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Abstract

Uruguayan  rice  yield  is  on  the  top-five  of  the  world.  This  productivity  is  achieved  with
relatively low inorganic N inputs. Research has developed a fertilization model for the early tillering
moment (ETI) while from panicle initiation (PI) onwards, there is not practical available methods to
assess the N status of the crop. The critical dilution N curves (CNDC) has proposed as a technology to
check the N concentration against a critical N concentration during the length of the dry matter (DM)
accumulation  period.  Two  experiments  with  high  yielding  rice  varieties  (INIA  Merin=indica  and
Parao=japonica) were conducted. Fertilization were made at ETI and PI with four N dose each one (0,
25,  50  and  100 kg  ha-1)  generating 16 N treatments.  Content  of  DM and N concentration were
determined every 15 days from 15 days before PI until 50 days after this. Results showed that INIA
Merin had a linear response in DM accumulation and yield (kg ha-1) to N fertilization during the crop
life, while Parao reach a maximum with 50 kg N ha-1. High yield treatments of INIA Merin showed a
CNDC lower than published indica CNDC, while Parao was closely related to published data. This
suggest that more research must be continued to generate a CNDC for Uruguayan varieties and to
test higher N doses to assess INIA Merin behavior in comparison to international published CNDC.
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Introduction 

In Uruguay rice  rotates with pastures  and country  productivity (8  Mg ha -1)  is  among the
highest worldwide (Palmer, 2012). This yield is achieved with a high nitrogen use efficiency (> 100 kg
kg-1)  compared  with  other  rice  systems  (Pittelkow et  al.  2016).  The  most  frequent  stages  for  N
fertilization are at early tillering (ETI) and panicle initiation (PI). While farmers adopt the fertilization
at ETI widely, in the last years the percentage of rice surface fertilized in both stages at national scale
has been declining (GTA 2019). This was associated basically with a reduction in the labor costs when
avoiding the plane used for this activity. Nevertheless, when N fertilization at ETI is the only input of
inorganic N, it is not clear if this fertilizer topdressing could supply the total demand of N along the
crop.  Currently a N model to assess the N fertilization requirement from ETI to PI has been developed
(Castillo et al. 2015), based on the potentially N mineralized (NPM), an anaerobic incubation of the
soil (Waring and Bremner, 1964), measured around de seeding date. The same work has identified
other N parameters (total N absorption) to assess the N status and requirements to be used at PI but
this method has showed to be less accurate and impractical by farmers. The critical dilution N curves
(CDNC) is a technology which relates the dry matter (DM) and the N concentration (%), which can be
used as an assessment of the N status during the crop when the DM is higher than 1.5 Mg ha -1 (Justes
et  al.  1994).  In  the rice  crop,  this  DM production is  reached between ETI  and PI  stages  so this
technology can be useful to be used from PI onwards after the first N fertilization based on PMN.
Some CNDC have been developed for indica and japonica rice and various climatic conditions (Sheehy
et al., 1998; Huang et al., 2018; Ata-Ul-Karim et al., 2013). The aim of this work was to generate the
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first data set from a population with different N status and compare the best productive treatments
with published CNDC.

Material and methods

Two experiments were installed at Paso de la Laguna INIA experimental station (33° 16' 23'' S;
54° 10' 24''  W; 22 MASL), during 2016/2017 growing season. Indica and japonica ideotypes were
represented by the local varieties INIA Merín and Parao respectively. A split plot design with three
replications were used being the big plot the N fertilization at ETI while the small one corresponded
with the panicle initiation stage (PI). Four N dozes (0, 25, 50 and 100 kg ha -1) were evaluated at TI and
PI respectively, resulting in 16 N treatments, ranging from 0 to 200 kg ha -1.  From 15 days before PI
(15 DBPI) to 50 days after PI (50 DAPI), aboveground biomass was collected every 15 days, removing 2
samples of  0.5 m per plot  each time. Samples were dried for  48h (60 ºC)  and milled (<0.5mm),
previous to the N analysis. NIRS technique were used to assess the N determination with a previous
calibration with the Kjeldahl method (R2=0.99). Grain yield (kg ha-1) were determined at the end of
the crop, harvesting 16 m2 at the center of the plot, adjusting to 13% of grain humidity.  

Agronomic responses for each variety were evaluated using mixed models from the Infostat

statistical package (Di Rienzo et al., 2008). In the model, N fertilization treatments at TI, PI and the
interaction of  both N fertilization stages were defined as fixed effect while the replications were
defined as a random effect. Statistical differences were determined using the Fisher test (P≤ 0.05).

Results

Dry matter accumulation showed statistical differences only to N fertilization at ETI. Plant N
concentration  and  grain  yield  responded  to  both  N  fertilization  moments,  ETI  and  PI  while  no
interaction were detected.

Dose 100 N at ETI showed in all the measurement dates higher DM than 0 N, meanwhile 25 N
and 50 N treatments were intermediate, except for 15DBP which 50 N not showed differences with
100  N  (Table  1).  At  50  DAPI,  100  N  accumulated  38%  and  19%  more  DM  than  0  N  and  the
intermediate doses, respectively (Table 1). Parao had a similar DM accumulation pattern where 100 N
and 0 N were different through the crop cycle. Nevertheless, 25 N dose was close related with 0 N,
and  50  N  was  intermediately  between  both  groups.  At  50  DAPI,  100  N  dose  generated  an
accumulation of DM of 47% and 21% higher than 0 N and 50 N treatments respectively.

Table 1: Dry matter accumulation and grain yield by N dose and fertilization moment.

 N Dry matter accumulation  Yield

 
Dose
(ETI) 15DBP PI 15DAPI 30 DAPI 50 DAPI  N Fertiliz-ETI N Fertiliz-PI

   ------------------------------------------------------- kg ha-1 ------------------------------------------------------- 

 0 931 D 1950 D 4301 C 9797 C 13022 C  10630 C 11377 B

INIA Merin 25 1516 C 2827 C 5158 B 11363 B 14827 B  11840 BC 11545 B

 50 1943 B 4193 B 5662 B 12245 B 15581 B  12541 AB 12363 A

 100 2068 A 5486 A 7127 A 14120 A 18028 A  12909 A 12642 A

          

 0 971 C 2273 D 6196 C 8791 C _____  10685 C 10522 B

Parao 25 1396 B 3196 C 6915 BC 10668 B _____  11155 BC 11458 A

 50 1617 A 3859 B 7286 AB 11772 AB _____  11681 AB 11599 A

 100 2058 A 4222 A 8033 A 12943 A _____  11957 A 11898 A
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Grain  yield  was had a  strong correlation with  N fertilization at  ETI  than PI  (Table  1).  No
significant differences were found in the harvest index among N treatments reaching values between
0.55 y 0.65. 

Figure 1: Dilution curve based on N treatments that achieved 95% of the relative yield plotted
against international CNDC for: a) indica rice (below) and b) japonica rice (above).

For this first data-sets it was impossible to generate de CNDC because no critic point was
possible  to  adjust  for  each  measurement  dates.  This  meant  that  an  increase  in  DM  an  N
concentration was observed with the increase in N doses, so the assumptions of the technique were
not  fulfilled.   However,  a  dilution equation with  treatments  which  reach more  than  95% of  the
maximum  yield  was  generated  for  each  variety.  For  INIA  Merín,  the  model  was  adjusted  with
treatments 50 N +50 N and 100 N+100 N (fertilization at ETI and PI respectively). When this dilution
equation was plotted against the international CNDC it was observed a lower concentration in N in all
the crop cycle for INIA Merin (figure 1 a). Results suggest that it would be possible achieve higher N
concentration with higher N fertilization doses.  This would also imply higher DM accumulation. 
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For Parao a dilution equation was constructed with treatments 50 N+25 N; 100 N+100 N; 50
N+50 N; 100 N+50 N and 100 N+25 N. In this case, the dilution observed was close to data published
by Huang et al. (2018), for japonica rice in temperate climate (figure 1 b). 

For Parao the only suitable CNDC is the one generated by Huang et.al, (2018) for japonica rice
in temperate climate. This one is very similar to the curve obtained by modeling those treatments
which reached 95% of the best grain yield. Given this results we can see how it would be useful to
have the critical concentrations needed for each crop moment to manage fertilization more efficiently
to fulfill its needs in case a deficit is detected.

Conclusions 

Different  results  were  observed  when  dilution  curves  of  INIA  Merin  and  Parao  were
compared with international CNDC. While for INIA Merin the dilution curve was lower (DM and N
concentration) than international data Parao showed a close relation. Maybe the similarity of among
climate conditions of both locations explain this behavior. In contrast for INIA Merin, CNDC data were
generated in a different climate compared with Uruguay. 

Results from this first dataset suggest that more research must to be conducted in order to
generate CNDC for Uruguayan conditions, basically for INIA Merin. The exploration of higher N doses
than used in this experiment will help to adjust a model were a critical N concentration for each DN
content could be adjusted and a CNDC could be calculated. 
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