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Abstract. In Brazil, off-season rainfed maize is usually affected by limited water due to irregularities in rainfall. 
Alternatives to mitigate these effects include ground cover to reduce evaporation losses and the use of 
cultivars with a deeper rooting system. We conducted a study in Goias, Brazil, to evaluate the influence of 
different crop management strategies to mitigate the effect of limited water in maize yield. Modeling was used 
to simulate scenarios that consisted of 0, 3.5 and 5.0 t ha-1 of soybean residue left on the soil surface 
combined with cultivar ideotypes with 0.30 m, 0.50 m 0.70 m deep rooting system grown with 60 and 340 kg 
ha-1of nitrogen. The results showed that maintaining residue in the soil surface in combination with the use of 
cultivars with deeper rooting systems favored higher yields of off-season maize. Our results also indicated that 
a cultivar with rooting system in the top 0.50 m of the soil fertilized with a high nitrogen rate tended to be more 
efficient in the use of the soil available water. 
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Introduction 
 
Most of the maize produced in Brazil comes from its off-season production system, which has a great impact in 
the agribusiness sector of the country (Foloni et al., 2014). The system is mostly practiced in the Southeast and 
Central-West regions of Brazil. In the latter, the State of Goias is of interest as the off-season maize in rotation 
with soybean has become the most important practice. The system is rainfed, therefore subject to weather 
uncertainties especially affecting the availability of water in the soil profile and ultimately, yield. As a 
consequence, the regional average maize yield of 4800 kg ha-1 (IBGE, 2015) is below its potential (Leite et al., 
2013). Efforts to reduce such gap are of high importance for the sector. In the State of Goias the average 
rainfall amount from January to April is 782 mm (Cardoso et al., 2014), higher than the minimum of 300 to 350 
mm of rainfall required by the crop, provided that it is well distributed throughout the growing season (Dourado 
Neto et al., 2004).  

An option to mitigate the effects of limited water in crop production is no-till, a practice that do not disturbs the 
soil  and maintains the residue of the previous crop on surface. In addition to its beneficial effects on erosion 
control and easiness of sowing, no-till also helps to prevent the loss of soil moisture. Crops residue favor the 
increase of organic matter, helps in maintaining the soil temperature and, especially, water in the soil profile 
(Moreira et al., 2011). Indirectly, it can also attenuate the impact of the intra-seasonal weather variation on 
yield. Crops residue kept on the soil surface and no-tillage may also improve the soil-water infiltration (Floss, 
2002). Another alternative to minimize the effect of limited water in crop production is the use of crops with 
deep rooting system to explore a larger volume of soil in search for water and nutrients (Alvarenga & Cruz, 
2003). In tropical conditions, however, this may be limited due to the presence of toxic aluminum (Al3+) and low 
pH, conditions that may compromise the root development of maize and ultimately the ability of the plant to 
uptake water and nutrients. While this is solved with either the use of cultivars tolerant to Al3+ or with the use of 
lime and gypsum amendments (Zandoná et al., 2015), the rooting system of maize under Brazilian soil 
conditions is reported to range from 0.4 to 0.5 m (Resende & Albuquerque, 2002). 

Few studies have been conducted to evaluate the interaction crop x weather conditions (Zandoná et al., 2015). 
Accordingly, crop models may be used to advance our understanding on the effect of weather and climate on 
growth and yield of crops. This study combined field research results and the Cropping System Model (CSM)-
CERES-Maize (Jones et al., 1986) of the Decision Support System for Agrotechnology Transfer, DSSAT 
(Jones et al., 2003). DSSAT consists of a set of process-based models for various crops, which provides 
routines for assessing the interaction of plant with soil, climate and crop management practices. The models of 
DSSAT have been successfully used worldwide to evaluate the effectiveness of management strategies to 
mitigate the effects of climate change on maize (Amaral et al, 2014; Silva et al, 2014; Souza et al, 2014; Babel 
& Turyatunga, 2015; Kassie et al, 2015). 

The goal of this study was to evaluate the effectiveness of management practice to mitigate the effects of 
limited water in maize grown off-season in Central-West Brazil. The specific objectives were to a) evaluate the 
individual and combined effect of residue x root depth x N rates on yield and b) determine the best 
management practices to improve the yield of off-season maize. 

 

Material and methods 
The approach 

This study was conducted using field research results and modeling. For the former, results from eight 
experimental trials conducted in Sete Lagoas, Papagaios, and Patos de Minas, state of Minas Gerais, Brazil, 
obtained under  optimum conditions of growth, were used to parameterize the model. Results from seve field 
trials conducted in the same counties of Minas Gerais and in Paracatu, Minas Gerais and Rio Verde, state of 
Goias, Brazil, were used for evaluation. For the latter, the CSM-CERES-MAIZE model (JONES et al., 1986) of 
DSSAT (Jones et al., 2003; HOOGENBOOM et al., 2014), was used to simulate maize production under 
conditions in Rio Verde, State of Goias, located in the Central-West region of Brazil, characterized as one of 
the most important off-season maize production areas in the country.  

The climate of the region is characterized as Aw, (Koppen-Geiger, 1936), featuring this region as Tropical with 
a dry winter (Cardoso et al., 2014). The monthly average maximum temperature can be as high as 32.5°C in 
October and the monthly average minimum temperature can be as low as 13.1°C in July (Figure 1A). Rainfall 
occurs in all months of the year; March is the wettest with an average of 261 mm and July the driest with an 
average of 16 mm. The average annual rainfall is 1630 mm (Figure 1B). Average solar radiation ranges from 
14.1 to 20.3 MJ m-2 day-1 in June and November, respectively (Figure 1C). While the conditions to grow off-
season maize seem to fulfill the requirements of the crop, the inter-annual and intra-seasonal weather 
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variability in the region is an actual risk to crop failure due to limited water supply. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Long-term (33 years) average daily maximu m, minimum and air temperature (A), solar radiation  (B) and rainfall (C) in 
Rio Verde, Goias, Brazil.  

The soil fertility and the water holding capacity of a representative soil profile of Rio Verde were used as input 
to the model (Table 1). The soil density ranged from 950 to 1004 kg m-3, with the largest value observed in the 
0-0.10 m layer. The soil available water was around 8 mm in all layers. The soil-water availability to a depth of 
0.4 m, which encompasses most of the maize rooting system (Rhoads & Bennett, 1990), was 32 mm. The 
cumulative sum of bases in the 0-0.40 m layer was 4.23 cmolc dm-3, a reference of suitable soil fertility. The pH 
in water in all soil profile layers varied from 5.1 to 5.7, representing an average acidity condition in the region 
(Ribeiro et al., 1999). 
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Layer base 
depth (m) 

Lower limit 

 (m3 m-3) 

Upper limit  

(m3 m-3) 

Saturation 

 (m3 m-3) 
pH in water Bulk density 

(kg m-3) 

0.10 0.237 0.317 0.40 5.7 1004 

0.20 0.223 0.297 0.37 5.6 970 

0.40 0.218 0.300 0.37 5.2 950 

0.70 0.211 0.289 0.38 5.1 960 

1.00 0.213 0.292 0.38 5.3 980 

Layer base 
depth (m) 

Organic 
carbon  

(%) 

Total nitrogen 
(%) 

P Mehlich  
(mg/dm3) 

Ca 
(cmolc/dm3) 

Mg 
(cmolc/dm3) 

0.10 1.6 0.13 7.86 2.21 0.32 

0.20 1.6 0.13 12.86 0.87 0.07 

0.40 1.2 0.11 1.34 0.39 0.01 

0.70 0.9 0.10 0.42 0.39 0.01 

1.00 0.7 0.09 0.22 0.30 0.00 

Layer base 
depth (m) K (mg/dm3) 

Sum of bases 
(cmolc/dm3) 

Cation 
exchange 
capacity 

(cmolc/dm3) 

Base 
saturation (%) 

Aluminium 
saturation (%) 

0.10 50.09 2.66 6.86 38.75 0.54 

0.20 44.84 1.06 5.66 18.24 14.56 

0.40 40.82 0.51 4.88 10.39 20.63 

0.70 31.44 0.48 3.65 12.88 22.86 

1.00 22.54 0.36 2.43 14.72 1.44 

 

Modeling off-season maize production 

The CSM-CERES-Maize model of DSSAT version 4.6 (Hoogenboom et al., 2014), previously parameterized 
and evaluated for the cultivar DKB390PRO, was used to simulate the yield of maize sown after soybean during 
three sowing dates recommended by the Climate Risk Zoning (ZRC) of the Brazilian Ministry of Agriculture 
(MAPA, 2014), including January 2, 9, and 16. The simulations were conducted for a period of 33 years, from 
1980 to 2013. The model was set to simulate a typical off-season maize production system. Maize was sown in 
0.5 m row space and 50,000 plants ha-1. The simulations begin a month before the sowing date so that the 
model could perform the soil-water balance and estimate more accurately the initial soil-moisture conditions. 

Simulation data 

A series of 33 years of daily minimum and maximum temperature, precipitation and sunlight hours was 
obtained from the Brazilian National Institute of Meteorology (INMET). The data were checked for consistency, 
the Weatherman tool (Pickering et al., 1994) of DSSAT was used to fill in missing data for periods smaller than 
seven days. Missing data for longer periods were completed with data from the nearest weather station with 
similar elevation. The incident solar radiation was estimated from daily data of sunlight hours using the 
equation of Angstrom-Prescott (Angstrom, 1924; Prescott, 1940), implemented in Weatherman. 

Table 1 . Soil profile characteristics of the experimental area of the University of Rio Verde, 
Brazil. 
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Simulated Scenarios 

The simulated scenarios consisted on the combination of maize cultivars with different rooting depths, different 
amounts of residue on the soil surface, and two rates of N fertilization, generating a combination of 18 
scenarios. 

The scenario of shallow root depth  represents a maize cultivar with a root depth of 0.30 m(Rd30) and was 
used as a proxy to simulated a cultivar with little tolerance to Al3+ and to low pH; the scenario of average root 
depth corresponds to a cultivar with a root depth of 0.50 m(Rd50)  typical of maize grown in the region 
(baseline); the scenario of deep root depth  corresponds to a cultivar with a root depth of 0.70 m (Rd70), which 
corresponds to a cultivar with a rooting system expected on amended  soils.  

The no residue scenario (Res0) represents  a non-suitable tillage system; the 3.5 t ha-1 (Res3.5) of residue on 
the soil surface represents a typical no-tillage system currently used in Central-West of Brazil (baseline 
scenario); the scenario of 5 t ha-1 (Res5) of residue represents an improved no-tillage system. 

Each combination of root depth residue scenario was subjected to two scenarios of nitrogen fertilization rates: 
recommended N rate (NL) for off-season maize corresponding to  32 kg ha-1 of N as mono-ammonium 
phosphate (MAP) at sowing plus 28 kg ha-1 of N, as urea sidedressed 25 days after sowing and  high N rate 
(NH) recommended for high productivity goals and consisting of 40 kg ha-1 of N as MAP at sowing plus 300 kg 
ha-1 of N as urea split sidedressed at 25 and 40 days after sowing (Table 2).  

Statistical Analysis 

We analyzed the simulated average yield data and the average yield changes of each scenario as compared to 
the baseline.  Results were analyzed as a randomized block in 3x3x2 factorial (rooting depth x amount of 
residue x N rate). The statistical program SISVAR 5.4 (Ferreira, 2011) was used to determine the effect of each 
treatment and the interactions as well as to run an analysis of variance. Means were separatred using the 
Tukey test at alpha = 5%.  

Results and discussion 

Maize yield was affected by the amount of residue left on the soil surface, by the depth of the rooting system of 
the cultivar used and by the rate of nitrogen used (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Yield and yield change for different scen arios of amount of residue at the soil surface, roo ting system depth, and 
nitrogen fertilization rate. 
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As compared to the baseline (Res3.5Rd50), the use of a cultivar with a shallow root depth (0.30 m) decreased 
yield by 45%; 49% and 59% for the scenarios of 5.0; 3.5 and 0 t ha-1 of residue, respectively (Figure 3). For 
scenarios of no residue, the use of cultivars with mid (0.5 m) to deep (0.7 m) root depths reduced the maize 
yield by 15.0% and 8.5%, respectively, as compared to the baseline. In contrast, the association of a cultivar 
with deeper rooting system and higher amounts of residue on the soil surface has the potential to increase 
yield by 10.0% (Figure 3), which was found to be the best scenario to reduce the risks of low off-season yield 
associate to limited soil water in the region. Our simulated results are in agreement with field research in the 
region reporting that crops with deep root system have better access to soil water (Alvarenga & Cruz, 2003). 
Our results are also in agreement with a modeling study that evaluated the consequences of climate change on 
maize production for conditions in Sete Lagoas, Minas Gerais; the authors report that keeping crop residue on 
the soil surface and using cultivars with deeper rooting system have the potential to mitigate the consequences 
of low precipitation (Souza et al., 2014). 

For the high N rate treatment, as compared to the baseline (Res3.5Rd50), yield of shallow root depth maize 
with increased residue on the soil surface (from 0 to 3.5 and to 5.0 t ha-1 was reduced by 21%, 18% and 17%, 
respectively (Figure 3). Our simulation results indicate that high nitrogen rate have little to no response on the 
amount of residue left on the soil surface when using cultivars with root depths of 0.5 or 0.7 m. Our results 
indicate that keeping crop residue on the soil surface is more important if using shallow root depth cultivars or 
in situations where the soil amendment for Al or low pH is less than desirable. In addition, the residue will 
preserve the soil moisture minimizing the negative effects of limited water (Peres et al., 2010). 

Maize responded to both, residue left on the soil surface and to root depth to each scenario of nitrogen 
fertilization. The yield reduction due to the use of cultivars with shallow rooting system associated with little 
residue on the soil surface was significantly higher in the scenario of low nitrogen rate as compared to that of 
high nitrogen rate. 

Our results indicate a large inter-annual yield variability, represented by the high amplitude between the 
maximum and minimum simulated yield (Figure 3). Although the yield variability was lower for scenarios of 
shallow root depth, the median yield was considerably lower as compared to scenarios of 0.5 m and 0.7 m root 
depth. The use of high nitrogen fertilizer rates favored the increment of yield in all root depth and of residue 
scenarios. However, the crop response to nitrogen fertilization was higher in scenarios of cultivars with shallow 
rooting system and small amount of residue on the soil surface as compared to the other scenarios. In years 
with favorable soil water conditions, all cultivar responded to the application of higher nitrogen rate, increasing 
variability of yield. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Variability of maize grain yield for diff erent scenarios of root depth, crop residue left on  the soil surface, and nitrogen 
rate. 

In years with favorable weather conditions, maize tended to respond better to nitrogen fertilization and to have 
a higher water use efficiency. Similar results were obtained by Bonfim-Silva et al. (2007), who evaluated the 
response of grass pasture to S and N fertilization in degraded soil and concluded that the fertilization 
contributed positively to the recovery of the grass crop increasing the leaf area and dry matter, and improving 
the efficiency of water use. Maize usually responds to nitrogen fertilization; rather than strategies like split 
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applications, evidences in the region show that better distribution of rainfall is more important for better yield 
(Ragagnin et al., 2010). 

The interaction between the rooting system depth and the amount of residue left on the soil surface were not 
significant at a 5% level (Table 2). Yield of cultivars with different root depth was not affected by the amount of 
residue left on the soil surface. The root depth x residue and root depth x N rate interactions were significant 
(alpha = 0.05) while the root depth x residue x N rate was not significant. 

 

Table 2  – Significance of F values for sources of 
variation of off-season maize yield. 

Variation Factor  Pr > F 

Root depth 0.0000* 

Residue 0.0000* 

N level 0.0000* 

Rd x Res 0.9319ns 

Rd x N 0.0000* 

Res x N 0.0000* 

Rd x Res x N 0.3755ns 

CV (%)  10.37 

Values Pr> Fc equal to or less than 0.05 indicates a significant difference at 5% probability. 

 

Table 3  – Yield of off season maize as affected by root depth and N rates.  

Root depth (m) 
N Level 

Low High 

0.3 2889 aA 5537 aB 

0.5 5683 bA 6770 bB 

0.7 6024 cA 6769 bB 

Within a colum (lower case) and within line (upper case), means with the same letter are not significanly different at 5% probability. 

 

The analysis of variance of treatments was decomposed to assess the root depth x N rate and residue x N rate 
interaction on yield (Tables 3 and 4). Significant differences on yield were found due to the interaction 
recommended N rate (low N) x root depth (Table 3). A cultivar with root depth of 0.7 m has the potential to yield 
6024 kg ha-1. Our results indicate that stimulating root growth by using cultivars tolerant to Al+++ or properly 
amending the soil is crucial to improve yield. On the other hand, significant differences on yield were observed 
with high N rate only for root depth from 0.3 m to 0.5 m. These results indicate the importance of proper soil 
amendment for suitable off-season maize yield since a high N rate could not compensate for an inadequate soil 
amendment. Regardless of the root depth, maize significantly responded to high N rates, suggesting that some 
adjustment on the fertilization levels for the off-season maize might be required.  

Significant differences on yield were found due to the residue x N rate interaction (Table 4). For the 
recommended N rate (low N), the effect of residue on yield was significant while no differences were found for 
the high N rate. Regardless of the amount of crop residue left on the soil surface, the off-season maize crop 
positively responded the increment of N.  Our results indicate that the best tillage practice for a condition low N 



2016 ASABE Annual International Meeting Paper Page 9 

rate corresponds to that leaving 5 t ha-1 of residue in the soil surface. 

 

 

 

 

 

 

 

 
Within a colum (lower case) and within line (upper case), means with the same letter are not significanly different at 5% probability. 

 

Conclusions  

Our simulation approach indicate that off-season maize yield was affected by N rate, the amount of residue left 
by the previous soybean crop, and by the root depth of the cultivar used. Regardless of the amount of residue 
on the soil surface and on the root depth of the cultivar, maize responded to high N rate.  

For both low and high N rate scenarios, the off-season maize performed better with root depth of 0.5 m or 0.7 
m than cultivars with shallow root system, indicating that proper amendment of soils for Al+++ and pH or the 
use of cultivar tolerant to aluminum are both important strategies to improve yield.  

The recommended N rate used in off-season production positively responded to residue management but did 
not respond to high N rates.  

The yield reduction due to the interaction of cultivars with shallow root depth x little to no residue on the soil 
surface was considerably higher in the scenario of low N rate as compared to that of high N rate. 

Under a low N rate scenario, the combination of a cultivar with 0.5 m root depth with 5 t ha-1 of residue on the 
soil surface indicated to have potential to increase yield by 5.1%, while the use of a cultivar with a deep rooting 
system (0.7 m) with the same amount of residue may boost the yield by 10%.  

When cultivars with root depths of 0.5 m or 0.7 m were used, the higher fertilization did not lead to higher 
yields. 

The root depth x residue interaction was not significant; however, both showed significant interaction with N 
rates. 

 

 
 
 

 
 
 
 
 
 
 
 

Tabela 4  –   Yield of off season maize as affected by crop residue and N rates.  

Residue (t ha -1) 
N Level 

Low High 

0 4268aA 6261aB 

3.5 5034bA 6394aB 

5 5294cA 6421aB 
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