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ABSTRACT: Climatic uncertainties have compromised water resources, which influences irri-
gated agriculture. Irrigation is an important alternative to mitigate the effects of water scarcity.
Partial root-zone drying (PRD) is a rational use of irrigation water. This study aimed to evaluate
PRD for irrigation management of banana crop, cv BRS Princesa, under semi-arid conditions in
Brazil. A field experiment was carried out with five treatments: one control (full irrigation) and
four with 50 % reduction of water irrigation depth (WID) and frequencies alternating the side to be
irrigated of the plant row of O, 7, 14 and 21 days. Stomatal conductance, growth, yield and soil
water status were evaluated. Results indicated that banana crop cv. BRS Princesa shows shoot
physiological regulation for 50 % reduction of soil water and vapor pressure deficit between 1.92
and 2.25 kPa. Decrease in yields of treatments with WID reduction compared to full irrigation
is due to the reduction of root uptake rate, which is related to vapor pressure deficit and soil
water availability. Partial root-zone drying saves 50 % of irrigation water and increases water use
efficiency of banana cv. BRS Princesa crop by 78 %.

Introduction

Uncertainties of rainfall and increased water con-
sumption have caused significant reduction of available
water resources for irrigated crops in Brazil. Thus, in-
vestments are necessary in more efficient irrigation sys-
tems and water-saving technologies, namely the rational
water use by reduction of evaporation and percolation
losses as well as irrigation deficit (Fereres and Soriano,
2007). In addition, cultivars that are more tolerant to wa-
ter deficit need to be researched on (Donato et al., 2015)
and techniques for conservation agriculture need to be
used, namely mulching, crop rotation and intercropping
(Davies et al., 2011).

The partial root-zone drying (PRD) is a feasible ir-
rigation strategy of water management that may save up
to 50 % water without significant yield loss. The strat-
egy is based on the reduction of transpiration by plants
due to physiological regulation when submitted to PRD
or watering (Davies et al., 2011; Dodd, 2009; Sadras,
2009; Kang and Zang, 2004; Kang et al., 2002). Plants
can sense and respond to changes in their immediate
environment, such as the soil drying process, and then
regulate growth and functioning to avoid excessive shoot
dehydration stress (Davies et al., 2005). Most studies
reported in literature regards the physiological aspects
of PRD; however, these aspects result from root-shoot
transport. Therefore, root uptake also has to be consid-
ered in PRD studies.

Information on the PRD technique for fruit crops
in Brazil is limited to mango (Santos et al., 2016; Santos
et al., 2015) and lemon (Sampaio et al., 2014). Banana
may require between 600 mm and 1500 mm of water
(Coelho et al., 2015; Robinson and Alberts, 1986) and is
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cultivated in all irrigated areas of northeastern Brazil,
particularly in the North of Minas Gerais State. The
region is susceptible to effects of climate change (Siva-
kumar et al., 2005), such as an increase in annual water
deficit. The use of PRD as an irrigation water manage-
ment strategy may be feasible for the crop and prevent
yield loss during drought.

This study evaluated the feasibility of PRD to es-
tablish application criteria of this irrigation water man-
agement strategy for banana cultivar BRS Princesa un-
der semi-arid conditions of northeastern Minas Gerais
State.

Materials and Methods

The experiment was carried out on-station in
the semi-arid region of northeastern Minas Gerais
(15°48'09" S, 43°18'32" W, altitude 537 m) with Aw cli-
mate to Képpen classification (Sa Junior et al., 2012). The
soil is a Typical Hapludox with physical-hydraulic attri-
butes (Table 1) with the Van Genuchten (1980) soil water
retention curve parameters: oo = 0.6826; n = 1.3345;
m = 0.2569, saturation water content = 0.3200 m® m™®
and residual water content = 0.2100 m® m=. The banana
crop cultivar was BRS Princesa (Ledo et al., 2008) was
planted at spacing 2.5 m x 2.0 m in Mar 2013 and stud-
ied until the end of second growth seasons in Feb 2015.
Irrigation consisted of a trickle system with two lateral
lines per plant row with three drippers of 4 L h! per
plant in each side. Each lateral line had a valve installed
at its beginning to control the side to be irrigated. The
banana crop was irrigated every two days based on the
Penman-Monteith reference evapotranspiration equa-
tion and on banana crop coefficients (Allen et al., 1998).

(CHY


https://orcid.org/0000-0001-7079-6858
https://orcid.org/0000-0003-0896-0359
https://orcid.org/0000-0002-7719-4662
https://orcid.org/0000-0002-2536-6143
https://orcid.org/0000-0002-9892-373X
https://orcid.org/0000-0003-0677-566X

Coelho et al.

There was no irrigation in Nov and Dec, 2013, Dec 2014,
and Jan 2015 due to rainfall (Figure 1).

The experiment followed a random block design,
with five treatments or irrigation strategies and five rep-
licates. Four treatments (irrigation strategies) consisted
of applying 50 % of the total calculated water irrigation
depth (WID) at intervals 0, 7, 14 and 21 days alternating
the irrigated side of the plant row. The time interval 0
(zero) day means no alternating of the irrigated sides,
that is, the plant row received 50 % WID only on one
side all time. One treatment consisted of WID irrigation
on both sides of the plant row. Treatments were abbre-
viated to T1 (7 day-50 % WID), T2 (14 day-50 % WID),
T3 (21 day-50 % WID), T4 (one side -50 % WID) and T5
(full irrigation).

The soil water content (SWC) was evaluated every
3 d by frequency-domain reflectometry through capaci-
tance probes at 0.30 m from the plant, 0.10 m from the
dripper and at soil depth 0.25 m on each side of the
plants in all plots. Data on SWC were used to obtain soil
water availability (SWA) (equation 1).
9t B 9wp
e Do 100 (1)
where: 0, is SWC at time t; 6, is SWC at field capacity
(-10 kPa) and 6 is SWC at wilting point (-1500 kPa);
unit 0 is cm® cm™. The SWC was also evaluated during
the second growth season at intervals of 1 h, during 45 d
in all treatments using an automatic station with a time-
domain reflectometry reflectometer connected to mul-
tiplexers and probes 0.10 m long. The probes were in-
stalled in a two-dimensional plane from the plant along

SWA =

Table 1 - Soil physical attributes at depth 0-0.4 m of the experimental
area: sand, silt, clay, soil bulk density, soil moisture at potentials
-10 and -1500 kPa.

Depth Sand  Silt Clay bulk density

Soil moisture (cm?3 cm3)
-10kPa  -1500 kPa

m g kg! kg dm-
0.0-0.2 483 234 283 1.71 0.2416 0.2116
0.2-04 444 263 293 1.65 0.2761 0.1877

12 3 456 7 8 91011121314 151617 18 19 20 21 22 23 24
Elapsed months
OPrecip. BETc m VPD
Figure 1 - Precipitation, evapotranspiration (ETc), water irrigation
depth (WID) and vapor pressure deficit (VPD) during two growth
seasons of banana cultivar BRS Princesa.
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the row at distances 0.25, 0.50, 0.75 and 1.00 m, and at
depths 0.20, 0.40, 0.60 and 0.80 m in each treatment.

Stomatal conductance was measured during the
first and second growth seasons with an infrared gas
analyzer (IRGA). At the end of the flowering period of
the first growth season, roots from plants of all irriga-
tion strategies were collected. Roots samples of 0.10 x
0.10 x 0.10 m (1,000 cm?®) were collected in a grid in the
soil profile at four distances from the plant pseudo stem:
0.25, 0.50, 0.75 and 1.0 m and at five depths: 0.05-0.15,
0.15-0.25, 0.35-0.45, 0.55-0.65 and 0.75-0.85 m. Roots
were washed to separate the soil, and were then digi-
talized and subjected to the Rootedge software in order
to determine root length (Kaspar and Ewing, 1997). Pro-
duction variables: hand weight, bunch weight, number
of hands and number of fruits per bunch were evaluated
during the harvest period in both growth seasons. Crop
water use efficiency (WUE) was considered as the ra-
tio between crop yield (kg) and crop evapotranspiration
(mm) (Fan et al., 2011; Farias et al., 2008).

The analysis of variance of crop growth and yield
data considered all five treatments (irrigation strategies)
and used Scott-Knott mean tests at 5 % probability. Data
on SWC were analyzed by the split-plot scheme. The fac-
tors investigated were irrigation strategy (plot) and plant
side status (irrigated and non-irrigated) (subplot).

Results and Discussion

Irrigation strategies (treatments) influenced the
variables of fruit yield: bunch weight, hand weight and
number of fruits per bunch and water use efficiency
(WUE) in both growth seasons. T5 (full irrigated) pro-
vided the highest bunch and hand yields (Table 2). All
irrigation strategies with WID reduction remained in the
same group with no significant difference in bunch yield
in the first growth season. T3 (21 day-50 % WID) showed
the smallest bunch and hand yield of all strategies in
the second growth season (Table 2). The mean number
of fruits per bunch did not differ among the treatments
in the second growth season and were larger than in
the first. The mean yields of bunches and hands of re-
duced WID treatments decreased between 12 and 16 %
compared with full irrigation in the first growth season.
The reduction was 30 % for T3 (21 day-50 % WID), and
7-11 % for the other reduced WID treatments in the sec-
ond growth season (Table 2). The greater yield reduction
for T3 (21 day-50 % WID) in the second growth season
was due to severe drought conditions with greater vapor
pressure deficit, scarce rainfall (Figure 1) and lower SWA
on the non-irrigated sides of plants (Table 3).

Irrigation strategies with WID reduction saved
784 mm of water in the first growth season and 1061
mm in the second with WUE increase of 74 % and 78 %,
respectively. Means of WUE did not differ statistically
between WID reduction strategies (Table 2). The WUE
mean values were smaller than the means obtained
for banana cv. Prata And when irrigated with 50 % re-
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Table 2 - Means of bunch and hand weights, number of fruits per bunch and water use efficiency (WUE) (kg mm-!) of banana cultivar BRS Pincesa
submitted to 50 % WID reduction for alternating frequencies of plant row side of: 0, 7, 14 and 21 days and full irrigation in the first and second

growth seasons (GS).

Yield of bunchs Yield of hands N, of fruits WUE
Treatment (Irrig. Strategy) that that! kg mm-!
GS1 GS 2 GS1 GS 2 GS1 GS 2 GS1 GS 2

T5-Full irrigation 34.69 a 41.86 a 31.49a 37.82a 101.9 a 161.7 a 24.23b 22.93b
T3-21days-50 %WID 30.51 b 32.08 ¢ 27.84b 35.06 b 99.9 a 151.2 a 42.84 a 4093 a
T4-0day-50 %WID 30.56 b 37.87b 27.74 b 34.87 b 94.6 b 150.2 a 42.68 a 40.64 a
T2-14days-50 %WID 30.02b 38.92b 27.45b 33.97b 92.0b 154.2 a 42.24 a 39.00 a
T1-7days-50 %WID 29.24 b 38.58 b 26.61 b 28.75 ¢ 93.9b 1434 a 40.95 a 42.77 a
CV (%) 9 10 6 11

Means followed by same letters in columns belong to the same group by Scott-Knott at 5 % probability.

Table 3 - Means of soil water availability at 0-0.20 m depth for
five irrigation strategies for ‘BRS Princesa’ in the first and second
growth seasons (GS).

Soil available water

Treatment %
(Irrigation strategy) Both sides  Non irrigated side Irrigated side
GS1 GS2 GS1 GS2 GS1 GS2
T5-Full irrigation 107a 148a 80a 145a 135a 15l1a
T4-One-side irrigation 77a 75a 0d 0d 154a 150a
T1-7 days-50 %WID 6lb 51b 43b 45b 79a bH58a
T2-14 days-50 %WID 44bh 48b 6¢ 12¢ 5la 83a
T3-21 days-50 %WID 39b 47b 7c 39b 71a bH4a

Means followed by same letters in columns belong to the same group by Scott-
Knott test at 5 % probability.

placement of crop evapotranspiration (Figueiredo et al.,
2005). The yield found but the authors in this condition
was almost half of the yield for full irrigation, differently
from the results of this work. The yields obtained under
WID reduction were reasonable if compared with the
results reported by Arantes et al. (2016) and Ledo et al.
(2008) under full irrigation in sub-humid and semi-arid
conditions.

Treatment T5 (full irrigation) presented higher soil
water availability (SWA) when compared to results for
WID reduction strategies on both sides of the plant row
(Table 3). Irrigation strategies with WID reduction re-
sulted in SWA between 39 and 77 % with soil water po-
tentials less or equal to -35 kPa on both sides of the plant
row. SWA on the irrigated side of the plant row ranged
between 51 and 83 % and on the non-irrigated side be-
tween 7 and 45 %, considering all irrigation strategies
with WID reduction. Means of SWA were near 100 % on
the irrigated side and 0 % on the non-irrigated side of T4
(one-side irrigation). The average moisture converted to
soil water potential (Van Genuchten, 1980) on both sides
of the plant row were close to the minimum potential
(-35 kPa ) for optimal crop production, as reported by
Ravi et al. (2013). Robinson and Bower (1987) observed
that the soil water stress affected banana yield when soil
potential reached -25 kPa, which corresponded to 83 %
of SWA in this work.

Sci. Agric. v.76, n.5, p.362-367, September/October 2019

Soil water content in T1 (7 day-50 % WID) required
6 d to reach 0 % SWA on the non-irrigated side of the
plant row. The reduction on root uptake rate in this
strategy remained positive during 6 d, as indicated by the
moisture curve slope (Figure 2A). Soil water content in
T2 (14 day-50 % WID) required 9 d to reach 0 % SWA
and remained below this condition during 5 d on the non-
irrigated side of the plant row (Figure 2B). The uptake
rate was positive during 11 d after irrigation and there
was no extraction (null rate) on this side during 3 d until
the alternating of irrigation side. Soil water content in
T3 (21 day-50 % WID) reached 0 % SWA after 11 d and
remained below this condition during 10 d on the non-
irrigated side of the plant row (Figure 2C). The uptake
rate was positive on this side during 11 d after irrigation
and no root uptake occurred until the alternating of
irrigation side. The moisture in T4 (one-side irrigation)
remained below the 0 % SWA without root uptake on the
non-irrigated side during all crop seasons (Figure 2D).

The frequency reduction of alternating sides
increased the period without root uptake at the layer
0-0.30 m on the non-irrigated side of the plant row. The
main reason for the decrease of root uptake with soil
moisture is the reduction of gradients of water potential
between soil and roots or high demand for transpiration
in the shoot (high vapor pressure deficit) and relative low
flow from roots due to low soil water potential (Jackson et
al., 2000). Only T1 (7 day-50 % WID) did not compromise
water uptake on both sides of the plant row. All other
strategies interrupted root uptake on the dry side during
at least 3 d.

The root uptake rate was higher for strategy T3
than T1, T2, and T5 on the irrigated side of plant row.
This indicates possible adaptation of active roots of the
irrigated side of plants to compensate the uptake loss
of the non-irrigated side. Root distribution may be an
explanation as it was more uniform at soil depth for
strategies T1 and T5 with 30 to 38 % of roots linearly
distributed between 0.20 m and 0.80 m depths (Figure 3).
Eighty-five percent of roots was found at 0-0.20 m depths
of T3 (21 day-50 % WID), indicating that SWA was not
enough to supply water to roots below this depth (Turner
et al., 2007).
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Figure 2 - Soil water content according to time for five irrigation strategies: (A) 7 days - 50 % WID strategy, (B) 14 days - 50 % WID strategy, (C)

21 days - 50 % WID strategy and (D) one-side irrigation and full irrigation.
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Figure 3 - Cumulative root length (%) of banana cultivar BRS
Princesa according to soil depth for five irrigation strategies (50
%WID 7 days, 50 %WID 14 days, 50 %WID 21 days, 50 %WID one-
side irrigation and Full irrigation).

Treatments with WID reduction did not influence
stomatal conductance (gs) (Table 4) under vapor pres-
sure deficit (VPD) from 1.25 to 1.58 kPa during the first
crop season (Figure 1). The smaller crop evapotranspira-
tion (Figure 1) is related to smaller potential gradient
between leaf and air because of lower VPD (below 1.58
kPa). These results show that stomatal conductance of
cultivar BRS Princesa is not sensitive to soil water stress
intensity, under mild climate conditions. Donato et al.
(2015) and Coelho et al. (2015) obtained similar results
and verified that cultivar BRS Princesa showed the low-
est yield increase rate with water irrigation depth when
compared to cultivars: Prata And, Grand Naine and Pla-
tina.
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Table 4 - Stomatal conductance, gs (mmol m=2 s7) for five
treatments (irrigation strategies) during different periods (days
after application - DAB) of the first and the second growth seasons
of banana cultivar BRS Princesa.

Growth Season 1
T1(7 days) T2(14 days) T3(21 days) T4(one-side)* T5 VPD

DAB 50 %WID 50 %WID 50 %WID 50 %WID Fullirrig. (kPa)
132 430 340 350 320 390 1.28
162 370 450 390 370 440 1.46
189 160 160 160 160 150 1.58
253 300 330 330 290 340 1.25
Growth Season 2
575 278 b 184 ¢ 56 e 149d 523a 1.92
576 312b 117 ¢ 36d 216 ¢ 477a 2.22
595 262 a 139b 129 b 91b 25la 2.25

Means followed by different low case letters in the same line differ by the
Scott-Knott test at 5 % probability. *“No changes on the irrigated side.

Strategies for soil water reduction affected stoma-
tal conductance when VPD ranged from 1.92 to 2.25 kPa
(Table 4), under a larger evapotranspiration (Figure 1).
Stomatal conductance reduced with the increase of soil
water deficit on the non-irrigated side of the plant row
under these VPD conditions. The difference between gs
for T5 (full irrigation) and for WID reduction treatments,
mainly T2, T3 and T4, is due to shoot physiological regu-
lation (Zegbe et al., 2006). This is because dry roots send
a chemical signal (abscisic acid-ABA) to shoot (Davies and
Zang, 1991; Kang and Zang, 2004) to regulate stomata ap-
erture thus preventing excessive shoot dehydration stress
(Davies et al., 2005). The largest gs of T1 (7 day - 50 %
WID) among the treatments with WID reduction is due
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to the larger levels of SWA on both sides of the plant
row, which are enough to keep water flowing from roots
to shoot and respond to potential gradient between them
under larger VPD conditions. The soil moisture on both
sides of the plant rows for the other treatments with
WID reduction, mainly T2 and T3, was not enough to
respond to potential gradients and led to more intense
root-shoot signaling and larger stomata closure under
larger VPD conditions. The plant stress was near severe
levels only for T3 (21 day-50 % WID), since gs were
close to 100 mmol m2 s7!, which is a severe stress level
for plants (Flexas et al., 2006).

Conclusions

The yield decrease in banana BRS Princesa by par-
tial root-zone drying strategies is due to the reduction
in root uptake rate, which is related to vapor pressure
deficit and soil water availability on both sides of the
plant rows.

The increase in the interval of alternating the ir-
rigated sides reduces time of simultaneous root water
uptake on both sides of the plant rows.

Cultivar BRS Princesa shows low physiological
regulation under 50 % reduction of soil water and under
vapor pressure deficit up to 1.67 kPa.

Partial root-zone drying strategies with reduction
of 50 % WID and alternating irrigated plant row sides
every 7 d allow an increase of 78 % in water use effi-
ciency and reduction of up to 8 % in yields.
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