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1 SUMMARY 

 

Soybean  is  the  main  crop  in  Brazil,  both  in  terms  of  area  and  volume  produced.  Weather conditions during the growing season have a considerable effect on yield, particularly related to rainfall throughout the development cycle. Water supply via supplemental irrigation requires knowledge of crop evapotranspiration (ETc) for rational water resource management, including knowledge of evaporation and transpiration. The objective of this study was to divide ETc into crop  transpiration  (Tc) and  soil  evaporation  (Es) by  phenological  stage  for  different  soybean cultivars under irrigated and rainfed conditions. The experiment was conducted in the field at the  teaching-experimental  area  of  the  Instituto  Federal  do  Rio  Grande  do  Sul  –  Ibirubá/RS 

during  the  2018/2019  harvest,  under  two  water  regimes  (rainfed  and  irrigated),  using  four soybean cultivars (Raio IPRO, Elite IPRO, Lança IPRO, Ícone IPRO). The SIMDualKc model was  used  to  simulate  the  water  balance,  partitioning  the  ET  c values into phenological stages and growing conditions.  A  greater  ET  c  (T  c  +  E  s)  was  observed  for  irrigated  soybean  cultivars  than  for  the  same cultivars under rainfed conditions. The partitioning of ET c in the different phenological stages allowed the observation of different behaviors of E s and T c among the cultivars, mainly during the  germination-emergence  and  flowering-grain  filling  stages,  with  the  SIMDualKc  model being effective in establishing the water regime of the soybean crop, as well as in representing the Es and Tc fractions. 
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PARTITION OF EVAPOTRANSPIRATION OF SOYBEAN CULTURE IN 

DIFFERENT CULTIVARS IN EACH PHENOLOGICAL STADIUM 

 

 

2 ABSTRACT 

 

Soy is the main crop in Brazil, both in area and in volume produced. Meteorological conditions during a cycle have a considerable effect on yield, which is related mainly to rainfall during the development  cycle. The  supply of water via  supplementary irrigation  requires  knowledge of crop  evapotranspiration  (ETc)  so  that  the  management  of  water  resources  is  rational,  with knowledge  about  evaporation  and  transpiration.  The  objective  of  the  present  work  was  to fractionate  the  ETc  in  transpiration  of  the  crop  (Tc)  and  evaporation  of  the  soil  (Es)  by phenological stage for different soybean cultivars under irrigated and rainfed conditions. The experiment was conducted in the field, in the didactic-experimental area of the Federal Institute of  Rio  Grande  do  Sul  -  Ibirubá/RS,  during  the  2018/2019  harvest,  under  two  water  regimes (rainfed and irrigated), using four soybean cultivars (Raio IPRO, Elite IPRO, Launches IPRO, IPRO Icon). The SIMDualKc model was used to simulate the water balance, partitioning the ETc values in the phenological stages and cultivation conditions. A greater ETc (Tc + Es) was observed for irrigated soybean cultivars than for the same cultivars under rainfed conditions. 

The  partitioning  of  ETc  during  the  different  phenological  stages  allowed  us  to  observe  the different behaviors of Es and Tc among the cultivars, mainly during the stages of germination–

emergence and flowering–filling of grains. The SIMDualKc model is effective in establishing the water regime of the crop. soybean, as well as the Es and Tc fractions. 



Keywords:  Glycine max, irrigation, soil evaporation, crop transpiration, phenological stages.  

 

 

3 INTRODUCTION 

yields  and  those  achieved  at  the  producer 

 

level (BOOTE et al., 2011). 

Soybean  productivity  is  highly 

Knowledge of the GMR should also 

dependent  on  environmental  factors,  and be  considered  when  planning  soybean 

water  deficit  is  the  main  factor  affecting cultivation,  as  it  allows  estimation  of  the yield,  as  crops  require  approximately  650 

number of days it will take for the cultivar to mm of water during their development cycle reach 

maturity, 

from 

sowing 

to 

to 

achieve 

the 

expected 

yields 

physiological  maturity.  The  time  (days)  is (SENTELHAS  et  al.,  2015).  Other  factors, determined 

by 

the 

photoperiod 

and 

such  as  soil  and  plant  management, 

temperature  conditions  (ZANON  et  al., appropriate  sowing  time  for  each  relative 2015), 

influencing 

the 

crop's 

water 

maturity  group  (RMG)  (BATTISTI  et  al., requirements  and,  consequently,  variations 2017),  and  irrigation  management,  are in  production response, both  in  rainfed and important  elements  to  consider  in  advance irrigated agriculture. 

for  crop  success.  Understanding  the 

Soybean  is  highly  responsive  to 

morphological  and  physiological  behavior water; however, for maximum crop yield, a of 

each 

RMG 

when 

faced 

with 

satisfactory  water  supply  throughout  the environmental  adversities,  such  as  high development cycle is needed. Montoya et al. 

temperatures and water stress, is essential to (2017)  noted  that  moderate  water  stress reduce  the  differences  between  potential during the vegetative phase may not result in a significant reduction in yield. On the other Irriga, Botucatu, v. 27, n. 3, p. 477-492, julho-setembro, 2022 
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hand, medium- to long-term deficits during with distinct GMRs at different phenological the reproductive period can lead to a severe stages 

under 

irrigated 

and 

rainfed 

reduction  in  yield  (LICHT;  WRIGHT; 

conditions. 

LENSSEN, 2013). 

 

However,  the  responses  of  different 

 

soybean 

GMRs 

to 

different 

water 

4 MATERIALS AND METHODS 

availability  in  the  subtropical  conditions  of southern Brazil still raise doubts due to the 4.1 Description of the site and experiment lack 

of 

knowledge 

of 

crop 



evapotranspiration  (ETc)  in  the  different The  experiment  was  conducted 

phases of the development cycle. 

during the 2018/2019 agricultural year in the Understanding water consumption at 

municipality of Ibirubá/RS, which is located various  phenological  stages  of  plant in  the  physiographic  region  of  the  middle development  allows  for  more  rational plateau  (28°37'39''S  and  53°05'23''W)  and irrigation  management  according  to  crop has  an  altitude  of  approximately  400  m requirements. 

In 

dryland 

agriculture, 

above  sea  level.  The  soil  in  the  region  is understanding  water  demand  allows  for classified  as  a  typical  Dystrophic  Red adjusting  sowing  times  on  the  basis  of  the Latosol belonging to the Cruz Alta mapping region's average water availability, enabling unit (STRECK et al., 2008). 

greater  use  of  rainfall  (FERNANDES; 

Soybean  was  sown  via  a  no-tillage 

TURCO, 2003). 

system  on  November  13,  2018,  via  wheat Linking  crop  evapotranspiration  to 

crop  residues.  A  two-factor  randomized each  of  the  phenological  stages  that block  design  was  used,  arranged  in  four soybeans 

go 

through 

during 

their 

blocks,  with  eight  replicates  and  64 

development  is  extremely  important  for experimental units, each measuring 9.45 m². 

irrigation planning, as it can identify periods The factors consisted of four cultivars under of  greatest  water  need.  Furthermore, two water conditions (irrigated and rainfed). 

planning  the  crop  cycle  according  to  these The  treatments  consisted  of  four 

periods of greatest water need during periods cultivars  from  different  relative  maturity with  more  suitable  climatic  conditions  is  a groups  (RMG):  RMG  5.0  (Raio  50I52RSF 

strategy  for  optimizing  water  resources  in IPRO),  RMG  5.5  (Elite  58I55RSF  IPRO), dryland agriculture. 

RMG  5.8  (Lança  58I60  RSF  IPRO),  and The  individual  components  of  ETc 

RMG  6.8  (Ícone  68I70  RSF  IPRO).  Each allow  for  improved  irrigation  management, cultivar  was  divided  into  two  fractions  to as  transpiration  (Tc)  is  usually  associated compose 

the 

irrigated 

and 

rainfed 

with productivity, whereas evaporation (Es) treatments. 

A 

conventional 

sprinkler 

is  undesirable  (KOOL  et  al.,  2014).  Direct irrigation system with Agropolo NY-25-type measurements of Tc and Es are difficult and sprinklers spaced every 12 m was used. The require adequate instrumentation; therefore, uniformity  coefficient  and  distribution they  are  estimated  through  the  soil  water coefficient  (CHRISTIANSEN,  1942)  were balance.  Es  is  separated  from  ETc  by  soil 90%  and  85%,  respectively.  The  system moisture  and  meteorological  conditions evaluation  indicated  an  application  rate  of because  of  its  dependence  on  energy  and 9.42 mm hour -1. 

moisture.  Therefore,  the  objectives  of  this The  irrigated  water  depth  was 

study  were  to  fractionate  ETc  into  crop applied  with  variable  irrigation  shifts  and transpiration (Tc) and soil evaporation (Es) at determined  via  the  Irriga®  System,  an different development stages and to identify irrigation 

management 

platform 

that 

the water requirements of soybean cultivars determines the timing and quantity of water Irriga, Botucatu, v. 27, n. 3, p. 477-492, julho-setembro, 2022 
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to be applied. The Irriga® system uses crop (RAW=TAW.p), 

were 

objects 

of 

agronomic  parameters,  soil  characteristics, calibration. 

local  weather  conditions,  and  irrigation c)  Meteorological  data:  minimum 

equipment  as  inputs,  combined  with 

and  maximum  daily  air  temperature  (°C), mathematical  models  for  determining  the wind  speed  at  2  m  height  (m/s),  solar soil water balance. 

radiation,  daily  relative  air  humidity  (%), precipitation 

(mm), 

and 

reference 

4.2 Simulation model 

evapotranspiration  (ET  o),  which  were obtained  via  the  Penman‒Monteith  method The  SIMDualKc  simulation  model 

(ALLEN et al., 1998). 

was used to simulate crop evapotranspiration d) Irrigation data: data relating to the for soybean. The SIMDualKc model adopts 

irrigated  surface  and  respective  irrigation the  dual-Kc  approximation  proposed  by dates. 

Allen  et  al.  (2005)  to  calculate  ETc  in  the e) Observation data on crop residues, 

field,  considering soil evaporation (Es) and which consist of the soil cover fraction and crop  transpiration  (Tc)  separately,  and  is cover  density,  as  well  as  the  percentage described in detail by Rosa et al. (2012). The reduction  in  soil  evaporation  in  relation  to necessary  input  parameters  are  determined the percentage of the soil surface covered by in  situ  or  adjusted  and  calibrated.  In  the plant residue. 

present work, the following data were used: a)  Soil  data:  physical  and  water 

4.3 Observations and evaluations 

characterization 

of 

the 

soil, 

with 



determination of texture, field capacity, and Phenological 

development 

permanent wilting point, in the root layer (0–

observations were carried out twice a week, 0.60 m), which allows the calculation of total according to the phenological scale of Fehr available soil water (TAW, mm) and easily and  Caviness  (1977).  The  fractions  of  soil available  soil  water  (RAW,  mm)  and  the cover, plant height, and leaf area index (LAI) values  for  total  evaporable  water  (TEW, were determined weekly until full flowering. 

mm),  easily  evaporable  water  (REW,  mm) The maximum depth of the root system was and  thickness  of  the  evaporation  soil  layer determined at full flowering, with the trench (Ze, m), as defined by Allen (2000). 

digging. 

Whenever 

possible, 

field 

b)  Crop  data:  sowing  date,  duration observations 

were 

related 

to 

the 

of  the  different  development  phases, development phases used by the model, with considered 

by 

SIMDualKc 

(sowing, 

the phenological  stages  of the crop  defined beginning  of  the  rapid  growth  period, as  follows:  initial  period  (sowing  to  V3); beginning  of  the  intermediate  stage, rapid  growth  (V3  to  V7);  intermediate beginning  of  senescence/maturation  and period  (R1  to  R6);  and  final  period  (R7  to harvest),  depth  of  the  root  system,  plant harvest).  The  fraction  of  cover  of  plant height, leaf  area index (LAI),  and  fractions residues  and  the  dates  of  occurrence  of  the of  soil  cover  by  vegetation,  which  were crop  development  stages  were  determined determined  in  the  field,  in  addition  to  the according to Martins et al. (2013). 

fractions  of  soil  wetted  by  rain  and A 

set 

of 

frequency 

domain 

irrigation. 

reflectometry (FDR) probes was installed to The 

parameters 

considered 

as 

determine the soil moisture. Readings were standards, such as the basal crop coefficient taken hourly, and 24 records were collected (K cb) for each stage and the fraction of water per day. Volumetric moisture determination depleted  in  the  soil  to  avoid  water  deficit was performed by 16 sensors in the 0–30 cm layer and 4 sensors in the 30–60 cm layer in Irriga, Botucatu, v. 27, n. 3, p. 477-492, julho-setembro, 2022 
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different  experimental  plots,  i.e.,  irrigated 2
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approximately 100 m from the experimental 



 

  i=

   i=



site.  ETo  was  determined  on  the  basis  of 

 1

1

   

climate  information  collected  at  the meteorological 

station 

via  the 

FAO 

The  error  residuals  were  estimated 

Penman‒Monteith method for quantification from  the  source  square  of  the  error  mean (ALLEN et al., 1998). 

error  (RMSE)  (Equation  3)  and  the  mean absolute  error  (AAE)  (Equation  4),  which 4.4 Calibration and validation 

express  the  variance  of  the  errors  and  the average  size  of  the  estimated  errors, In 

the 

SIMDualKc 

calibration 

according to the methodology described by procedures,  unobserved  parameters  were Martins  et  al.  (2013).  The  error  relative adjusted.  The  aim  was  to  minimize  the average  (ARE)  (Equation  5)  is  used  to difference  between  the  soil  water  content indicate  the  size  average  of  the  errors simulated with the model and that observed estimated  according  to  the  following by  field  sensors  (GIMÉNEZ;  PAREDES; 

equation: 

PEREIRA, 2017; ROSA et al., 2012). Model calibration 

and 

validation 

must 

use 

0.5

 n( P − O

 i

 i ) 

2

independent  datasets.  In  this  case,  for  each 





 i  1

 =



cultivar,  the  irrigated  system  was  used  for RMSE =

(3) 



 n



calibration, and the model was validated for 









rainfed conditions. 



The calibration and validation of the 



model  were  evaluated  with  the  indicators n

1

 AAE =

  O −  P

(4) 

used  by  Rosa  et  al.  (2012),  Martins  et  al. 

 i

 i

 n i=1



(2013)  and  Paredes  et  al.  (2014):  linear regression  coefficient  (b0),  coefficient  of n

100

 O −  P

determination  (R²),  root  mean  square  error ARE =

  i i

(5) 

(RMSE), mean absolute error (AAE), mean 

 n i=1

 Oi



relative 

error 

(ARE) 

and 

modeling 



efficiency (EF). 

Furthermore,  another  indicator  was 

The linear regression coefficient (b0) 

used  to  assess  modeling  quality:  model and  the  coefficient  of  determination  (R²) efficiency  (FE).  This  measure  determines were 

determined 

via 

the 

following 

the  relative  magnitude  of  the  residual equations: 

variance compared with the variance of the n



measured  data,  defined  as  the  ratio  of  the O −  P

 i

 i

mean  squared  error  to  the  variance  of  the i  1

 b

=

=

                                             (1) 0

 n

observed data. When the FE value is close to 2

 Oi

zero or negative, the average of the observed i  1

=

 

values  is  as  good  as  or  better  than  those simulated  by  the  model,  according  to equation (6): 
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 n(

water available in the root layer. The mean O −  P  2

 i

 i )

absolute error (AAE) was 7.96 mm, and the i=

 EF =

0

. 

1

− 1

(6) 

mean relative error (ARE) was 12.93%, with 

 n(

2

 O −  O

a modeling efficiency (EF) of 0.70. 

 i

)

 i=1



The  range  of  values  found  for  the 



statistical parameters is considered adequate since  other  studies  that  used  SIMDualKc 5 RESULTS AND DISCUSSION 

reported  statistical  values  similar  to  those reported  in  this  study  (ÁVILA,  2016; In  the  2018/2019  agricultural  year, 

MARTINS  et  al.,  2013;  PETRY  et  al., adequate rainfall was distributed in the state 2020). Properly calibrated water simulation of  Rio  Grande  do  Sul,  reducing  the  risk  of models are valuable tools that can be used to water deficit. The actual rainfall during the calculate  crop  irrigation  needs,  support crop  development  cycle  was  640  mm 

irrigation management practices, and assess (Figure 1), with a total precipitation of 852.9 

the  impacts  of  water  stress  on  crop  yield mm. This precipitation volume exceeded the (MARTINS et al., 2013). 

climatological  normal  for  the  period The good results achieved in terms of 

(SILVA, 2013; INMET, 2022). High rainfall model fit and evapotranspiration estimation reduces the need for supplemental irrigation. 

ensure  that  the  partitioning  of  crops Four irrigations were carried out, totaling 44 

evapotranspiration  using  the  dual  crop 

mm of net irrigated water depth (Figure 1). 

coefficient  approach  in  SIMDualKc  is 

The  calibration  and  validation  of 

appropriate  (WEI  et  al.,  2015).  After SIMDualKc  demonstrate,  through  the 

calibration  and  validation,  the  SIMDualKc evaluated  statistical  parameters  (linear model  allows  for  the  analysis  of  soil regression  coefficient  (b0),  coefficient  of evaporation (Es, mm) and plant transpiration determination  (R²),  root  mean  square  error (Tc,  mm)  with  greater  precision.  This (RMSE), mean absolute error (AAE), mean 

method  allows  for  the  verification  of  the relative 

error 

(ARE), 

and 

modeling 

impacts  of  variations  in  soil  water efficiency  (EF)),  that  the  simulation availability, addressing the daily variability performed by the model well represented the in  the  volume  of  water  available  to  plants observations  made  at  the  field  level.  The according  to  evapotranspiration  (PAÇO  et average  b0  value  was  0.93,  with  an  R² 

al., 2012; ZHAO et al., 2012). The results for ranging from 0.90--0.94, for all the cultivars, the  respective  daily  evaporation  and demonstrating the good performance of the transpiration values  for the  cultivars  with  a model  in  simulating  the  soil  water  content GMR  of  5.0,  irrigated  and  rainfed  are (MARTINS et al., 2013; ÁVILA, 2016). The presented in Figures 1A and 1B. 

average  RMSE  was  8.92  mm,  which 

represents  approximately  10%  of  the  total 
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Figure  1. Daily  variation  in  crop  evapotranspiration  (mm),  soil  evaporation  (mm),  crop transpiration (mm), effective precipitation (mm) and irrigation (mm) for the cultivars with GMR 5.0, (Raio 50I52RSF IPRO) irrigated (A), and without irrigation (B). 







Es  was  greater  than  Tc  during  the 

period.  This  higher  Es  is  due  to  the  high initial  crop  phase,  which  comprises  the water content in the evaporative layer of the period from sowing to V3 or the second fully soil, the frequency of precipitation, and the expanded  trifoliate  leaf  (November  13  to reduced fraction of soil  shaded by the  crop December  10),  representing  85%  of  the canopy  and  reduced  straw  on  the  soil evapotranspiration  that  occurs  during  this surface.  Plant  residues,  as  well  as  crop Irriga, Botucatu, v. 27, n. 3, p. 477-492, julho-setembro, 2022 
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overgrowth,  reduce  the  solar  energy 

canopy,  with  a  coverage  fraction  of  100%. 

available for evaporation at the soil surface Thus,  Es  during  this  period  was  practically (ALLEN  et 

al., 

2005).  Soil  water 

zero,  with  transpiration  being  the  fraction evaporation is influenced by several factors responsible for evapotranspiration. 

that  influence  soil  surface  conditions,  no-These  behaviors  of  Es  and  Tc 

tillage  practices,  cover  cropping,  especially throughout  crop  development  are  in 

crop residues, soil shading by crops, planting agreement with works by Silva et al. (2022) density  and  crop  height,  soil  surface in  Brazil,  Giménez;  Paredes  and  Pereira moisture,  and  wetting  frequency  (ALLEN; (2017) in Uruguay and Paredes et al. (2014) PEREIRA, 2009). 

in China, where Es also obtained practically After the initial crop phase, there is a null  data  for  the  time  interval  between  the progressive reduction in Es and an increase phenological stages of R1 to R6. 

in Tc due to crop growth and development, The  average  percentage  of  soil 

with  increases  in  leaf  area  and  canopy evaporation  in  crop  evapotranspiration height.  After  complete  canopy  coverage  of (Es/ETc)  was  31.5%  across  all  the 

the  soil  surface,  Es  remains  very  low.  The treatments  (Table  1).  Considering  the effects of soil wetting events on Es are also irrigated  treatments,  the  ratio  was  32.6% 

visible,  mainly  during  the  initial  and  final greater  than  that  of  the  nonirrigated periods 

of 

crop 

development, 

with 

conditions,  which  had  a  ratio  of  30.4%, evaporation  peaks  after  rainfall  (November which  is  representative  of  the  total  volume 13,  November  17,  November  22,  and 

of water evaporated in this situation during November  23)  and  irrigation  (December  3, the  crop  development  cycle.  Soil  water December 17, and December 12). 

evaporation  was  high  because  of  the  high During 

the 

intermediate 

rainfall  during  the  crop  cycle,  with  straw development period, between the beginning contributing to maintaining soil moisture. Es of flowering (R1) and complete granulation was  greater  for  the  irrigated  condition (R6),  the  fraction  of  moist  soil  exposed  to because  of  the  greater  frequency  of  soil solar  radiation  was  reduced  because  of  the wetting, keeping the soil moist longer. 

coverage  of  the  soil  surface  by  the  plant Irriga, Botucatu, v. 27, n. 3, p. 477-492, julho-setembro, 2022 
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Table  1. Soil  water  evaporation  (Es,  mm)  and  crop  transpiration  (Tc,  mm)  for  each  crop development stage. 

 

Initial 

Rapid 

Intermediate 

Final 

Total cycle 

 

Period * 

Growth 

Period 

Period 

 

It is 

Tc 

It is 

Tc 

It is 

Tc 

It is 

Tc 

It is 

Tc 



Irrigated 

GMR5.0  98.33  22.84  43.39  100.46 

9.93  186.23  35.84  112.99  187.48  422.52 

GMR5.5  102.13  16.29  50.53  83.62 

15.63  183.40  41.24  145.73  209.59  429.04 

GMR5.8  102.16  16:31  49.34  87.47 

13.05  183.41  42.13  160.15  206.69  447.34 

GMR6.8  125.61  20.50  47.91 

67.8 

14.09  191.52  37.62  134.80  225.24  414.62 



Dryland 

GMR5.0  83.45  22.84  35.86  93.18 

9.67  177.04  37.05  106.29  166.05  399.35 

GMR5.5  85.76  16.32  40.09  87.47 

12.56  174.62  42.04  159.78  180.44  438.19 

GMR5.8  85.73  16:30  41.24  83.62 

15.05  175.22  41.15  145.41  183.17  420.55 

GMR6.8  98.18  20.49  47.91  67.80 

13.60  182.30  37.54  134.30  197.24  405.29 

*Initial period = (sowing to V3); rapid growth = (V3 to V7); intermediate period = (R1 to R6); and final period = 

(R7 to harvest). Fehr and Caviness (1977) phenological scale. GMR 5.0 = Cultivate Radius 50I52RSF IPRO; GMR 

5.5 = Cultivar Elite 58I55RSF IPRO; GMR 5.8 = Cultivar Spear 58I60 RSF IPRO; GMR 6.8 = Grow Icon 68I70 

RSF IPRO. 



The  values  of  the  ratio  (Es/ETc) 

mm  to  618.635  mm  under  irrigated  and found  in  the  present  study  are  similar  to rainfed  conditions.  Finally,  for  the  cultivar those  reported  by  Petry  et  al.  (2020),  who with a GMR of 6.0, values between 639 mm reported Es/ETc values of 22 to 35% in the (irrigated) and 604 mm (rainfed) were found. 

central depression region of Rio Grande do For a GMR 6.0 cultivar grown in São 

Sul.  However,  Ávila  (2016),  for  the  same Paulo,  Silva  et  al.  (2022)  reported  an  ETc region,  presented  an  Es/ETc  ratio  of  23%. 

ranging from 629 to 983 mm. Alfonso et al. 

Barbieri  et  al.  (2020)  reported  that  Es/ETc (2020), for a GMR 3.8 cultivar, reported an varies  from  33  to  39%,  depending  on  the ETc  ranging  from  445  to  467  mm  for  the amount  of  crop  residue  on  the  soil  surface. 

Argentine  Pampa  region.  Anapalli  et  al. 

Wei  et  al.  (2015)  reported  Es/ETc  values (2022),  for  a  GMR  4.0  cultivar  in 

ranging from 28--26% for northern China. 

Mississippi,  reported  an  ETc  ranging  from Distinct  ETc  values  were  observed 

539  to  562  mm.  Matzenauer,  Barni,  and depending  on  the  crop  development  cycle Maluf  (1999)  reported  that  the  average and its GMR. The accumulated ETc was 610 

values of total evapotranspiration in the crop mm and 565 mm for the cultivar with a GMR 

cycle vary from 664 mm in December for the of 5.0 under irrigated and rainfed conditions, middle plateau of Rio Grande do Sul Cruz to respectively (Table 1). For the cultivar with 930  mm  in  October.  Ávila  (2016)  reported a  GMR  of  6.8,  values  of  640  mm  and  603 

values ranging from 244.2 mm to 351.4 mm mm were observed for irrigated and rainfed for  the  central  depression  region  of  Rio conditions,  respectively.  However,  the Grande do Sul. 

cultivar with a GMR of 5.8 presented ETc, The  accurate  partitioning  of  ETc 

Es, and Tc values very similar to those of the allowed 

for 

improved 

irrigation 

cultivar  with  a  GMR  of  6.8.  The  results management  and  management  practices,  as indicate  that  the  water  requirements  of  a it  determined  the  moments  in  which  Es cultivar  depend  mainly  on  the  duration  of should  be  taken  into  consideration  as  the each development subperiod and not only on main  factor  of  ETc  and  the  moments  in the total duration of the development cycle. 

which  Tc  becomes  the  main  factor,  thus For GMR5.5, the values ranged from 654.02 

making  it  possible  to  establish  agronomic Irriga, Botucatu, v. 27, n. 3, p. 477-492, julho-setembro, 2022 
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strategies  that  aim  at  better  use  of  water with   eddy  covariance.  In  the  central stored in the soil. 

depression  of  Rio  Grande  do  Sul,  Ávila The average daily evapotranspiration 

(2016) 

reported 

an 

average 

daily 

throughout  the  crop  development  cycle evapotranspiration  of  2.85  mm  day  -1  for  the (Table 2) under irrigated conditions was 4.69 

same 

crop. 

However, 

the 

average 

mm day -1 (GMR 5.0), 4.15 mm day -1 (GMR 

evapotranspiration  at  each  development 5.5),  4.24  mm  day  -1  (GMR  5.8)  and  4.14 

stage varies. 

mm  day  -1  (GMR  6.8).  Under  rainfed The  R2  stage  (full  flowering)  is  the conditions, average daily evapotranspiration moment  in  which  the  crop  presented  the values  of  4.34  mm  day  -1 (GMR  5.0),  3.94 

greatest  demand,  with  an  average  demand mm day -1 (GMR 5.5), 3.95 mm day -1 (GMR 

among the treatments of 6.84 mm day -1 and 5.8)  and  3.95  mm  day  -1  (GMR  6.8)  were a maximum value of 7.47 mm day -1. The R3 

observed. 

(beginning  of  legume  formation)  and  R1 

The average daily evapotranspiration 

(beginning  of  flowering)  stages  presented found for soybean is in agreement with that demands of 6.30 mm day -1 and 5.95 mm day reported  by  Moreira  et  al.  (2013)  for  the 

-1, respectively (Table 2). This behavior was middle  plateau  of  Rio  Grande  do  Sul,  who observed  in  all  the  cultivars,  regardless  of reported an average ETc of 3.20 mm day -1 

their GMR. 

in  the  no-tillage  system  via  measurements Table 2. The variation in ETc (mm day -1) during the different phenological stages, considering their  duration,  irrigated  (irr.)  and  rainfed  (seq.)  conditions  for  cultivars  with different relative maturity groups (RGMs). 

  

GMR 5.0 

GMR 5.5 

GMR 5.8 

GMR 6.8 

  

Irr. 

Seq. 

Irr. 

Seq. 

Irr. 

Seq. 

Irr. 

Seq. 

Seeding-VC 

3.22 

3.15 

2.79 

2.79 

2.79 

2.79 

2.80 

3.03 

V1-V3 

3.22 

1.28 

3.71 

3.71 

3.72 

3.72 

3.61 

1.02 

V4-V6 

5.31 

4.43 

5.45 

5.45 

5.52 

5.52 

5.37 

4.85 

V7 

6.10 

6.06 

5.15 

5.15 

5.3 

5.3 

4.87 

4.87 

R1 

5.99 

5.56 

5.50 

5.50 

6.29 

6.29 

6.85 

5.61 

R2 

6.94 

6.39 

7.19 

7.19 

6.03 

6.03 

7.47 

7.47 

R3 

6.71 

6.63 

5.78 

5.78 

7.47 

7.47 

5.80 

4.73 

R4 

5.09 

4.65 

5.04 

5.04 

5.80 

5.80 

4.94 

4.75 

R5 

4.77 

4.56 

5.01 

5.01 

4.88 

4.88 

4.33 

4.32 

R6 

4.08 

3.90 

3.55 

3.55 

3.70 

3.7 

4.13 

4.12 

R7 

3.75 

3.70 

2.86 

2.86 

3.03 

3.03 

2.86 

2.86 

R8 

2.75 

2.72 

2.24 

2.24 

2.43 

2.43 

2.12 

2.12 

Average 

4.69 

4.34 

4.14 

4.14 

4.24 

4.24 

4.15 

3.91 

Fehr  and  Caviness  (1977)  phenological  scale.  GMR  5.0=(Cultivar  Raio  50I52RSF  IPRO);  GMR  5.5=(Cultivar Elite 58I55RSF IPRO); GMR 5.8=(Cultivar Lança 58I60 RSF IPRO); GMR 6.8=(Cultivar Ícone 68I70 RSF IPRO) According  to  Tagliapietra  et  al. 

Souza  et  al.  (2016)  reported  average  ETc (2022),  the  highest  water  demand  for values between 4.1 and 4.5 mm day -1 in the soybean  crops  occurs  between  R1  and  R5 

state  of  Pará,  with  maximum  peaks  in  the (beginning  of  flowering  and  grain  filling), grain-filling  phase  (R3--R5).  From  the  full with an evapotranspiration of 6.9 mm day -1. 

grain-filling phase (R6) onward, there was a Irriga, Botucatu, v. 27, n. 3, p. 477-492, julho-setembro, 2022 
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rapid decline in evapotranspiration, reaching Regardless  of  the  relative  maturity 

values below 1 mm day -1, close to harvest. 

group  of  the  cultivar  and  the  water Báez  et  al.  (2020)  reported  that  water availability  condition,  the  R2  stage  (full requirements  increase  with  soybean  crop flowering) was the phenological moment in development, 

reaching 

maximum 

which  the  crop  indicated  the  greatest requirements  in  the  flowering  and  grain-demand, with an ETc of 6.84 mm day -1. The filling phases, with values between 6 and 7 

phenological  stages  R3  (beginning  of mm day -1. 

legume  formation)  and  R1  (beginning  of Under irrigated or rainfed conditions, 

flowering)  resulted  in  ETc  values  of  6.30 

ETc  presented  high  values  in  the  stages mm day -1 and 5.95 mm day -1, respectively. 

between  the  beginning  of  flowering  and 

 

grain filling (R1--R5). However, ETc stands 

 

out  in  the  interval  between  sowing  and  the 7 ACKNOWLEDGMENTS 
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