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1 RESUMO 

 

Para que uma cultura alcance a sua capacidade máxima produtiva é necessária disponibilidade hídrica na zona radicular. Assim, o déficit hídrico é um dos fatores que mais limita o potencial desenvolvimento de uma lavoura. Nesse contexto, objetivou-se com esse estudo determinar a melhor época de cultivo da soja na região de Uberlândia-MG, levando em consideração uma série  histórica  de  40  anos  (1980  a  2020)  dados  climáticos,  através  da  análise  dos  déficits hídricos via balanço hídrico sequencial diário. Para os 40 anos agrícolas estudados calculou-se os balanços hídricos sequenciais diários, levando em consideração quatro diferentes datas de cultivo: 01 de novembro, 15 de novembro, 01 de dezembro e 15 de dezembro. Para cada data de  cultivo  analisaram-se  os  déficits  hídricos  ao  longo  de  todo  o  ciclo  da  cultura,  e  em subperíodos  fenológicos  (S-V1/V2;  V2-R1;  R1-R5/R7;  R7-R8).  Para  todas  as  datas  de semeadura observaram-se deficiência hídrica em quase todos os subperíodos fenológicos da soja. Para a região de Uberlândia-MG as datas de plantio entre os dias 15 de novembro a 01 de dezembro apresentaram os menores déficits hídricos nas duas fases/subperíodos iniciais. 
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2 ABSTRACT 

 

For  a  crop  to  reach  its  maximum  productive  capacity,  water  availability  in  the  root  zone  is necessary. Thus, water deficit is a factor that most limits the potential development of a crop. In this context, this study aimed to determine the best time for soybean cultivation in the region of Uberlândia-MG,  considering  a historical  series of 40 years (1980 to  2020) climatic data, Recebido em 07/06/2020 e aprovado para publicação em 20/10/2021 
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through the analysis of water deficits via water balance daily sequential. For the 40 agricultural years studied, the daily sequential water balances were calculated, considering four different cropping dates: November 1st, November 15th, December 1st, and December 15th. For each cultivation date, water deficits were analyzed throughout the crop cycle, and in phenological sub-periods  (S-V1/V2;  V2-R1;  R1-R5/R7;  R7-R8). For  all  sowing  dates,  water  deficit  was observed in almost all soybean phenological sub-periods. For the region of Uberlândia-MG, the planting dates between November 15th and December 1st showed the lowest water deficits in the two initial phases/sub-periods. 



Keywords: water balance, evapotranspiration, water demand.  

 

 

3 INTRODUCTION 

values  decrease  until  final  maturation. 

 

Therefore, for nonirrigated crops, successful 

Brazil  is  one  of  the  most  important 

productivity  depends  on  well-distributed 

soybean-producing  countries  worldwide, 

rainfall  throughout  the  production  cycle, 

along with the United States and Argentina 

especially during critical periods of greatest 

(SENTELHAS  et  al.,  2015).  With  a 

evapotranspirometric  demand  (PARDO  et 

production  of  approximately  117  million 

al., 2015). 

tons  in  the  2017/18  agricultural  year 

Water  deficit  is  characterized  by  a 

(CONAB,  2019)  and  with  an  estimated 

potential  evapotranspirometric  demand 

increase  of  9  million  tons  for  the  2019/20 

greater  than  soil  water  availability. 

harvest, Brazil surpassed the United States to 

Depending on the level of this stress and the 

become the world's largest soybean producer 

plant's  physiological  stage,  different 

(USDA,  2020).  Among  these  regions,  the 

processes can be affected (TAVARES et al., 

Cerrado 

region 

is 

responsible 

for 

2013), leading to an irreversible reduction in 

approximately  65%  of  total  production 

productivity. In soybean, the most sensitive 

(CONAB, 2019). 

periods  in  relation  to  water  availability  are Climate  is  one  of  the  most  limiting 

germination/emergence and flowering/grain 

factors  for  crop  development,  directly 

filling (NEUMAIER et al., 2020). 

influencing  productivity.  Water  deficit,  for During  the  germination/emergence 

example,  is  considered  one  of  the  most 

period,  both  lack  and  excess  water  affect 

limiting  factors  for  soybean  quality  and 

soybean establishment and plant population 

productivity  (GALÃO  et  al.,  2014). 

uniformity. During the reproductive period, 

Therefore,  understanding  a  crop's  water 

a  lack  of  water  can  cause  stomatal  closure needs  and  replenishing  evapotranspired 

and leaf curling, resulting in premature leaf, 

water  throughout  its  cycle  are  essential  for flower, and pod drop (EMBRAPA, 2013). 

successful crop production. With respect to 

Sowing time is also a factor of utmost 

water  needs,  soybean  crops  require 

importance, as it affects yield, architecture, 

approximately  450  to  800  mm  of  water, 

and plant behavior and is directly related to 

which  is  evenly  distributed  throughout  the 

photoperiod, 

temperature 

and 

water 

cycle (CARVALHO et al., 2013). 

availability  (FRIGERI  et  al.,  2019).  In  this With 

respect 

to 

vegetative 

sense,  studies  have  been  carried  out  to 

development,  water  requirements  tend  to 

determine  the  best  planting  times  for 

increase,  reaching  the  maximum  amount 

soybean  crops,  such  as  Silva  et  al.  (2018) during  the  flowering  and  grain-filling 

and Carmo et al. (2018). 

periods,  requiring  up  to  7.4  mm  day  -1 

Arantes et al. (2010), when studying 

(GAVA  et  al.,  2015).  After  this  peak,  the soybean cultivation in the central region of 
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Brazil,  with  an  emphasis  on  the  Triângulo 

Meteorology  (INMET),  with  geographic 

Mineiro region, reported that the ideal period 

coordinates  of  18°  55'S,  48°  15'W  and  an 

ranges from the second week of October to 

average altitude of 869 m. The climate of the 

the  second  week  of  December.  More 

Uberlândia region, according to the Köppen 

specifically, for the Uberlândia-MG region, 

classification,  is  type  Aw  (tropical  climate Amorim  et  al.  (2011),  who  studied  seven 

with  higher  rainfall  in  summer  than  in 

soybean  cultivars  in  the  field  during  the 

winter). 

2001/02  harvest,  determined  that  the  best 

The  daily  meteorological  variables 

growing season was between November 15 

used were precipitation; maximum, average 

and December 14. However, this study does 

and  minimum  air  temperatures;  average 

not  consider  rainfall  variability  over  time, relative humidity; and wind speed and global 

which  can  influence  the  best  growing 

radiation. 

season. 

The  sequential  daily  climatological 

In this context, the objective of this 

water balance and water deficit of soybeans 

study  was  to  determine  the  best  time  for 

under  the  soil  and  climate  conditions  of 

planting  soybeans  in  the  Uberlândia-MG 

Uberlândia,  Minas  Gerais,  were  performed 

region, taking into account a historical series 

via  the  methodology  of  Thornthwaite  and 

of  40  years  of  climate  data,  through  the 

Mather  (1955).  For  the  purposes  of  water 

analysis of water deficits via daily sequential 

balance, a soybean variety with an average 

water balance. 

cycle  of  120  days  was  considered.  The 

 

calculations  and  graphs  were  developed  in 

 

Microsoft Excel® spreadsheets. 

4 MATERIALS AND METHODS 

Crop 

evapotranspiration 

was 



calculated  by  multiplying  the  reference 

The work was developed on the basis 

evapotranspiration (mm day-1) by the crop 

of a series of meteorological  data from  the 

coefficient  (Kc)  for  each  phenological 

municipality  of  Uberlândia,  Minas  Gerais. 

phase.  From  the  daily  meteorological  data, 

The  database  consisted  of  a  40-year 

the  reference  potential  evapotranspiration, 

historical  series  (from  January  1980--May 

ETo,  was  calculated  via  the  Penman–

2020)  obtained  from  a  meteorological 

Monteith  equation  (Equation  (1))  (ALLEN 

station belonging to the National Institute of 

et al., 1998):



900

0,408 ∆ (𝑅𝑛 − 𝐺) + 𝑦

𝑣2 (𝑒𝑠 − 𝑒𝑎)

𝐸𝑇𝑜 =  

𝑇𝑚𝑒𝑑 + 273

(1) 

∆ +  𝛾 (1 + 0,34 𝑣2)



where: 

∆ - slope of the vapor pressure curve, kPa C 



-1; 

ETo - reference evapotranspiration, mm day 

γ - psychrometric coefficient, kPa C -1. 

-1; 



Rn - total net radiation of the lawn, MJ m -2 

Soybean  water  deficiency  was 

day; 

simulated for four different sowing dates in 

G - soil heat flux density, MJ m -2 day -1; 

the municipality of Uberlândia-MG, namely, 

Tmed - average daily air temperature, °C; 

November  1,  November  15,  December  1, 

v 2 - average daily wind speed at 2 m height, 

and December 15. These dates were selected 

ms -1; 

because  they  represent  the  period  when 

es - vapor saturation pressure, kPa; 

soybean  is  usually  sown  in  the  region 

ea - partial vapor pressure, kPa; 

(AMORIM  et  al.,  2011).  To  represent  the 
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variation  in  the  phenological  phases  of  the effective  depth  of  the  soybean  root  system crop,  four  subperiods  were  generated, 

(Table 1). 

considering  the  variation  in  Kc  and  the 



Table 1. Representation of the duration of the phenological stages of a soybean cultivar with a 120-day cycle with their respective cultivation coefficients (Kc) and effective depths of the root system. 

Duration 

Subperiod 

Crop coefficient (Kc) 

Depth (cm) 

(days) 

S-V1/V2 

15 

0.56 

15 

V2-R1 

35 

1.21 

30 

R1-R5/R7 

40 

1.50 

40 

R7-R8 

30 

0.9 

40 

Source: Adapted from FARIAS et al. (2001) and FIETZ and URCHEI (2002). S - sowing; V2 - second node; R1 

- beginning of flowering; R5 - beginning of grain filling; R7 - beginning of physiological maturation; and R8 - full maturation. 



The  values  of  the  cultivation 

Water deficit data were subjected to 

coefficients  (Kc)  used  were  recommended 

analysis  of  variance  (ANOVA)  via  a 

by Farias et al. (2001), whose periods were 

randomized  block  design,  with  treatments 

adapted to the phenological stages proposed 

consisting 

of 

sowing 

periods 

and 

by  Costa  (1996).  The  effective  depth  for 

replicates/blocks  across  the  40  agricultural each stage throughout its development  was 

years studied. The means were compared via 

determined  by  Fietz  and  Urchei  (2002) 

Tukey's test at the 0.05 probability level via 

(Table 1). The total water deficit of soybean 

SISVAR® software (FERREIRA, 2019). 

in  each  subperiod  was  determined  via  the 



water balance, which consisted of the sum of 

 

the daily differences between the reference 

5 RESULTS AND DISCUSSION 

potential  evapotranspiration  (ETo)  and  the 



actual evapotranspiration of the crop (ETr). 

Figure 1 shows the simulated water 

To  determine  the  soil  water  storage 

deficit values for the soybean crop over 40 

capacity (SSC), the physical  attributes of a 

agricultural  years  at  different  sowing  dates Dystrophic  Red  Latosol  present  on  the 

and  phenological  stages  (subperiods). 

Uberlândia  campus  of  the  Instituto  Federal 

According  to  the  sequential  daily  water 

do  Triângulo  Mineiro  (IFTM)  were 

balance simulations of the crop, throughout 

considered.  This  soil  type  is  representative the 40 agricultural years studied, there was a 

because it is the most abundant in the region 

water  deficit  in  most  subperiods/stages 

(EMBRAPA, 2018). 

(Figure 1). However, as shown in Figure 1, 

To begin the water balance, the soil 

in all phenological stages of the plants, there 

was  considered  at  field  capacity.  The  soil were  years  without  water  deficit,  mainly 

moisture  values  based  on  volume  at  field 

between S-V1/V2 and R7-R8. Examples of 

capacity (stress 33 kPa) and at the permanent 

harvests  without  water  deficit  for  S-V1/V2 

wilting point (stress 1500 kPa) were 39.6% 

can  be  observed  in  the  2005/06  harvest, 

and 29.1%, respectively, and the soil density 

when  sowing  occurred  on  December  1st 

was  1.15  g  cm-3.  Both  analyses  were 

(Figure  1  C),  and  in  the  1993/94  harvest 

performed  in  the  soil  laboratory  of  the 

(Figure  1  B),  when  sowing  occurred  on 

IFTM-Uberlândia Campus. 

December 15th. 
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Figure 1. Water deficiency (mm) for soybean crops at different phenological stages and different sowing dates, namely, November 1 (A), November 15 (B), December 1 

(C) and December 15 (D), in the municipality of Uberlândia, MG, during 40 

agricultural years. 
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Source: Authors 



Fietz  and  Urchei  (2002)  obtained 

soybean  leaves,  directly  influencing  the 

similar  results  in  simulations  of  the  soil reduction  in  the  photosynthetic  rate, 

water  balance  via  Dourados-MS.  These 

stomatal conductance and plant transpiration 

authors  reported  water  deficiency  in  all 

(ZHANG et al., 2016). 

phases  (subperiods)  and  planting  seasons 

Considering  the  sowing  simulation 

studied  (November  15  and  December  15). 

on November 1st, the total water deficit of 

Thus,  water  deficit  can  cause  changes  in 

the  soybean  cycle  ranged  from  61.1  mm 

Irriga, Botucatu, v. 26, n. 4, p. 745-757, outubro-dezembro, 2021 



750                                                           Deficiência hídrica... 



(2009/10  harvest)  to  425.6  mm  (1985/86 

was also observed by Souza et al. (2016) in 

harvest),  with  an  average  of  236.1  mm 

an  experiment  carried  out  in  the  2007/08 

(Figure  2).  The  greatest  water  deficit 

harvest in the municipality of Paragominas-

occurred between V2 and R1 (Figure 1A), at 

PA, 

in 

which 

the 

maximum 

approximately  200  mm.  Notably,  between 

evapotranspiration of the crop comprised the 

R1 and R5/R7, the water deficit was lower 

same period mentioned above, concentrating 

than that between V2 and R1. This behavior 

mainly in the grain-filling phase (R5). 



Figure 2. Total water deficiency (mm) for soybean crops on different sowing dates: November 1; November 15; December 1; and December 15, in the municipality of Uberlândia, MG, in 40 agricultural years. 

 

Source: Authors 



For  sowing  on  November  15th,  the 

The  analysis  of  total  water 

total  water  deficiency  of  the  cycle  ranged deficiencies  for  sowings  carried  out  in 

from  50.8  mm  (1982/83  harvest)  to  391.4 

December revealed that when sowings were 

mm  (1985/86  harvest),  with  an  average  of 

sown on December 1st, water deficits varied 

215.9  mm  (Figure  2).  In  most  agricultural 

from  87.7  mm  (2007/08  harvest)  to  420.7 

years, the subperiods with maximum water 

mm (1983/84), with an average of 220.6 mm 

deficiency indices correspond to subperiods 

(Figure  2).  For  the  sowings  on  December 

R1  to  R5/R7,  beginning  of  flowering, 

15th, the water deficiency varied from 70.5 

passing through grain filling and extending 

mm (2007/08) to 463.5 mm (1983/84), with 

to  the  beginning  of  maturation,  and  the 

an  average  of  225.5  mm  (Figure  2).  The 

vegetative  phase,  from  the  second  node  to 

behavior  was  the  same  as  that  observed  in the  beginning  of  flowering  (V2  to  R1) 

the  sowings  in  November,  with  the 

(Figure  2).  This  behavior  can  be  explained maximum  deficit  values  concentrated  in 

by  the  phenological  stages  occurring 

subperiods R1 to R5/R7 and V2 to R1, with 

between  the  end  of  November  and  the 

higher values in the first. 

beginning  of  February,  months  with  high 

However, in December 2005–06 and 

evapotranspiration 

demands 

in 

the 

2009–10  harvests  for  planting  on  the  first municipality (average monthly ETo ranging 

day of the month and in the 1993–94 harvest 

from  187  to  133  mm/month  in  November 

sown on the fifteenth day, no water deficits 

and  February,  respectively).  According  to 

were observed  in  the  first  subperiod  of  the Figure  1,  only  in  three  harvests  (1980/81, crop  cycle.  The  sowing  time  results  in 

2004/05  and  2006/07)  did  the  maximum 

differences  in  most  of  the  agronomic 

deficits occur in subperiods R7--R8. 

characteristics of the crop, with a decrease in 

plant  height  and  the  number  of  days  to 
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flowering, as sowing is delayed (AMORIM 

of  soybean  in  the  reproductive  phase.  The 

et al., 2011). 

same behavior was reported by Zanon et al. 

As  mentioned,  under  all  conditions, 

(2015) , who observed higher peaks between 

relatively  high  water  deficit  values  were 

R1 and R5. 

observed  in  the  reproductive  phase  (R1  to 

The sowing date with the highest risk 

R5/R7). According to  Embrapa (2013) and 

of  water  deficiency  or  water  stress  for 

Farias  et  al.  (2007)  ,  this  behavior  is 

subperiods S to V1/V2 for soybean crops in 

explained by the increase in  water demand 

the  Uberlândia  region  was  November  1st, 

due to crop development, which reaches the 

with  the  highest  deficiency  values,  the 

highest  values  during  flowering  and  grain 

highest median, and the greatest dispersion 

filling and can consume between 7 and 8 mm 

of annual data (Figure 3A). For this phase or 

day -1. After this period,  the water demand 

subperiod, the second largest dispersion and 

tends to decrease, as observed under all the 

median  were  observed  for  crops  on 

conditions  analyzed.  Suyker  and  Verma 

November  15th,  and  the  third  largest 

(2008) also reported peaks in the maximum 

dispersion  and  median  were  observed  for 

evapotranspiration and leaf area index (LAI) 

crops on December 15th. 



Figure 3.  Boxplot of the variability in water deficiency (mm) for soybean crops on different sowing  dates  (November  1;  November  15;  December  1  and  December  15)  and different development subperiods: S to V1--V2 (A); V2 to R1 (B); R1 to R5/R7 (C); and R7 to R8 (D). 

A

B

C

D



Source: Authors 



In the initial phase of the crop, both 

of the lower water scarcity over the 40 years 

lack  and  excess  water  are  considered  a 

studied  (Table  2).  When  the  average  water 

problem,  with  the  former  being  more 

deficit  values  were  statistically  compared, 

detrimental  to  the  crop,  affecting  both 

lower water deficit values were observed on 

soybean establishment and plant population 

December 1st than on November 1st, which 

uniformity  (FARIAS  et  al.,  2009). 

contributed  to  improving  the  initial 

Therefore,  considering  this  initial  phase  of development of the crop (Table 2 and Figure 

the crop for the studied region, planting on 

3A). 

December 1st is more advantageous because 
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Table 2. Average water deficit (mm) of soybeans according to their phenological phases and different sowing periods for the Uberlândia-MG region. 

Phenological stages of soybeans 

Sowing 

Total 

S-V1/V2 

V2-R1 

R1-R6/R7 

R7-R8 

01/Nov 

10.93 a 

82.84 a 

111.31 a 

31.01 a 

236.09 a 

15/Nov 

9.55 ab 

59.33 b 

118.03 a 

29.02 a 

215.94 a 

December 1st 

5.21 b 

61,61 ab 

129.53 a 

24.20 a 

220.56 a 

December 

6.40 ab 

67.14 ab 

120.95 a 

30.98 a 

225.46 a 

15th 

Deficit  values  are  in  mm.  The  mean  values  followed  by  the  same  letter  in  the  same  column  do  not  differ significantly according to the Tukey test (p ˂ 0.05). 



When  the  second  subperiod  (V2  to 

one of the most critical phases of crop water 

R1)  was  analyzed,  the  most  advantageous 

stress, there were no significant differences 

cultivation  dates  were  15/Nov  and  01/Dec 

in the dispersion of the water deficiency data 

(Table 2) because they presented the lowest 

(Figure  3C).  Therefore,  it  is  necessary  to medians,  with  55  and  53.5  mm  of  water 

observe  the  behavior  in  the  previous 

deficit, respectively, and lower values in the 

subperiods. 

25%  percentile  (Figure  3B).  In  this 

In  the  last  subperiod  (R7  to  R8), 

subperiod,  the  lack  of  water  reduces  the 

because it is the grain drying phase, the plant 

number and size of pods and seeds due to the 

is  no  longer  as  sensitive  to  water  stress. 

shortening of the stages (KRISHNAN et al., 

Furthermore,  it  is  interesting  that  harvest 2014).  Furthermore,  for  the  date  of  15 

occurs  during  a  period  of  lack  of  rain 

November, there were lower values of water 

(SOUZA et al., 2016). Figure 3D shows that 

deficit  and  a  smaller  amplitude  of  the 

in subperiods R7 to  R8,  the smallest  water 

interquartile  range  in  the  boxplot  (Figure 

deficiencies occurred in crops on the sowing 

3B). Statistically, the sowing date of 15/Nov 

dates of December 1 and November 15, with 

(lowest average water deficit) differed from 

medians of 16.6 and 19.3 mm, respectively 

the  early  sowing  date  of  01/Nov  in  V2-R1 

(Figure  3D),  although  there  was  no 

(Table  2),  with  the  aforementioned  sowing 

significant difference in the means (Table 2). 

date  (01/Nov)  being  responsible  for  the 

For  these  dates,  better  grain  quality  is 

greatest risk of water stress, with a high data 

possible; however, there is a greater risk of 

amplitude and a 25% percentile value (46.1 

rain at the time of harvest. 

mm) close to the median of the other sowing 

Water deficit during the reproductive 

dates (Figure 3B). 

period,  more  specifically  during  the  final 

When  the  third  subperiod  (R1  to 

flowering phase and pod formation, can lead 

R6/R7),  which  covers  the  flowering  and 

to  flower  and  pod  abortion,  in  which  this grain-filling  periods,  was  analyzed,  lower 

lack  of  water  can  also  trigger  a  second 

median  values  of  water  deficiency  were 

flowering,  which  is  normally  infertile, 

observed for the sowing dates of November 

resulting  in  leaf  retention  (MUNDSTOCK 

15 and December 15, with  values of 108.2 

and  THOMAS,  2005;  SILVA;  CANTERI; 

and  111.3  mm,  respectively  (Figure  3C), 

SILVA, 2013). Simeão et al. (2018) reported 

although there was no significant difference 

that  water  deficit  during  the  flowering  and in the means (Table 2). For this subperiod, 

pod-filling  phases  inhibited  the  growth  of 

the interquartile ranges were reduced as the 

the BRS Sambaíba RR cultivar, contributing 

sowing  dates  were  later,  presenting  lower 

to reductions of up to 33.2, 34.7, 41.3, and 

values  for  December  15.  Although  this  is 

13.7% in plant height, number of leaves, leaf 
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area index, and total dry mass, respectively, 

phases/subperiods,  thus  presenting  greater 

compared with those of the control. 

potential  for  cultivation  in  the  Uberlândia An analysis of the data from the four 

region. The very early sowing on November 

subperiods (Figure 3) and the variability of 

1st, in addition to greater dispersions of the 

the total water deficit of the cycle (Figure 4) 

water  deficit  data  observed  in  some 

revealed  that  the  cultivation  dates  between subperiods  (Figure  3),  presents  a  larger 

November 15th and December 1st presented 

interquartile range when  the complete crop 

the  lowest  water  deficits  in  the  two  initial cycle is considered (Figure 4). 



Figure 4.  Boxplot of variability of total water deficiency of the cycle (mm) for soybean crops on different sowing dates (November 1; November 15; December 1 and December 15) over 40 years in Uberlândia-MG. 



Source: Authors 



For  planting  dates  after  November 

the main limiting factors on productivity in 

15,  the  median  values  of  total  water 

nonirrigated soybean crops. 

deficiency  are  lower  than  those  in  earlier The  highest  water  deficit  values 

planting  (November  1),  thus  generating 

found in the initial and reproductive phases 

lower water deficiency in most of the years 

of the soybean crop were the main indicators 

studied  (Figure  4),  in  absolute  values. 

for  recommending  the  best  sowing  time, 

However,  statistically,  the  averages  are  the taking  into  account  a  long  series  of 

same, as shown in Table 2. Water deficit is 

meteorological data (40 years). 

considered  one  of  the  limiting  factors  for For  the  Uberlândia-MG  region,  the 

soybean  quality  and  productivity  (GALÃO 

planting dates between November 15th and 

et al., 2014; TAVARES et al., 2013; FIETZ 

December  1st  presented  the  lowest  water 

and URCHEI, 2002). 

deficits in the two initial phases/subperiods. 









6 CONCLUSION 

7 ACKNOWLEDGMENTS 





Water  deficits  were  observed  in  all 

The authors would like to thank the 

the  phenological  subperiods  studied  for 

Federal  Institute of Education, Science and 

soybean crops at all the sowing times studied 

Technology 

of 

Triângulo 

Mineiro 

in  the  Uberlândia  region.  Therefore,  the 

(IFTM)/PROPI  -  Pro-Rector  of  Research, 

duration of the water deficit and the phase or 

Postgraduate  Studies  and  Innovation,  for 

subperiod in which it occurs are potentially 

their  support  and  the  National  Council  for Irriga, Botucatu, v. 26, n. 4, p. 745-757, outubro-dezembro, 2021 

754                                                           Deficiência hídrica... 



Scientific  and  Technological  Development 

(CNPq) for granting the scientific initiation 

scholarship to the first author. 



8 REFERENCES 

 

 

ALLEN, RG; PEREIRA, LS; RAES, D.; SMITH, M. Crop evapotranspiration: guidelines for computing crop water requirements . Rome : FAO, 1998. 300p. FAO Irrigation and Drainage Paper 56. 



AMORIM, FA; HAMAWAKI OT; SOUSA LB; LANA RMQ; HAMAWAKI CDL Sowing season  on  the  productive  potential  of  soybean  in  Uberlândia  -  MG. Semina  :  Agricultural Sciences. v. 32, n. 1, p. 1793-1802, 2011. 



ARANTES, N.; ZITO, R.; ZANETTI, A.; FRONZA, V.; SÁ MEL Soybean cultivars: Minas Gerais and Central Region of Brazil: 2010/2011 harvest. Embrapa Soja , 47p 2010. 



CARMO,  EL  do;  BRAZ,  GBP;  SIMON,  GA;  SILVA,  AG  da  ;  ROCHA,  AGC  Agronomic performance  of  soybean  cultivated  at  different  times  and  plant  distribution.  Journal  of Agroveterinary  Sciences  , Lages,  v.  17,  n.  1,  p.  61-69,  2018.  DOI: 10.5965/223811711712018061. 



CARVALHO IR; KORCELSKI C.; PELISSARI G.; DALMIR A.; ROSA GM Water Demand of Crops of Agronomic Interest. Encyclopedia Biosfera , v.9, n.17; p.969-985, 2013. 



NATIONAL SUPPLY COMPANY. VOLUME 7 : Perspectives for agriculture. 1st ed. 

Brasília- DF : Sumac , 2019. 102 p. 



COSTA, J. A. Soybean culture . Porto Alegre. Evangraf . 1996. 233p. 



BRAZILIAN  AGRICULTURAL  RESEARCH  CORPORATION  -  EMBRAPA. Soybean production technologies - central region of Brazil 2014 . Embrapa Soja, Londrina, 2013, 265 

p. 



BRAZILIAN AGRICULTURAL RESEARCH CORPORATION. Brazilian soil classification system , 355p, 2018. 



FARIAS,  JRB;  ASSAD,  ED;  ALMEIDA,  IR;  EVANGELISTA,  BA;  LAZZAROTTO,  C.; NEUMAIER,  N.; NEPOMUCENO, A. L.. Characterization of water deficit risk in  soybean producing regions in Brazil. Brazilian Journal of Agrometeorology , v. 9, n. 3, p. 415-421, 2001. 



FARIAS, JRB; NEPOMUCENO AL; NEUMAIER, N. Ecophysiology of soybean. Technical Circular. Embrapa. v.48, 9p, 2007. 



FARIAS, JR B; NEUMAIER, N; NEPOMUCENO, AL Soybean. Agrometeorology of crops . 

Brasília DF, p. 261-277, 2009. 

Irriga, Botucatu, v. 26, n. 4, p. 745-757, outubro-dezembro, 2021 

                                                              Barcelos, et al.                                                                            755 





FERREIRA, D. F. SISVAR: a computer analysis system to fixed effects split plot type designs. Revista Brasileira de Biometrica , v. 37, n. 4, p. 529-535, 2019. 



FIETZ, CR; URCHEI, MA Water deficiency of soybean crops in the Dourados region, MS. 

Brazilian Journal of Agricultural and Environmental Engineering , v. 6, n. 2, p. 262-265, December 27, 2002. 



FRIGERI, AR; LAZARINI , E.; JÚNIOR, VO ; BERNARDES , VS Sowing times and plant population for three soybean cultivars. Acta Iguazu , Cascavél , v. 8, n. 4, p. 41-52, 2019. 



GALÃO, OF; CARRÃO-PANIZZI MC; MANDARINO JMG; JUNIOR OOS; MARUYAMA SA;  FIGUEIREDO  LC;  BONAFE  EG;  VISENTAINER  JV  Differences  of  fatty  acid composition in Brazilian genetic and conventional soybeans (Glycine max (L.) Merrill) grown in different regions . Food Res . Int. 62, p.589-594, 2014. 



GAVA, R.; FRIZZONE, JA; SNYDER, RL; JOSE, JV; FRAGA JR, EF; PERBONI, A. Water stress  in  different  phases  of  soybean  crop. Brazilian  Journal  of  Irrigated  Agriculture  , Fortaleza CE, v. 9, n. 6, p. 349-359, 2015. DOI: https://doi.org/10.7127/rbai.v9n600368 .  



KRISHNAN, P.; RAVENDER S.; VERMA APS; JOSHI DK; SHEORAJ S. Changes in seed water status as characterized by NMR in developing soybean seeds grown under moisture stress conditions. Biochem . Biophys . v.444, p.485-490, 2014. 



MUNDSTOCK, CM; THOMAS, AL Soybean : factors affecting grain growth and yield. 

Federal University of Rio Grande do Sul, 2005. 31p. 



NEUMAIER, N.; FARIAS, JRB; NEPOMUCENO, AL; MERTZ-HENNING, LM; FOLONI, J.; MORAES, LAC; GONCALVES, S. Soybean ecophysiology . In: SEIXAS, C.D. S.; NEUMAIER, N.; JUNIO, AAB; KRZYZANOWSKI, F.C.; LEITE, RMVBC (ed.). Soybean production technologies . Londrina: Embrapa Soja, 2020, p. 33-54. 



PARDO, EM; VELLICCE, GR; AGUIRREZABAL L.; IRUJO GP; ROCHA CML; GARCÍA MG; ANGUEIRA SP; WELIN B.; SANCHEZ J.; LEDESMA F.; CASTAGNARO AP Drought tolerance screening under controlled conditions predicts ranking of waterlimited yield of field-grown soybean genotypes . Crop Sci . v.201, 95-104, 2015 . 



SENTELHAS, PC; BATTISTI, R.; CHAMBER, GMS; FARIAS, JRB; HAMPF, A.; NENDEL, C. The Soybean Yield Gap in Brazil - Magnitude, Causes and Possible Solutions for a Sustainable Production. Journal of Agriculture Science ., vol. 153, p. 1394-1411, 2015. 



SILVA, AJ; CANTERI, MG; SILVA, AL Green stem and leaf retention in soybean. Summa Phytopathologica , v.39, n.3, p.151-156, 2013. 



SILVA,  AV  DA.;  SILVA,  CM  DA.;  PAVAN,  BE;  PESSOA,  WRLS;  MIELEZRSKI,  F. 

Sowing  time  x  maturity  groups  in  soybean  yield  components. Agronomic  Culture  ,  Ilha Solteira, v.27, n.1, p.44-56, 2018. 

Irriga, Botucatu, v. 26, n. 4, p. 745-757, outubro-dezembro, 2021 

756                                                           Deficiência hídrica... 





SIMEÃO, M.; ADERSON, S. DE. AJ; EVERALDO, M. DA.S.; AURELIANO, DE. AR; EDSON, AB Soybean development under soil water deficit . African Journal of Agricultural Research , [ sl .], v. 13, p. 771-781, 2018. DOI: 10.5897/AJAR2017.12815 



SOUZA, PJOP; FARIAS, SO; ROCHA, EJP; SOUSA, AML; SOUZA, EB Water consumption of soybeans in northeastern Pará. Irriga , v. 1, n . 218-231 , 2016. 



SUYKER,  AE;  VERMA,  SB  Interannual  water  vapor  and  energy  exchange  in  an  irrigated maize-based agroecosystem . Agricultural and Forest Meteorology , Amsterdam, 148:417-427, 2008. 



TAVARES, LC; RUFINO, CA; BRUNES, AP; TUNES, LM; BARROS, ACSA and PESKE, ST Soybean seed performance under water deficit: yield and physiological quality of the F1 

generation. Ciência Rural . 43, 1357-1363, 2013. 



THORNTHWAITE, C.W.; MATHER, JR The water balance . Centerton , NJ: Drexel Institute of Technology - Laboratory of Climatology, 1955. 104p. (Publications in Climatology, vol. VIII, n.1). 



UNITED STATES DEPARTMENT OF AGRICULTURE. CIRCULAR SERIES WAP 3-20 : World Agricultural Production. 1 ed. United States , 2020. 32 p. 



ZANON,  AJ;  RICHTER,  GL;  BECKER,  CC;  ROCHA,  TSM;  CERA,  JC;  WINCK,  JEM; CARDOSO,  AP;  TAGLIAPIETRA,  EL;  WEBER,  PS  Contribution  of  branching  and  the evolution of the leaf area index in modern soybean cultivars. Bragantia , v. 74, p. 279-290, 2015. 



ZHANG, J.; LIU, J.; YANG, C.; DU, S.; YANG, W. Photosynthetic performance of soybean plants to water deficit under high and low light intensity. South African Journal of Botany . 

v.105, p.279-287, 2016. 



Irriga, Botucatu, v. 26, n. 4, p. 745-757, outubro-dezembro, 2021 



index-7_1.png
Deficiencia Hidrica (mm)

45
40
35
30
25
20
15
10

S-V1/V2

ﬁ

-

W 0l/nov.
W 15/nov.
9 0lider
9 15/dez





index-7_3.png
350
300
250
200
150
100

Deficiencia Hidrica (mm)

»
3

RI1-R6/R7

-

W 0l/nov
M 15/nov
W 01/dez.
W 15/dez.





index-6_1.png
—e—Semeadura em 15 NOV —=—Semeadura em 01 DEZ ——Semeadura em 15 DEZ

——Semeadura em 01 NOV

[ ozss10t
| 618102
81/L10T
| L1j910¢
91/5102
| srioe
v1/£102
€1/2102
| Tuioz
11/0102
| o1/600¢
| 60/800¢
80/L00T
| Lo/900¢
90/5002
| sorvooc
$0/£00T
| corzooz
| zortooz
10/000
| 00/6661
66/366T
| 86/L661
| L6/9661
| 96/5661
| s6/v661
V6/E66T
| e6/2661
T6/1661
| 16/0661
| 06/6861
68/886T
| 88/L861
18/986T
| 98/5861
| s8vs61
| v8/essl
| e8/zs6l
T8/186T
| 18/0861

Ano Agricola






index-7_2.png
Deficiencia Hidrica (mm)

250

W
2
3

150

100

o
3

V2-R1

i

W 0l/nov.
M 15/nov.
9 0l/der
1 15/der





index-9_1.png
M 01/nov
M 15/nov
M 01/dez
W 15/dez

500

S 22 Q2 2
n S w S n S wn
+ F 0 @& a a -

() 0[1) [e10, BILIPIH BIOUAGA

=3
b}

100






index-7_4.png
Deficiencia Hidrica (mm)
v oE 2 % 2 D
25 2 2z 2 B

°

R7-R8

.

W 0l/nov
M 15/nov
W 01/dez.
W 15/dez.





