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Abstract 

We aimed to assess rice yield components as function of water stress imposed at distinct crop growth stages 
under greenhouse, in randomized block design under factorial scheme 3 × 4 + 1, with four replications. The 
factor “A” was the growth stage in which water stress was imposed, being (a) vegetative, (b) reproductive 1, and 
(c) reproductive 2; factor “B” was four levels of water stress (0-200 kPa). There was also an additional treatment 
consisting of a flooded check. Water was replenished to saturation every time the threshold stress was reached. 
At the end of the cycle, all panicles were counted and collected, per plant, for further analysis. In the lab, grains 
per panicle were counted, being classified either as whole kernel or aborted grains, whose results were used for 
obtaining sterility percentage. Whole kernel grains were weighted for obtaining the 1000 grains weight for each 
treatment, and the consequent plant grain yields. Number of panicles was not affected when stress was imposed 
after panicle initiation, but when imposed at tillering it was reduced; at grain filling, water stress promoted grains 
sterility higher than 90%; grain weight was only reduced when carbohydrates were directed to root formation in 
detriment of grain filling; lower rice grain yield per plant was observed even when treatments were maintained 
above 10kPa all along the cycle, compared to the flooded treatment.  

Keywords: Oryza sativa, productivity, water demand  

1. Introduction 

Rice is considered a staple food for approximately half the world’s population, cultivated in about 112 countries, 
with 90% of the global production concentrated in Asia. In Brazil, about 3 million hectares of rice are cultivated 
annually and the cereal is important part of Brazilians diet, regardless of social class (Gomes & Magalhães Jr., 
2004).  

Water demand in flooded rice is higher than the required for crops traditionally sprinkler irrigated, such as corn 
or soybeans. This raises some questions regarding water use efficiency and environmental impact caused by rice 
cultivation. 

Sprinkler irrigation, by pivot or linear hardware, continues to be tested for rice cultivation. Some researchers 
(Parfitt et al., 2011) report 50% water economy when rice is grown under pivots compared to flooding. This is 
mainly observed when the system is installed in highly sloped areas or in fields with scarce water. 

In order to support rice growing systems which demand less water and help environmental conservation, there is 
need to understand how rice grain yield is affected by water stress when it is imposed at different phenological 
crop stages, as rice yield components are the determiners of its productivity (Gomes & Magalhães Jr., 2004). 

Water content in plants is important for keeping hydration, maintaining cell turgidity for structure and growth; it 
is also responsible for nutrient transportation and organic compounds into the plant, which are the greatest 
determiners of crop productivity (Gurevitch, Scheiner, & Fox, 2009). For Samonte, Wilson, Mcclung, and 
Tarpley (2001), the soil moisture stress affects various physiological processes as photosynthesis and 
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transpiration, reducing growth and grain filling. Zain, Ismail, Puteh, Mahmood, and Islam (2014) reports that 
water stress affects the grain yield, total plant biomass, 1000-grain weight, tiller and panicle number and plant 
height. 

However, to support water management decisions, it is necessary to know the real effects of water stress levels 
on rice grain yield and its components. Thus, we aimed with this study to assess rice yield components as 
function of water stress levels imposed at different crop developmental stages.  

2. Material and Method 

2.1 Location, Experimental Design, Treatments 

The experiment was installed into a greenhouse, owned by Embrapa Clima Temperado, at the city of Pelotas, 
Brazil. We used a randomized complete-block design with plots arranged under factorial scheme, 3 × 4 + 1, with 
four replications. The chosen rice variety for the study was BRS-Querencia, with early cycle (Embrapa, 2005). 
The factor “A” comprised the growth stage in which the water stress was to be imposed, being (a) vegetative 
(tillering start through panicle differentiation), (b) reproductive 1 (panicle differentiation through anthesis), and 
(c) reproductive 2 (anthesis through ripening start). Factor “B” was composed by the four levels of water stress. 
There was also an additional treatment, which consisted of continuously flooded vases. 

The reproductive stage in rice starts at panicle initiation (Sosbai, 2014), but as this stage is difficult to be 
determined we decided to use the panicle differentiation as the indicator of the reproductive stage. According to 
Carli, Steinmetz, Streck, Marchezan, and Silva (2014), panicle initiation (PI) and differentiation (PD) differ only 
in approximately 4 days.  

2.2 Water Stress Management 

From emergence to the emission of the first tillers, all plots were maintained below 10 kPa in tension—including 
those plots which were to be flooded after tillering emission. When the treatment was at the water threshold level, 
irrigation to saturation was applied. Treatments not under stress were kept below 10 kPa. Treatments are 
presented in Table 1. 

 

Table 1. Water stress levels (treatments) studied under controlled environment aiming to assess the impact on 
crop productivity. 

  FACTOR “A” 
Crop Stage with Water Stress * 

  Vegetative (V) Reproductive 1 (R1) Reproductive 2 (R2) 

FA
C

T
O

R
 “

B
” 

W
at

er
 T

en
si

on
 (

k
P

a)
 0 (Flooded) 0 (7cm layer) 0 (7cm layer) 0 (7cm layer) 

10 0-10 kPa 0-10 kPa 0-10 kPa 

30 0-30 kPa 0-30 kPa 0-30 kPa 

60 - 0-60 kPa 0-60 kPa 

100 0-100 kPa - - 

130 - 0-130 kPa 0-130 kPa 

200 0-200 kPa - - 

Note. * When not under the moment where the stress was to be applied, all treatments (except the flooded check) 
were kept below 10 kPa. 

 

2.3 Experimental Units 

The experimental units were plastic vases with 12 L, fulfilled with 10 kg of soil which was corrected and 
fertilized previously to the experiment installation. Soil pH is usually not problematic for rice because the water 
is usually enough to correct the pH on flooding onset, but as most plots were not supposed to be submitted to 
flooding, soil pH was corrected for the experiment. Seven rice seeds were put into each experimental plot, and 
after emergence the five most homogeneous plants were maintained. 

2.4 Water Stress Monitoring 

The soil water tension was registered by sets of electro-tensiometers, with one sensor per plot at 10 cm depth. 
Water tension in all plots was recorded once per hour. Sensor readings were corrected as function of soil 
temperature, which was obtained by Watermark temperature sensors installed into the plots also at 10 cm depth. 
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Soil water tension was verified manually twice a day. When it reached the treatment level, water was added to 
take soil back to saturation. The amount of added water was determined through a soil moisture retention curve 
(Figure 1). 

 

 

Figure 1. Water retention curve for the soil used at the experiment under controlled environment. Embrapa Clima 
Temperado, Pelotas-RS, Brazil, 2016 

 

2.5 Environmental Conditions and Water Demand 

The daily maximum and minimum temperature and air humidity into the greenhouse along the duration of the 
experiment are shown in Figures 2A and 2B, respectively. The evapotranspiration (ET0) was estimated as an 
additional way to help defining when the plots would most probably reach the threshold water level and avoid 
losing the timing for water application. ET0 was estimated by using the Hargreaves method (Figure 2C), based 
on daily temperature ranges (Figure 2A).  

2.6 Sampling and Data Collection 

At the end of the cycle, all panicles were counted and collected, per plant, for further analysis. In the lab, grains 
per panicle were counted, being classified either as whole kernel or aborted grains, whose results were used for 
obtaining sterility percentage. Whole kernel grains were weighted for obtaining the 1000 grains weight for each 
treatment, and the consequent plant grain yield. 

2.7 Statistical Procedures 

Data were analyzed into the “R” statistical environment (R Core Team, 2016). The data was submitted to 
normality (Shapiro-Wilk) and variance homogeneity (Bartlett) tests, at 5% probability. After removing the 
outliers, the data was submitted to analysis of variance (Anova) by the F-test at 5% probability. The number of 
tillers per plant as a function of days after tillering start an treatment (water stress), was presented with simple 
regressions, being considered as significantly distinct when its difference was superior to two standard deviations 
(2sd) of the data set (Peternelli & Mello, 2011). The variables assessed at the end of the crop cycle were 
presented in bar graphs and submitted to regression analysis with adjustment of 1st or 2nd degree linear models, 
being also determined the adjustment coefficient (R2). 
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Figure 2. (A) Daily temperature ranges into the greenhouse for ETo estimation; (B) air humidity ranges into the 
greenhouse along the experiment conduction; (C) Eto calculation by Hargreaves based on daily temperature 

ranges. Embrapa Clima Temperado, Pelotas-RS, Brazil, 2016 

 

3. Results and Discussion 

3.1 Number of Tillers 

The number of tillers per plant was affected by the water stress, but only at the “V” stage (Figure 3), when water 
tensions of 100 or 200 kPa reduced tillering, respectively, in about 30 and 48%. Under 100 kPa, tillering was 
smoothly recovered after stress was removed, while for 200 kPa no recovery was observed in tillering after the 
stress was stopped (Figure 3). At the “V” stage, for the flooded check as well as for treatments below 30 kPa, 
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of panicles per plant (Gomes & Magalhães Jr., 2004). Thus, water stress at tillering reduced the number of 
panicles per plant, as previously discussed, being this one of the definers of panicle number. 

 

Figure 4. Panicles per plant, grain sterility (%), weight of 100 grains (g) and rice grain yield (g plant-1) as 
function of water stress levels imposed at distinct phenological stages under controlled environment 

 

It should be noted also that almost all tillers which were able to survive after the self-thinning (Figure 3), were 
able to produce a panicle (Figure 4A), being thus the tiller sterility proportion (data not shown) very low. It is 
estimated that only less than 15% of the tillers were not able to produce a panicle.  

3.3 Whole Kernel Grains 

The number of whole kernel grains per plant varied among treatments, being the most remarkable different the 
flooded treatment compared to the other ones (Figure 4B). The flooded check produced about 800 whole kernel 
grains per plant, while the treatments under 10 kPa averaged about 500 whole kernel grains per plant. The 
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damage caused by the stress was clearly as critical as later it was applied; at “V” stage, 200 kPa resulted in about 
350 whole kernels per plant, compared to about 500 at 10 kPa; at “R1”, 130 kPa resulted in about 200 whole 
kernels, and the same stress imposed at “R2” resulted in only about 50 whole kernels per plant (Figure 4B). 

On the other side, the difference between the flooded check and the set of treatments under stress for whole 
kernels (Figure 4B) was not maintained for aborted grains (Figure 4C), where treatments under 10-30 kPa were 
similar to the flooded check, with about 240 aborted grains per plant. This supplies evidence that rice grown 
under water stress (sprinkler or intermittent flooding irrigation) should be planted in higher density compared to 
continuous flooding as the grain abortion rate is not higher under this irrigation system, but the whole kernel 
grains are reduced—it should be compensated by a higher tiller (and panicle) density, which may be achieved in 
the field by using higher seeding rates (Ahmed, Salim, & Chauhan, 2014) and accurate nitrogen topdressing 
management (Cai et al., 2006; Parfitt et al., 2017).  

3.4 Grain Sterility 

Rice grains sterility (Figure 4D) was affected by the water stress applied to any developmental stage. At grain 
filling (“R2”), however, the water stress promoted grains sterility higher than 90% at stress levels above 60 kPa. 
In fact, grain filling (and consequently grain sterility) is mostly determined between rice crop stages R4 (anthesis) 
and R9 (harvest), the period when most of the photosynthates are directed to grain filling (Gurevitch et al., 2009). 
As plants may direct reserves to form roots when under stress (Pascual & Wang, 2017), for the treatment 
imposed at “R2” it is likely that there was not enough carbohydrates to fill all rice grains formed during panicle 
development (rice stages R0 to R4).  

Regarding only the filled grains, rice grain weight (Figure 4E) was only reduced where carbohydrates were most 
probably directed to the primary metabolism aiming survival, and possibly also to root formation in detriment of 
grain filling (60-130 kPa, applied to the R2 stage). The weight of 1000 grains for Brazilian rice varieties (long 
and thin grain type) is about 23-30 g (Soares et al., 2010; Leite, Cavalheiro, Schuch, Amaral, & Tavares, 2011), 
which was also observed in the present study when the stress was imposed prior to anthesis. When strong stress 
was imposed at R2, rice grains (1000) weighted less than 5 g, practically halting rice grain yield. In addition, 
supposing these low weight grains were screened for viability, most of them would probably be sterile (Akil & 
Araujo, 1977).  

3.5 Grain Yield 

Rice grain yield is a result of the panicle density, grains per panicle and their weight, which are termed “yield 
components” (Gomes & Magalhães Jr., 2004). Lower rice grain yield was observed even when treatments were 
maintained under 10 kPa all along the crop cycle, compared to the flooded treatment. One have to consider, 
however, that in studies conducted under controlled environments, treatment effects are usually intensified 
compared to studies installed in field conditions (Steffen et al., 2010). Thus, these results should be further 
evaluated in field trials. In addition, by the facts previously mentioned, equivalent grain yield for flooded and 
sprinkler irrigated fields would most probably be achieved by increasing the seeding rate in sprinkler irrigated 
fields. Another fact is that rice grain yield, at the vegetative stage, was numerically higher under 200 kPa than 
under 100 kPa. This was attributed to a natural biological variation since the water content in soil under 200 kPa 
is very similar to the amount available at 100 kPa, as shown in the soil retention curve (Figure 1). 

4. Conclusion 

The number of panicles per plant was not affected when stress was imposed after panicle initiation, but when 
imposed at tillering it reduced the number of panicles per plant. At grain filling (“R2”), water stress promoted 
grain sterility higher than 90%. Lower rice grain yield per plant was observed even when treatments were 
maintained below 10 kPa all along the cycle, compared to the flooded treatment. 
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