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ARTICLE INFO ABSTRACT
Article history: This study aimed to evaluate the efficiency ofevatse (WEU) and fruit yield (TMF)
Received 12 February 2016 of strawberry cultivars grown in different substimt The study used a randomized
Accepted 29 March 2016 block design, in a factorial arrangement of 2x2x#hwwo cultivars (Albion and
Available online 4 April 2016 Camarosa), two sources of seedlings (domestic emqbried) and four substrates
combinations: S1: milled sugar cane bagasse (70%jg#&nic compost (30%); S2:
Keywords: milled sugarcane bagasse (70%) + commercial stbsBarolin® (30%); S3: burnt
Fragaria ananassa; cultivars; seedling rice husks (70%) + organic compost (30%) and S4ntbuce husk (70%) +
origin renewable commercial substrate Carolh#30%), arranged in four repetitions with each titioe

consisting of 8 plants; 32 plants were evaluatedotal. The cultivar Camarosa, of
domestic origin, showed higher TMF and WEU (31%@1ha’ and 88,10 L druit™,
respectively). The S3 provided greater TMF (37181h&); however both S3 and S4
had greater WUE (150,9 and 145, 9 L g fruespectively). The burnt rice husks mixed
with organic compost is a renewable, low cost alidve that provides greater
productivity and efficiency of water use for straaxies produced in semi-hydroponic
systems.

INTRODUCTION

The fruit of the strawberryFfagaria ananasspis known for its strong flavor (Sametal, 2016), it can be
eaten raw or processed (¥tial, 2014), and also has pharmacological charadtsigtat may prevent chronic
diseases such as cancer (Zhanhal, 2008). In 2012, land used in strawberry productaround the world
reached 241,000 ha, in recently years cultivatiea &as increased significantly, with principalguoers being
located China, The USA, Turkey, Mexico, and Spd&AQ@STAT, 2015). In Brazil the production in 2013
reached 3,200 tons of fruit, with an average praditg of 84.211 kg/ha (FAOSTAT, 2015).

The traditional method for strawberry cultivatignvery laborious, and it results in increased gues on
producers to treat crops, due to a high prevalehdésease. Thus, arises the importance of adoptioduction
systems which minimize the problems associated tnattitional methods. Among possible systems, \caffitbn
within a protected environment known as ‘semi-hyanaics’ stands out; in this system, a producermanage
environmental factors such as solar radiation, @atpre, and water availability. This system caabés fresh
fruit production all year, regardless of seasonmiifféret al, 2012; Sameet al, 2016).

The use of substrates provides a favorable enwvieon for the growth of the strawberry plants by, fo
example, promoting root growth and leading to ardase in the absorption of nutrients. Furthermdrig
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irrigation is a very efficient method for providingater to the cultivars, this may be especiallgvaht to areas
where water is a scarce commodity and the grousdidiat or loose texture (Kumar and Dey 2011)

In hydroponic strawberry production systems, aartirsubstrate with a balanced porosity that allows
sufficient permeation of air and water is necesssuigh a substrate results in the improved devedoprof the
root system and physical support of the cultureaddition to the total porosity, the substrate nhaste a high
capacity for cation exchange (Vaugéinal, 2011).

One of the biggest obstacles for strawberry fagmim semi-hydroponic systems is the availability of
substrates, as these have a high cost to proddeegiuse of this, we have been seeking an agrotimlusaste
option alternative that has ideal physical charisties for the cultivation of the plants, a lowstoand
widespread availability for producers.

Carbonized rice husks have been widely used asbstrate in semi-hydroponics; they present physical
characteristics favorable for good plant growth;ahese they contribute to water retention, have goadtion
and resistance to decomposition. They can als@bsed when not contaminated by previous crops.|¢Mel
al., 2006).

The bagasse or residue from sugarcane produdtam,a physical point of view, shows good stability
particles which is a desirable feature of subséréde plants (Silveet al, 2008). In addition to this, it is often
used in order to reduce production costs.

Similarly, the culture of strawberry plants reggidarge quantities of water during their productiycle;
however the methods of irrigation and water managemre not always efficient, and can result imss lof
water and therefore reduce the supply of watehdégptants. (Martinez-Feret al, 2016).

The management of water irrigation is a practicgreat importance for the profitability and envirnental
sustainability regarding strawberry production, @naas a strong influence on overall yield (Létmauet al,
2015).

This study aims to evaluate the productivity effitiency of water use for strawberry cultivarogn in a
semi-hydroponic system with different substrates.

MATERIALS AND METHODS

The experiment was conducted at the Federal Wsityeof Santa Maria, Campus Frederico Westphalen,
Rio Grande do Sul, Brazil, located at the coordig27° 23 S and 53° 25,74 W, at an altitude of 493 e
climate is a temperate humid type with an annuataye precipitation of 1735 mm and an average teatyre
of in the coldest month of the year beind3 °C (Maluf, 2000).

The experiment was carried out in the period betwlay to December of 2015, inside of a greenhouse.
The greenhouse had a metallic frame with an archefl measuring 20m long by 10m wide, and a ceiling
height of 3.5m constructed in a north-south dimtti

A randomized block experimental design was usadanged in a factorial placement 4x2x2, four
substrates, two cultivars (Albion and Camarosa)k plants were of two origins (domestic and imported
arranged in four repetitions, each consisting gheplants totaling 32 evaluated plants. Each plotsisted of
two rows of 1.0 m, spaced at 0.25 m.

Four plants in each row were planted spacing 26 . Domestic seedlings came from a nursery |dcate
the town of Agudo / RS. Imported seedlings wereagran the nursery Patagonia Agricola S.A., locatethe
municipality of El Maitén, Argentina, with the geaghic coordinates of 42°3'S, 71°10'W and an algtwf
720 m above sea-level.

The substrates used in the experiment had aniorQase and were made of organic material, S1edill
sugarcane bagasse (70%) + organic compost (30%inid sugarcane bagasse (70%) + commercial saibst
Carolind (30%), S3: burnt rice husks (70%) + organic cormf88%), and S4: burnt rice husks (70%) +
commercial substrate Carolh&30%). After being mixed in the aforementionedgandions, physical (Table 1)
and chemical (table 2) analyses were conductetemixtures.

The different substrates packaged in heavy dufyevtbbular plastic bags with 150 um 1.0 m long,0b%

m wide which were placed in stands approximatedyri.above the soil. The imported cultivar Camanvaa
transplanted on May 25, 2015; the domestic cukiv@amarosa and Albiomere transplanted on May 26, 2015,
and the imported cultivar Albion was transplantedJone 8th, 2015, they were all grown until Decemibk
2015.

Irrigation system and efficiency of water use:

Irrigation and fertigation was performed by a dirpgation system located inside of the substizdgs,
comprising drippers spaced 0.10 m apart. Each nglogived the same regimen of irrigation throughibwet
experiment, according to the weather conditions.

We calculated the amount of water used in theetiration of the experiment as Morikk al, (2015),
describes in the formula:
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Table 1: Physical analysis of substrates for the semi-hyaine cultivation of strawberries.

Density Total Aeration a'f;ggle Buffering Available Remainder
Substrate porosity space capacity water 3
(Q/Cn?) (m3/m3) (m3/m3) (rVT\]/?’a/:sg) (m3/m3) (m3/m3) water (fﬁ/m )
S1 0.14 0.74 0.48 0.05 0.01 0.06 0.2
S2 0.09 0.75 0.46 0.09 0.02 0.11 0.18
S3 0.23 0.63 0.27 0.15 0.03 0.18 0.18
S4 0.13 0.67 0.29 0.24 0.08 0.32 0.05
Table 2: Chemical analysis of substrates for the semi-hyoin@ cultivation of strawberries.
. . . . Organic
N|troglen Phsph?rus Potas_sllum Cachm Magng§|um carbon (mm | Hydrogenioni
Substrates (mm™) (mm™) (mm™) (mm) (mm™) 1 :
) cal potential
S1 1.13 0.56 0.5 0.7 0.2 17.67 6.6
S2 0.35 0.08 0.64 0.3 0.6 12.25 5.6
S3 0.95 0.61 0.59 0.7 0.16 5.45 7.5
S4 0.24 0.1 0.69 0.2 0.6 5.75 7

Where: Qg = total quantity of water used over the entireigrbiof the experiment; J= quantity of water
used in different cultivation practices such apiiaparation, planting, the initial washing of théstrate, etc.;
WVI = quantity of water used duringach irrigation period i= 1, 2, 224 (Moriolkt al, 2015). The amount of
water used was the same for all treatments.

The efficiency of water usage for the productigistem was calculated as the ratio between the total
amount of water used and the total production woit foer plant (g) (Moriolloet al, 2015), described in the
equation:

WEU = % 2)
TFP
Where: WEU = the efficiency of water useydF Total amount of water used during the entireftyhe

experiment (liters); and TFP = total fruit prodoctifor each plant (grams).

Data analysis:

Initially, the data were analyzed for the preseoiceutliers; any extremes that did not belongh® sample
were excluded. The outliers were categorized uSIA§ analyses. Later individual variance was analyine
order to verify the homogeneity of variances. Whies ratio between the highest and lowest mean squas
below seven, an analysis of variance was used (6d®@0). The variables of efficiency of water wmed fruit
yield that showed significant interaction (sub&ratcultivar x origin)disrupted its simple effects. When the
interaction was not significant, the principle effe were compared Tukeyp<0.05). The analyses were
conducted with use of the programs Microsoft Ex@eld SAS (SAS institute Inc 2010).

RESULTS AND DISCUSSION

The analysis of variance showed a significantrattgon (<0.05) between cultivar and origin, for fruit
productivity and efficiency of water use, revealihat the response of cultivars to the studiedaldes differs
according to the origin of the seedlings. It hasrbebserved that the substrate influenced the nsspof the
variables independently of cultivar and sourcethascultivar factor separately showed statisticghisicance
(p<0.05). Among the origins, no significant differenagere found (Table 3).

For the variable of efficiency of water use, theltigar Camarosa had significantly higher values
(88.10+8.27) when compared to the cultivar Albid39.42+17.11). For Camarosa, when compared byrorigi
(domestic, imported), it was seen that the imposadant (122.24+16.70) used a greater volume dExven
fruit production when compared to the domestic arsrisame species (88.10+8.27¥@®5). An average of
main effects showed that the cultivar Camarosa rhacdea higher water use efficiency.

The shallow root system, high leaf area, and & kigter content within the fruit of strawberry pisuare
some factors which contribute to cultivars' hightavarequirement in order to maintain physiological
homeostasis, though this requirement is known fferdirom cultivar to cultivar (Martinez-Ferat al, 2016).
The results of this study revealed that the culti@Zamarosa showed the most satisfactory resultsnwhe
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compared to cultivar Albion, and this fact is asatex with the physiological and morphological cweristics

of the cultivar (Martinez-Fergt al, 2016; Granget al, 2010).

Table 3: Summary of the analysis of variance for the vaeslfruit productivity and efficiency of water use.

Dearees fruit yield Efficiency of water use
Source 9 (kg hat) (I g fruit?)
freedom
Mean Square
Substrate 3 216365.0985 24080.2441
Cultivar 1 111923.7025 7279.5101
_ 5220.0625 274.5664¢
Origin 1
Substrate*Cultivar 3 11989.8204 662.5153"
Substrate*Origin 3 3728.7288° 1417.0097¢
CultivarOrigin 1 38956.8906 14395.1896
Substrate*Cultivar*Origin 3 9277.308% 4054.5078
Coefficient of variation (%) 23.78 36.19
“significant at 5% probabililty
" not significant
Table 4: Efficiency of water use strawberry for the impdrend domestic cultivars.
Water efficiency use Average
Source -
Albion Camarosa
Imported 113.5748.60 aA 122.24+16.70 bA 117.91+@&27
Domestic 139.42+17.11 aB 88.10+8.27 aA 113.76+1@.42
Average 126.50+9.70 A 105.17+9.66 B

A b All means without a common superscript diffgmséficantly between sourcep<0.05); A B: All means without a common superscript
differ significantly betweenultivars £<0.05). Mean of four replicates +SE.

In other studies, average results for water uleiefcy were found at 113 and 10Z/trcultivation in soil,
which calls attention to the high demand for waket the strawberry crop requires per hectare (Moeit al,
2015). Concerns about the management and use ef tiad been widely discussed by environmentaliststa
climate change scenarios, which often predict eeg#reduction in water availability for consumptiand
agricultural use. In agriculture, disasters causgdxtreme weather conditions can cause damag®ps,cwith
the potential to destabilize food systems threatprmjlobal food security (Leskt al, 2016). Thus, it is of
paramount importance to study how more food magrbduced with lower quantities of water. To achiéhie
end, it is important to consider plant breeding dhe selection of cultivars which best respond ttew
availability, and are able to produce more per ldéwater used (Monaghagt al, 2013). For example, the
strawberry plants use a significant amount of watemeet the water needs during the period of droavtd
development (Moriollcet al, 2015). It is therefore necessary to be awardhefprinciple strawberry cultivars
and their water use efficiency, when considering io achieve greatest efficiency values (Martinezxret
al., 2014).

According to Grantet al, (2010), the responses to water stress were airiml multiple strawberry
cultivars; while they had different leaf areas untéorable conditions, they all demonstrated auctidn in
leaf area to a similar level, when water avail&pilvas limited. Strawberry crops, when subjectea terious
water deficit, experienced a reduction in weight amisture after harvesting the fruit.

When strawberry plants are subjected to a sevenggtit, the fruit will exhibit a loss of mass andoav
moisture content after the harvest. This resulta igreater accumulation of anthocyanins in thetsriand a
prematurered coloring which often presents itself earliearththe coloring of strawberries without water
restrictions; the accumulation and biosynthesiashsftisic acid has also been observed (@hah, 2016).

Martinez-Ferriet al, (2016) observed differences in values for yielficiency in early periods of
production when using optimal amounts of water gooduction; the cultivars Benicia Splendor and Uogt
presented higher efficiency values when comparethé¢ocultivars Antilhas, Sabrina, Camarosa, andtean
Clara. In addition, the same authors report thatsike of the plants was different among the calfivAntilla,
Camarosa, Sabrina and Santa Clara were significhigher when compared to Fortuna, Benicia andrigjae
Grantet al, (2010), found significant differences betweelticars for water use efficiency, and this increse
as the amount of water for each plant was limitibay found lower values for Delia , Emily, Totemdan
Cambridge Favourite cultivars and higher valueEBlsanta and Symphony. Delia, Emily, Totem and Cadhgjer
Favourite had greater values than Elsanta and Sgmyph
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The efficiency of water usage could be improvedlyh the use of strawberry cultivars relativelletate
to water stress and could result in increased potddty with greater sustainability (Martinez-Feat al, 2016).
In the present scenario, a reduction of irrigattan reduce the production of fruit cultivars thatud normally
have high yield potentials (Graat al, 2010). The results obtained in this study rea@dhat that the cultivars
used in the study have a high efficiency of watse, thus indicating that they may be used for \afitbn in
areas where water availability is a limiting factor production.

The low water availability affects the expansidntlre fruit more, in some other cultivars than othe
demonstrating that the yield of a cultivar is restliavhen subjected to different water deficits. Thigher
suggests that selection for high yield potential calirectly lead to a high efficiency of water usmed higher
productivity yields when water is limited (Graet al, 2010). Strawberry cultivars with greater effiwg of
water use result in increased productivity, whichynincrease economic gains by reducing costs fderwa
irrigation (Cattivelliet al, 2008). Gomest al, (2015) reported that water use efficiency i®dliy related to
the irrigation system and the frequency of applicabf water, regarding the production of strawierants.

Water use efficiency directly influences crop gligthe greater that the value for water use efficyeis, the
greater the productivity will be. The productivity this study's results have confirmed this hypsihei.e. the
cultivar Camarosa showed higher productivity whempared to Albion when low amounts of water were
applied to the two cultivars. This fact is relatedthe amount of available water, which was theesdon both
cultivars. When compared within the same cultithe one of domestic (Brazilian) origin Camarosaveit
significantly better results when compared to inpdwariant (Table 5).

Table 5: Total fruit mass per hectare for imported and dstinestrawberry cultivars.

Source . Fruit yield (kg/h&) Average
Albion Camarosa
Imported 23894.40+1577.51 26466.90+3308.74 25180.70+2570.27
Domestic 21548.70+2349.56 31521.40+2281.97 26535.10+2606.72
Average 22721.60+1990.89 28995.20+2868.30

All means without a common superscript differ #igantly between origin § < 0.05); * BAll means
without a common superscript differ significantigtiveercultivars p < 0.05). Mean of four replicate<SE.

The greater yield obtained by the cultivar Camayegs likely due to the fact that it is stronged &as a
more robust root system than the Albion cultivarafihez-Ferriet al, 2016). These features allow for a better
absorption of water in deeper soil layers, incregghe efficiency of water usage. Research alsealed that
even when water availability was reduced, the ®aband Camarosa cultivars have shown relativelatgre
levels of production, demonstrating that water efficiency is genotype-dependent (Martinez-Fatial,
2016).

Genetic improvement of strawberries is highly impot in order to generate cultivars with unique
morphological characteristics, in order to increpezductivity in crops that may have limited accessvater.
The production of more efficient and sustainableicafture is comprised of various approaches and
technological innovations (Pregy al, 2010), such as semi-hydroponic or soil-lesscagftire.

It has been observed that the efficiency of wasage on different substrates was best in S3 an@ir®4S3
substrate was composed of burnt rice husks (708&6yanic compost (30%), and S4 of burnt rice hugkeé4) +
commercial substrate Carolina® (30%). The efficien€ water use was greater, because they proviégerb
physical characteristics which benefitted the Mamsuch as a lower porosity (0.63/m® and 0.67 fim’,
respectively), higher density (0.23m> and 0.13 rfim®, respectively), and lower aeration space (0.3/frh
an 0.29 niYm?, respectively), which are all features that assistater retention for the plant (Figure 1A).

As the treatments all had the same amount afaition water applied to them, the obtained diffee=nare
due to the substrate used. This had a direct impaatater use efficiency and the overall produttiaf the
plant. The lower efficiency of water use observeddubstrates S1 and S2 occurred due to excessiehihg,
likely because these substrates present such higdsify. For fruit production, it was observed tlla¢ S3
mixture was significantly higher than the other studites (Figure 1B).
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Fig. 1: (A) water use efficiency and (B) total fruit masfsstrawberries cultivated in different substratedar
represent the standard deviation, calculated weitin feplicates.
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According to the water retention properties, mgmuees represent an important part of the soilrasdlt in
a high drainage capacity for the soil (Létournegal, 2015). Under these conditions, it is likely thiz¢ water
supplied by irrigation in S1 and S2 substratesHedmut rapidly due to larger aeration spaces. isHigown to
damage plants due to a lower amount of availabkerwand thus result in greater water stress ffothis case,
strawberry plants. Thus, an increase in water ffggemcy can be obtained by monitoring the matratential
in the root zone (Létourneaat al, 2015), which then can be used to determine theuat and frequency of
irrigation for the particular type of substrate tobe used.

The results revealed that the S3 and S4 subditarels have a better efficiency of water use aod fr
productivity. These mixtures are composed of 70%ntrice husks, a raw material easily and inexpeigi
purchased from producers. Thus, alternative, rebiyand low cost materials have demonstratedthiegt can
effectively be used for strawberry cultivation iensi-hydroponic systems. Such substrates also reduce
dependency on manufactured substrates.

Conclusion:

The domestic (Brazilian) cultivar Camarosa hasagnewater-use efficiency, as is reflected in ighbr
productivity of fruit when compared to the domegtidtivar Albion. However, within the same origihe two
imported cultivars showed no difference.

Among the combinations used as the substratemtkiure of burnt rice husks (70%) + organic compost
(30%) provides the best efficiency of water use pratiuctivity for the semi-hydroponics strawberrgs; this
substrate is made of cheap, renewable, and eashtéin materials that may be used for semi-hydrigson
strawberry cultivation.
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