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ABSTRACT

The yellow passion fruit is grown under different edaphoclimatic conditions. Irrigation standardizes and increases
the development and productivity of the plants. The objective of this study was to evaluate the physiological and
productive aspects of yellow passion fruit with application of hydroabsorbent polymer at different irrigation depths.
The experimental design was in randomized blocks in a 2 x 5 factorial arrangement. The treatments were soil with and
without polymer and five dephts of irrigation (60 to 100% of crop evapotranspiration). Initial, maximum, and variable
chlorophyll fluorescence, physiology (photosynthetic rate, internal carbon concentration, transpiration, stomatal
conductance, water usdiefency, and instantaneous carboxylatiofieééncy) and production of yellow passion fruit
were the variables analyzed. The hydrogel probably retained water in its structure, reducing the ability to dissipate
excess engy. Setting the irrigation depth at an estimated 82% of crop evapotranspiration increased photosynthetic
rate, stomatal conductance, and water use efficiency of yellow passion fruit plants. Maximum yield was'ii.2 t ha
irrigated plants at 100% evapotranspirationdBm soil without hydrogel.

Keywords: Production componentBassiflora edulisHydrogel; Irrigation management.

INTRODUCTION CO, assimiation, loss of cell turgidity and stomatal

Brazil is the worlds lagest producer and consumer ofPPENINgG (Melcet al, 2010; Zlatev & Lidon, 2010; Kalaji

yellow passion fruitwith production reaching 700,000 tons®t al, 2016). .
in 2017 (Agrianual, 2018). The species of the genus Plants under water stress do not use all the light energy

. . . o to produceATP and NADPH because they progressively
Passiflorg which is the yellow passion fruit, it grows and ) . .
4 4 P g educe photosynthesis (Martinazebal,, 2013). This

produce§ under dlffergnt edaphochmaﬂc conditions, Wlthlcreases the susceptibility to photoinhibition by directly
production beginning from six months after

. . or indirectly affecting photosynthetic capacity and,

transplantation (Meletti, 2011). consequentlthe chlorophyll a fluorescence kinetics (Go-

Water deficiency in semi-arid regions decreasegeset al, 2012). Besides that, the photoinhibition reduces
relative leaf water content, turgor pressure, cellulahe evolution of maximum CQyield and prolonged
water potential, plant growth, and productivity (Efeocliexposure to excess light increases the production of
et al, 2009), and this is also true for passion fruiteactive oxygen species - ROS (Long & Humphries, 1994).
(Godimet al.,, 2009). These declines are the result dPlants reduce these damages by safely removing excess
reduced leaf metabolism dt®decreased transpiration,light by dissip&ing thermal energy facilitated by the
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association of zeaxanthin and PsbS protein, a procegater energy level at permanent withering point 1,500 Mpa
called photoprotection (Demmig-AdmasA&dmas Ill, =58 (g kg"); available water = 49 (g K{j textural class =
2006; Pinnola & Bassi, 2018). open soil sand.

Among the technologies that offer an alternative for Treatments were distributed in randomized blocks in a
more efficient water use in Brazil, the use of agricultural x 5 factorial arrangement with or without hydroabsorbent
hydrogels has gained notoriety in the last decad@slymer and at irrigation depths of 100, 90, 80, 70, and
(Monteiro Netoet al, 2017). Hydroabsorbent polymer60% of crop evapotranspiration (EJl with four
(hydrogel) retains watereducing nutrient leaching and replications. Each experimental unit was represented by a
improving cation exchange (Fagundssal, 2015) as 3 x 3 m spaced plant conducted in a plastic contedser
well as making water available to plants (Feligpal, pressure lysimetewith dimensions of diameter 0.60 m,
2016). Hydroabsorbent polymers are used for thieeight 0.50 m, area 0.28mand volume 140 dfnadding
formation and growth of lettucédctuca sativd..) and 140 kg of substrate. In the lower base of the pressure
cowpea Vigna unguiculata(L.) Walp) seedlings (San- lysimeter two hose drains with a nominal diameter of 13
toset al, 2015; Lope®t al, 2017), but their use in the mm were installed to collect the leached volume, mainly in
cultivation of yellow passion fruit requires more researchireatments with the largest depth irrigation.

These polymers promote greater water and nutrient The physical properties of the Hydroplan® water-
retention, releasing more slowly to plants due tabsorbent polymer EB/HyA (Empresa de Base & Distri-
absorption-release cycles and irrigation depths that alldwaidora Ltda — Hydroplan-EB, S&o Paulo) are: appearance
water levels to be maintained (Bernaadial, 2012; =white granules, particle size = 0.5 to 3 mm; anionic, active
Fagundegt al., 2015). ingredient (% solids content) = 100, water content (%) =

The objective of this work was to evaluatelO, volume density (g c= 0.8 and solubility = insoluble
physiological and productive aspects of yellow passian water This polymer was applied at a dose of 1 g fay
fruit with the use of hydroabsorbent polymer at differenéandy soils, according to the manufactigesuggestion

irrigation depths. and applied in four stations, one per quadrant of the
lysimeterinstalled at 0.10 m from the wall, 0.20 m of the
MATERIAL AND METHODS plant stem, and 0.20 m deep. The substrate before the

The experiment was carried out from September 201@stallation of the stations, was moistened to collect 0.4
to June 2017 at Macaquinhos site, Remigio, Paraiba Statey’, mixed with 35 g of the polymer and returned to the
Brazil (latitude 6° 5300" South, longitude 36° 0B0"  lysimeter The seeds of passion fruit were obtained from
West, altitude 470 mT.he climate of the region, accordingfruits of a commercial orchard of plants submitted to mass
to the Koppen classification, &s’, which means hot selection. These were plants of the local variety
and humid, with concentrated rainfall from March to July'Guinezinho’) that is traditionally grown in the
(Alvareset al, 2013) Temperature and relative humidity municipality of Nova Floresta, Paraiba State, Brazil
(obtained with Datalogger model H/D, Instrutherm Ins- (Medeiroset al., 2016).
trumentos de Medic&o Ltda, S&o Paulo), quantified Substrate humidity was increased to field capacity one
rainfall in pluviometer and evaporation rates measurethy before seedling transplantation, with water applied
in the Class “A” tank during the experiment wereuntil the beginning of the drainage and the applied and
recorded (@ble 1). drained volume after 24 h. This allowed obtaining the

The soil of the experimental area was classifiedyumidity at field capacity level by difference between them.
according to the Brazilian Soil Classification SystenThe passion fruit seedlings were transplanted in soil with
(Embrapa, 2013), as Dystrophic Regolithic Neossol tydeeld capacity moisture and irrigated every two days with
with the following chemical characterization: pH,®) =  ETc irrigation depths corresponding to 60, 70, 80, 90 and
7.3; P =352 (mg df); K* =474 (mg dmi); Na" = 1,094 100% ET, respectively: 492.1;574.1; 656.1; 738.1 and 820.1
(cmol dm®); H**Al** = 1.90 (cmaldm®); AI**=0.00 (cmal L plant* during the crop cycle from September 2016 to
dm?); Ca* = 6.55 (cmoldm?); Mg = 3.98 (cmoldnm®);  June 2017.
base sum = 13.69 (cmdh?); cation exchange capacity =  Irrigation was performed according to crop
15.58 (cmoldm®); exchangeable base saturation = 87.8@vapotranspiration (TEa), calculated as the product of
(%); organic matter = 24.15 (g Kgand physical: sand = tank evaporation class *AEta), between reference
830 (mm); silt=113 (mm); clay = 57 (mm); dispersed clay isvapotranspiration (EYand 0.75) and the crop coefficient
water = 25 (g kg); degree of flocculation = 56.14 (%); soil kc (Stone & Silveira, 1995). The crop coefficients adopted
density = 1.36 (g crf); particle density = 2.58 (g cfj1  for the yellow passion fruit were 0.40 of the seedling
total porosity = 48.68 (%); moisture at water energy levétansplant period up to 60 days after transplantatioT{PA
at field capacity 0.010 Mpa = 107 (g Rgmoisture at 0.64 of the period from 60 to 90 Arom 0.96 of the 90 to
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120 DAT and 1.2 out of 120 DRuntil the end of the physiological readings, taking the weighted average of
harvest (Freiret al, 2011). the measured values, were made from two completely

The passion fruit seedlings, with a height of 15 to 28eveloped yellow passion fruit leaves (one per quadrant
cm and three pairs of leaves, were transplanted anfithe third pair of leaves from the apical meristem of the
supported in a simple trellis with a flat wire no. 12 to 2.7 rbranches). The physiological variables photosynthetic
high at the top of the poles. The plants grew in a singtate (A), internal carbon concentration (Ci), transpiration
stem up to the support wire when the bud was pruned ddie (E), stomatal conductance (gs), water use efficiency
cm above the trellis for growth emission of the productiveA/E) and instantaneous carboxylation efficiency (A/Ci)
branches (Freiret al, 2011). were determined with IRGA (Freiet al 2014).

The fertilization of yellow passion fruit was carried  The fruits were harvested from March to July 2017
out, monthly from 30 to 120 DA, with nitrogen (urea, and counted, and their mass obtained in a 0.1-g precision
45% N) and potassium (potassium chloride, 60%)dn  electronic scale. The total number and average fruit mass
the proportion of 1:1, applying 5, 10 and 15 g of N and 6@nd yield were obtained at the end of harvest. The data
90 and 120 g of K. From 120 DAuntil the end of the were subjected to analysis of variance by the F test at 5%
harvest, monthlywere applied 20 g of N and 20 g of K inprobability The mean for the hydrogel were compared
the form of urea and potassium chloride. Phosphatssing the F test (p < 0.05), which is conclusive for two
fertilization was 5 g plaritof P as simple superphosphatdactors from the same source of variation. The results, at
(18% BO,, 20% C&" and 12% S) every two months fromthe different irrigation depths, were analyzed by regression
60 DAT, totaling 20 g plantof Pand 22, 22 kg ha with the SatisticalAnalysis System software.

Chlorophyll a fluorescence was determined in the
morning on the third fully developed leaf from the PIanRESULTSAND DISCUSSION
Efficiency Analyzer PEAII® Modulated Fluorometer The initial, variable and maximum fluorescence ratios
branch apical meristem (Opti-Sciences, USA). The leavagere higher in plants without hydrogel, with values of
were dark adapted for 30 min with the use of the fluorometé4.5, 320.0, and 384.6 and 13.6, 12.1, and 12.7% higher
forceps (Freiret al, 2014). The initial (f), variable (Fv) respectively than those obtained with the polymer
and maximum (Fm) fluorescence and the ratio (fafd  (FigurelA, B, and C). Under conditions of low availability
quantum efficiency of photosystem Il (Fv/Fm) wereof water resources, for example, chlorophylls have
quantified (Maxwell & Johnson, 2000). mechanisms called ‘non-photochemical extinction’ which

Gas exchange was evaluated with a portable infrarade measures of reducing fluorescence by a pulse of
radiation (IRGA) carbon analyzer (LCPro + Portablesaturating light, in addition to preventing the arrival of
Photosynthesis System@DC BioScientificLimted, light by displacing the LCHII antenna of the PSII to PSI
United Kingdom) at 25 °C, 1,800 pmol photong st  (Pinolla & Bassi, 2018). The quantum efficiency of PSII
irradiation, and flow rate of 200 mL air minThe in yellow passion fruit increased with irrigation depths.

Table 1:Precipitation (P), evaporation in tank class “A” (EY"), temperature (T) and relative humidity (RH) in 2016 and 2017
in the experimental area in Macaquinhos’ site, municipality of Remigio, Paraiba State, Brazil

Year 2016

Months P ET“A” T RH P ET“A” RH T

mm Mm °C % mm mm % °C
January - - - - 10 6.7 70.2 20.8
February - - - - 9 6.8 66.4 21.4
March - - - - 58 6.5 80.8 215
April - - - - 54 4.7 81.2 27.0
May - - - - 77 4.6 76.1 24.7
June - - - - 75 4.5 75.3 22.6
July - - - - - - - -
August - - - - - - - -
September 19 6.2 25.3 75.6 - - - -
October 10 8.2 26.2 76.2 - - - -
November 0 8.3 27.1 75.2 - - - -
December 103 7.3 20.7 77.3 - - - -
Total /Average 733 5.8 24.8 76.1 283.0 5.6 75.0 23.0

- = months without data collection of the respective variables.
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The other variables were similar between treatmenksydrogel had adsorbed water on its structure, thus limiting
(Table 2). the availability of water to the plants”. On the other hand,
The initial, maximum, and variable fluorescence oivater that was not absorbed by the hydrogel was readily
plants without hydrogel in this study differ from the resultgavailable in the soil without polymeand the photosystem
obtained in lettucel@ctuca sativa..) and watermelon Il absorption system increased the effectiveness of
(Citrullus lanatug plants, which showed higher photosynthesis (Kellingt al, 2017).We conclude that
fluorescence values after application of the watemiddition of hydrogel in the soil reduces water availability
absorbent polymer (Melet al, 2010; Beiget al.,2014). decreasing the fluorescence heat dissipation of passion
The polymer used in these studies was the same as tiait.
used in our study of yellow passion fruit. “The difference The quantum yield was the yellow passion fruit was
in fluorescence values may be due to the fact that theggher in plants irrigated with a depth of 100%cET
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Figure 1: Initial (A), variable (B) and maximum (C) fluorescence with or without water-absorbent polymer in soil and quantum yield
(D) in yellow passion fruit plants irrigated with different water depths (n = 40).

Table 2:Summary of analysis of variance by mean square for chlorophyll initial (FO), maximum (Fm) and variable (Fv) fluorescence
and quantum @tiency. photosystem Il (Fv/Fm) in yellow passion fruit plants with or without hydroabsorbent polymer (Pol.)
irrigated with irrigation depths (Lam.)

=¥ P L PxL Cv
F p F p F P (%)
FO 9.846 0.0491 4.482 0.6100¢ 1.051 0.5000¢ 20.05
Fm 9.181 0.0010° 0.352 0.8403° 1.783 0.1714 14.37
Fv 6.754 0.0123 0.443 0.7714 1.632 0.2026° 15.41
Fv/IFm 0.872 0.3673° 3.272 0.0324 0.454 0.7671° 3.79

FV= Source of variation; F = F-test valyg= p-value; CV= Coefficient of variatiort= not significant; significant of 5% de probability;
“= significant of 1% de probability
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(FigurelD). This increase was 82.41% over that seen at Water use diciency (A/E) increased with water
60% ETc. Similar increases in quantum yield undeavailability with an estimated maximum value of 4.82 at
adequate water supply conditions and reduction in watan irrigation depth of 82% ET(Figure 2C).Water
deficit conditions have been reported for pluPmupus requirements vary with plant species, and passion fruit
domesticd..) plants in a greenhouse (Martinazgaal, plants use adaptive strategies to reduce water use and
2013). maximize biomass production by increasing carbon
The reduction in quantum yield of yellow passion fruiuptake and photosynthetic rate and reducing
plants in the 60% EcTtreatment indicates that water stresgranspiration (Boutraa, 2010). The increase in water
causes photoinhibition of PSII photochemical reactiodepth applied to the sweet potaipgdmoea batatas
centers, increasing non-photochemical “cooling”, whicliL.) Lam.) has increased the EUth 87.3% ET
inhibits the repair cycle of the plants (Long & Humphries(Mantovaniet al., 2013) Water use diciency in sweet
1994). Damaged reaction and unbalancing the value pépper plants was higher at 70% of crop requirement
the rate of excitation and electron transfer (Efeetkl, (Cardozcet al, 2016).
2009; Kalajiet al,, 2016). Howevetthe activity of the PSI The results indicate that passion fruit plants, even
(ferredoxin) electron end acceptors under stresgith water depth reduction below the standard crop
conditions with apparent increase in PSI efficiency neegquirement, adjusted to the conditions of low water
not be further studied, as the electron flow from the PSéivailability in the soil. This increase in water use efficiency
is directed to NADP, reducing its use to NADPthe occurred by increasin@d/E ratio; i.e., increased
formation of NADPH (Gomest al, 2012). The irrigation photosynthesis efficiency and decreased respiratory rate
depth of 60% ET causes PSII quantum yield inhibition in(Wanget al., 2012).
passion fruit. The average fruit mass and yield of yellow passion
The hydrogel x irrigation depth interactiorafle 3) fruit plants showed between polymer x irrigation depth
increased stomatal conductance, indicating that hydrogeteraction and the number of fruits responded to the
reduces the frequency of water application without damagsolated eflect of hydrogel and irrigation depthsafdle
to the plants, as observed Hucalyptus benthamii 3), with higher values of slides of 100%d=nd without
(Felippeet al, 2016). The irrigation depth increasedsoil without hydrogelAn adequate amount of water in
photosynthetic rate and water uséogdncy. The other the soil is necessary to maintain passion fruit
variables were similar between treatments. productivity; lack of water impairs the development of
The photosynthetic rate of higher at the irrigatiorsprouts and flowers, in direct relation with the production
depth of 82% ET (Figure 2A)being 9.5umol CO,m?s*.  of fruits and plant productivity (Car2013). Irrigation
In commercial culivars of yellow passion fruit management reduces water deficit effects and increases
photosynthesis was highémom 10.86 to 18.0dmol CO,  yellow passion fruit productivity (Freiret al, 2014,
m2 s?, with 100% ET irrigation in Sooretama, Espirito Fagundegt al., 2015).
Santo State, Brazil (Ganedal, 2013). The application of The number of fruits per plant increased with the
82% of the water requirement of the crop was sufficient @vailability of water (Figure 3A), from 37 to 46 fruits prant
meet the physiological processes without limiting thand 24.3% gains between the 60 and 100&aEEaRtments.
stomata influx of carbon dioxide and carbon assimilatioAdequate irrigation and water availability at 100%cET
(Amax) during photosynthetic processes (Zlatev & Lidorallow for a more homogeneous development of passion
2012). fruit, increasing the number of fruits harvested per plant
The stomatal conductance of yellow passion fruiand, consequentlyhe productivity of this plant (Godim
plants, grown on substrate without and with wateretal, 2009).
absorbent polymerespectivelyincreased in of 0.18 and  In our study the number of fruits wasl15% lower
0.15 mol n? st at irrigation levels of 81 and 82% &T with the hydroadsorbent treatment (Figure 3B), with a
respectively increased with peak with estimated blades @duction of approximately five fruits plantThe fruit
81 and 82% EQ; 0.18 and 0.15 mol #s?, and decreased yield was higherwith 74 fruits plant at an irrigation level
with those above the estimated maximums (Figure 2B)f 100% ET, as required by the crop (Ara@gbal., 2012).
These results are similar to those of yellow passion fruithe reduction in the number of fruits is due to the
cultivars grown in Sooretama, Espirito Santo State, Braziinavailability of water absorbed by the polymer to the
0.11 to 0.18 mol m st when irrigated at 100% water plants during flower bud formation and flower pollination,
requirement (Gamet al, 2013). The stomatal closure andthereby increasing the fruit loss in the field.
consequentlythe reduction in COflow towards the The average mass of fruit increased with irrigation
carboxylation sites is one of the factors responsible falepths due to higher water availabilég greater gains in
the reduction of photosynthetic activity soil plants without hydrogel (Figure 4A). The fruit mass
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was higher at 100% ET100% of the culture requirement) system (175.27 g, Remigio municipaliaraiba tte,
without the polymerat 317.52 g eacfihis value is higher Brazil), both reported by Fischetal (2007) and 139.5¢g
than the average mass of yellow passion fruit producédirrigated plants with a 13.1mm, respectively in Paulistania
in a conventional system (156.13 g, Paulistania municipalitjwunicipality, S&o Paulotate and Remigio municipality
Sao Paulo State, Brazil) and in an organic cultivatioRaraiba State, both in Brazil (Godatral 2009).

15
A
121
qE 9
g
T 6
!
<
31 §=-18.664+0.6881ETc -0.0042(ETc)
R’.‘j,‘d=0.74
0 : . . .
60 70 80 90 100
Irigation depths (%)
030 - 6
(=) Fuithost = 0.1484+0,008 1ETc-0.00005(ETc)? _ C
0.24 1 R giuted = 0.60 851
% é 41
L0
<
: 121 § = -9.2885 + 0.3443ETc -0.0021(ETc)?
(- - -)with = 0.1215+0.0066ETc-0.00004(E Tc)? S y=-9. i, =ocsis 0021ETey?
0.06 R untes = 0.63 SI- adjsted = V-
ow T T T 1 0 T T T 1
60 70 80 90 100 60 70 80 90 100
Irrigation depths (%) Irrigation dephts (%)

Figure 2: Photosynthetic rate (A), stomatal conductance (B) and water use efficiency (C) in yellow passion fruit plants irrigated
with different irrigation depths and in soil without and with (- - -) hydroabsorbent polymén = 40).

Table 3 Summary of analysis of variance, by square mean, of photosynthetic rate (A), internal carbon concentration (Ci), transpiration
(E), stomatal conductance (gs), water use efficiency (A/E) and instantaneous efficiency of carboxylation (A/Ci), number of fruits per
plant (NFP), average fruit mass (MMF) and yield (PROD) per yellow passion fruit plant with or without hydroabsorbent polymer
(Pol.) with different blades (Lam.) irrigation

= P L PxL Ccv
F p F p F P (%)
A 4.432 0.0530¢ 4.693 0.0011 0.276 0.8822¢ 16.98
Ci 0.024 0.8824¢ 0.486 0.7451¢ 0.534 0.71471s 12.32
E 0.224 0.6410° 1.976 0.1435¢ 0.252 0.9260° 13.67
gs 0.216 0.0121 2.093 0.0043 0.015 0.0313 8.26
AIE 7.773 0.1431¢ 5.542 0.0010 1.344 0.29771s 16.65
A/Ci 3.874 0.0613¢ 3.135 0.0634¢ 0.375 0.8263¢ 17.48
NFP 5.460 0.0271 3.928 0.0122 1.220 0.3257s 16.61
MMF 1.859 0.1839¢ 113.667 0.0000 42.517 0.0000 4.62
PROD 7.936 0.0090° 17.027 0.0000 5.597 0.0021 16.62

FV= Source of variation; F = F-test valyg= p-value; CV= Coefficient of variatiort*= not significant; significant of 5% de probability;
"= significant of 1% de probability

Rev CeresVicosa, v67, n.5, p. 365-373, sep/oct, 2026




Physiology and production of yellow passion fruit with hydroabsorbent polymer and different.371

The polymer reduced the water depth required for plaitt Alvorada do Guguéia, Piaui, Brazil (&concelost
production by increasing the retention of water that wouldl., 2013). The yield of the yellow passion fruit
otherwise be lost by evaporation, percolation, and latergénotype BRS Sol in the Cerrado in Nova Floresta
movement outside the root system. The fresh fruit massunicipality, Paraiba tate, Brazil, was 13.08 t hgear
of polymerfree plants was 4% higher at 82% &T * when irrigated with saline water and bovine biofertilizer
compared with fruit mass at 60% &The average mass (Aguiaret al., 2017).
of passion fruit increased with irrigation levels, ranging The lower number of fruits (Figure 3B), average fruit
from 160 to 300 g, depending on the irrigation depsfV mass (Figure 4A) and yield (Figure 4B) of yellow passion
concelost al, 2013). fruit grown with hydrogel are due to water adsorption by

The productivity of yellow passion fruit plants wasthe polymerthus impairing water availability to the plants.
11.5t ha higher with the water-absorbent polymer and\s a consequence, there is a reduction in the formation of
estimated 88% EKTand 17.2 t hawithout the hydrogel flower buds reduced, flowers, and fruit, as reported for
and at 100% EJ (Figure 4B). Increasing irrigation depthirrigated yellow passion fruit iAdamatina municipality
increased yellow passion fruit productivity to 30 ttha S&o Paulo State, Brazil (Cavichietial, 2006).
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Figure 3: Number of fruits per yellow passion fruit plant with different irrigation depths (A) with or without hydroabsorbent
polymer (B). (n = 40).
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Figure 4:Average fruit mass (A) and yield of yellow passion fruit (B) witlied@nt irrigation depths into soil without{ and with
(- - -) hydroabsorbent polymgin = 40).
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CONCLUSION Cavichioli JC, Ruggiero Cyolpe CA, Paulo EM, Fagundes &
) Kasai FS (2006) Florescimento e frutificagdo do maracujazei-
From the results, the hydrogel probably retained waterro-amarelo submetido a iluminagéo artificial, irrigacdo e
in its structure and caused water stress in the ye||owsombreamento. Revista Brasileira de Fruticultura, 28:92-96.
passion fruit, reducing the ability to dissipate excedsemmig-Adams B &Adams Il (2006) Photoprotection in an
enegy. Photosystem Il quantum yield, photosynthetic ecological context: the remarkable complexity of thermal
' . energy dissipation. New Phytologist, 172:11-21.
rate, stomatal conductance, and water use efficiency were

.. . L . feodlu B,Ekmekei Y & Cicek N (2009) Physiological responses
0
more efficient at an estimated irrigation depth of 81/% of three maize cultivars to drought stress and recov@oyth

ETc without the presence of hydroabsorbent polymer to african Journal of Botany75:34-42
the substrate. The adequate supply of water (100% ©fiprapa (2013) Sistema Brasileiro de Classificacio de Solos. Rio
ETc) in the substrate without the hydrogel is the most de Janeiro, Embrapa Solos. 353p.

indicated to increase the productive capacity of theagundes MCPCruz MCM, Carvalho RFOliveira J & Soares BC
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