
the highest WHC (Table 1) given by the
addition of this commercial organic
medium, which probably ensured better
water supply to the plants even during the
phases of high incident solar radiation and
temperature. Furthermore, the increase in

WHC may be the result from rearrangement
and accommodation of growing media
particles throughout the crop cycle, a fact
that may have been improved by composted
material of S10. Consequently, when plants
were cultivated in CRH+S10 and RRH+S10,
the total accumulated water consumption
was increased and it allowed a higher
production of fresh matter, which resulted in
a greater WUE (Table 4).

Like the total amount of water used
to grow gypsophila, the WUE related to
fresh matter production decreased when
plants were cultivated on medium of raw rice
husk alone. Nevertheless, even though the
WHC of pure carbonized rice husk, as well
as the water consumption by plants in this
medium (Table 3) were superior to those
verified in the cultivation on pure raw rice
husk, the WUE) was similar in both growing
media. This indicates that water absorption
by roots may have been limited in pure
carbonized rice husk medium due to its low
WHC (Table1). The carbonization process
makes part of the husk breaks, which causes
high variation in the distribution of particle
size of the medium; a certain small
percentage is the size of particles of S10.
However, it was not enough to reach a higher
WHC and guarantee a WUE like in
CRH+S10 medium.
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6 CONCLUSIONS

The rice husk-based growing media
had no effect on the thermal sum of the
different phenological phases of gypsophila.
The total accumulated thermal sum of the
crop cycle was 981.3 °C and the phases II
(bloom induction) and III (elongation and
initial bloom) comprised, respectively, 34.2
and 34.1 % of the total sum. The
accumulated amount of water consumed
increased from vegetative phase (I) till stem
elongation and initial bloom phase (III) and
decreased during the bloom phase (IV) in all
evaluated media. The daily average water
consumption increased from phase I until
phase IV.  Growing medium had a slightly
effect on plant water consumption.  The
amount of water consumed by plants
cultivated in both carbonized and raw rice
husk pure material in phase III represented
about 51 % of the total consumption in the
whole crop cycle and in the substrates with
addition of commercial organic medium,
these figures were 48 %. In raw rice husk
media, the crop water consumption was
about 10 % lower than that observed in
carbonized rice husk media. The addition of
organic medium to raw rice husk increased
water consumption of the plants in relation
to the material alone. Although, the addition
of S10 improved physical characteristics of
both carbonized and raw rice husk
throughout the cycle. The addition organic
medium improved water holding capacity of
both carbonized and raw rice husk,
enableded better water use efficiency about
to fresh matter production.
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