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The use of gypsum in a no-tillage system may be a feasible alternative for cultivating upland rice
because of its ability to move some nutrients to greater depth in the soil and thereby stimulate root
growth. Additionally, phosphorus is one of the nutrients that most limits crop production in the
Brazilian Cerrado. Thus, the objective of this work was to study the effect of combining gypsum
(applied to the soil surface without tillage) and phosphorus at sowing on soil attributes, plant height,
number of panicle m-1, seed mass, and grain yield in a no-tillage cultivation system. The experiment was
conducted using a randomized complete block experimental design with four replicates in a factorial
scheme of gypsum doses (0, 1000, 2000 and 3000 kg ha-1), phosphorus doses in the furrow (0, 50, 100
and 150 kg ha-1) and growing seasons (2011/2012 and 2012/2013). Gypsum applications provided
incremental increases in soil calcium and increased potassium levels in the deeper soil layers, but it did
not affect plant height, number of panicle m-1, or grain yield of upland rice cultivated under a no-tillage
system. Increasing doses of phosphorus applied at sowing resulted in a significant increase in the
plant height, number of panicles m-1 and grain yield.
Key words: Oryza sativa L., fertilization, Cerrado, leaching.

INTRODUCTION
Rice is a food that is part of the diet of half the world's
population (Kumar and Ladha, 2011), and most of this
grain is grown in Asia using a controlled-flooding
irrigation system (Farooq et al., 2009; Prasad, 2011).
However, the reduced availability of water resources for
irrigation of crops due to increasing industrial and human
consumption has generated a demand for alternatives in

the form of water-saving rice cultivation systems (Feng et
al., 2007). As alternatives, rice could be cultivated in
upland ecosystems, which can be sprinkler irrigated or
not irrigated depending on rainfall (Bouman et al., 2007;
Crusciol et al., 2013; Nascente et al., 2013). As a
component of these alternative cultivation methods, the
no-tillage system (NTS), due to its characteristic of
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maintaining a covering of straw over the soil, could bring
advancements to rice production as a result of greater
retention of water in the soil.
In a NTS, adequately managing soil fertility at depth
layers is important to ensuring the system's sustainability
(Silva and Lemos, 2008). To this, gypsum (CaSO4.2H2O)
could be used for improving the root environment in deep
soil layers (Santos et al., 2006). This product is a soil
conditioner and his moderately soluble (2.5 g L-1). It can
provide Ca2+ and SO42- ions in solution, which can be
leached, thereby enriching subsoil layers with both
nutrients and reducing the saturation of Al3+ at depth
layers (Alcordo and Rechcigl, 1993). Thus, gypsum use
could allow the development of roots in deep layers of the
soil, thereby increasing the volume of explored soil and,
consequently, the tolerance of plants to drought (Sousa
et al., 2005). The successful use of gypsum to enhance
the root environment has been implemented extensively
in the Brazilian Cerrado region, where approximately
80% of the area has some type of subsoil acidity and a
high incidence of dry periods, especially in the months of
January and February, which are critical for the
development of summer crops (Ramos et al., 2006;
Caires et al., 2008). Moreover, gypsum can be found in
many parts of the world and often has a low commercial
cost for farmers (Melo et al., 2008).
Among the primary macronutrients, phosphorus (P) is
the nutrient least required by rice crops; however, it is
highly exported in harvested grains crops (Soratto et al.,
2010; Fageria et al., 2011) and is less abundant in most
tropical Brazilian soils. Its deficiency in Cerrado soils is
due to a low natural content and a high fixation capacity
(Fageria et al., 2011). This nutrient also has a significant
effect on root growth and grain yield of rice (Crusciol et
al., 2005).
For upland rice, data on the combined application of
gypsum and P are still scarce with regard to soil
management carried out in an NTS. Thus, the objective
of this work was to determine the effect of the
combination of gypsum applied to the soil surface without
tillage and P applied in the sowing furrow on soil
attributes, plant height, number of panicles m-1, seed
mass, and grain yield of upland rice.
MATERIALS AND METHODS
The experiments were conducted at Fazenda Capivara at Embrapa
Rice and Beans, which is located in Santo Antônio de Goiás, GO,
Brazil, at 16º28'00" S and 49º17'00" W and an altitude of 823 m.
The climate is tropical savanna and is considered Aw according to
the Köppen classification. There are two well-defined seasons, one
normally dry season from May to September (autumn/winter) and
one rainy season from October to April (spring/summer). The
average annual rainfall is between 1500 to 1700 mm, and the
average annual temperature is 22.7°C, ranging annually from 14.2
to 34.8°C. During the two growing seasons in the present study,
there was no problem with dry periods.
The soil is classified as a clay loam (kaolinitic, thermic Typic
Haplorthox) acidic soil (Embrapa, 2006). Prior to the experiment, in

2010, chemical analysis was performed in the depth ranges 0 to 10,
10 to 20 and 20 to 40 cm for the characterization of the
experimental area (Table 1). The chemical analyses were
performed according to the methodology proposed by Claessen
(1997). The soil pH was determined in water. Exchangeable Ca,
Mg, and Al were extracted with neutral 1 mol L–1 KCl in a 1:10
soil:solution ratio and determined by titration with a 0.025 mol L–1
NaOH solution. Phosphorus and exchangeable K were extracted
with a Mehlich 1 extracting solution (0.05 M HCl in 0.0125 M
H2SO4). The extracts were colorimetrically analyzed for P, and
flame photometry was used to analyze K. The base saturation
values were calculated using the results from exchangeable bases
and total acidity at pH 7.0 (H + Al). Organic matter was determined
by wet combustion with external heat.
The experimental area had been cultivated in crop-livestock
rotation using a no-tillage system (NTS) for seven consecutive
years. The rotation program included soybean (Glycine max)
(summer), followed by rice (Oryza sativa) (summer) and common
bean (Phaseolus vulgaris) (winter), followed by corn (Zea mays) +
Urochloa brizantha (summer) and two years of grazing pasture.
Installation of the current experiments in both years was conducted
in plots where upland rice was the crop to be grown as part of the
established program of crop rotation.
The experimental design was a randomized complete block in a
4 × 4 × 2 factorial scheme with four replications. The treatments
consisted of combinations of gypsum (0, 1000, 2000 and 3000 kg
ha-1 applied in both years), P in the sowing furrow (0, 50, 100 and
150 kg of P2O5 ha-1 applied in both years) and growing seasons
(2011/2012 and 2012/2013). The plots consisted of 10 five-meterlong rows, spaced 0.35 m apart. The useful area of each plot was
formed by the nine central m of the six central rows.
Approximately 15 days before sowing, the experimental area was
cleared of weeds with glyphosate + 2,4D. The gypsum application
(17% S and 22% Ca) was broadcast on the surface of one day
before rice sowing. Based on soil analysis, the recommended P
dose for the rice crop was estimated to be 100 kg ha-1 (Sousa and
Lobato, 2004). The base fertilization applied in the sowing furrows
was calculated according to the soil chemical characteristics and
the recommendations of Sousa and Lobato (2004). The fertilizer
consisted of 40 kg ha-1 of N as urea and 50 kg ha-1 of K2O as KCl
and was applied together with P2O5 as triple superphosphate at
sowing. Additionally, topdressing fertilization was performed 21
days after crop emergence using 40 kg ha-1 of N as urea.
The sowing was performed mechanically using 80 kg ha-1 of rice
seeds from a mutant line 07SEQCL441 CL that was derived from a
Primavera variety and was resistant to Imazapyr + Imazapic
herbicide. The seed was sown on December 15th, 2011 and
November 1st, 2012 in the first and second growing seasons,
respectively. Before sowing, seeds were treated with Carboxin +
Tiram (250 mL 100 kg of seeds-1) + Fipronil (100 mL 100 kg of
seeds-1). Weed control was accomplished using Imazapyr +
Imazapic herbicide applied at 16 (100 g ha-1) and 26 (50 g ha-1)
days after crop emergence. Other cultural practices were performed
according to standard recommendations for a rice crop to keep the
area free of diseases and insects.
The soil strata were sampled four months after gypsum
application in the first season (14/03/2012), in 0-0.10, 0.10-0.20 and
0.20-0.40 m soil layers. Fifteen simple disturbed samples were
collected using a screw auger, randomized in each plot and for
each depth (five in the sowing row and 10 in the inter-rows), to
constitute the work samples. The work samples were air dried,
sieved (2 mm mesh), and subsequently analyzed for pH (water) and
for exchangeable Al, Ca, Mg and K as described previously.
In addition, the plots were evaluated with regard to: plant height
(m), which was determined by measuring 10 plants per plot at the
time when the crop was at the phonological stage of pasty grains
and recording the distance between the soil surface and the top
end of the highest panicle; number of panicles m-1 which was
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Table 1. Chemical characteristics of the soil in the total experimental area prior to the experiment, in the growing season
2010/2011.

Depth
cm
0-10
10-20
20-40

pH
Water
5.7
5.8
5.9

SOM¹
g dm-3
27
26
23
2

P
mg dm-3
15
16
8

Al
0.0
0.0
0.0

H+Al
K
Ca
Mg
-3
-----------------------mmolc dm -------------------40
2.0
17
12
37
0.6
18
13
34
0.6
12
9

CEC2
71.0
68.9
55.6

V3
%
44
46
39

3

¹SOM, soil organic matter; CEC, Cation exchange capacity; V = (K+Mg+Ca/ H+Al+K+Mg+Ca) * 100.

determined by counting the number of panicles within 1.0 linear m
of one of the rows in the useful area of each plot; mass of 1000
grains which was evaluated randomly by collecting and weighing
two samples of 100 grains from each plot, corrected to 13% of
water content; and grain yield which was determined by weighing
the harvested grain of each plot, corrected to 13% of water content
and converted to kg ha-1.
For statistical analysis, SAS Statistical Software, SAS Institute,
Cary, NC, USA (SAS, 1999) was used. Data were subjected to an
analysis of variance and, when necessary, compared by a Tukey
test at p<0.05. When rates of gypsum and P were significant, the
results were submitted to regression analysis at p<0.05.

RESULTS AND DISCUSSION
Gypsum applications did not result in statistical significant
changes in pH, Mg, Al or P attributes (Table 2). However,
it caused significant changes in the Ca content of the 0 to
0.10 and 0.10 to 0.20 m layers, and in the K content of
the 0 to 0.10, 0.10 to 0.20 and 0.20 to 0.40 m layers.
Based on these results, the Ca data were fitted with
quadratic equations (Figure 1). According to Caires et al.
(2004), the application of gypsum can provide an
increase in the exchangeable Ca content of the soil.
Rocha et al. (2008) reported that a 30-day interval after
gypsum application was enough to increase the
exchangeable Ca content of the deepest soil layer (0.80
m), even when gypsum was broadcast without
incorporation in an Oxisol. Soratto and Crusciol (2008)
also reported increases in Ca at depth 12 m after gypsum
application in an Oxisol.
Through the results obtained in this work, it was
observed that there was a reduction in K levels in all
layers evaluated. Based on this observation, it was
possible to infer that the leaching of K to deeper layers of
the soil (> 0.40 m) was caused by the application of
higher doses of gypsum (Figure 2). Similar results have
been reported by other authors (Caires et al., 1998).
According to Caires et al. (2004) and Santos et al.
(2013), gypsum application may result in movement of
nutrients to deeper soil layers and may also be
responsible for nutrient losses, especially a loss of Mg
and K, because of the interaction with SO4-.
Plant height measurements showed no effects of
gypsum application (Table 3). Similar results were
obtained by Oliveira et al. (2009) when studying the effect
of gypsum on the development of Brachiaria humidicola.

The authors explained the results as being due to the low
Ca requirement of that forage which is similar to that of a
rice crops (Fageria et al., 2011). In contrast, P application
positively affected plant height (Table 2), and thus, the
data were fitted to a quadratic equation (Figure 3).
Likewise, Tonello et al. (2012) observed a significant
increase in plant height due to the application of
increasing P. Garcia et al. (2009) reported significant and
positive effects of increasing P on seedling growth in
upland rice. According to Fageria et al. (2011), P is the
nutrient that most limits crop development, especially in
soils of low fertility, such as those of the Brazilian
Cerrado, and supplying P, results in improvements in
plant growth.
For yield components and grain yield, it was observed
that gypsum application did not affect any of the
evaluated parameters (Table 3). Santos et al. (2013) also
did not observe responses in grain yield when analyzing
the effects of gypsum application on two Pennisetum
purpureum varieties. Similarly, Gomes et al. (2000) found
no effect of gypsum applications of up to 20 Mg ha-1 on
rice. Additionally, Soratto et al. (2010) did not observe
increases in upland rice grain yield as a function of
gypsum dose. The results of the present study is
supported by the findings of previous studies indicating
that rice is undemanding with regard to Ca as reported by
Fageria et al. (2011).
The results of the present study which were repeated
for two consecutive years could reflect this soil does not
need Ca or SO4-. According to Sousa et al. (2005), using
soil analysis results from 0.20 to 0.40 m layer, if Al
saturation exceeds 20% or if Ca amount is less than 5
mmolc dm-3, it is possible to see a response to gypsum
application. The experimental area used in this work, in
both years, had low Al saturation, and Ca values were
higher than 5 mmolc dm-3 at 0.20 to 0.40 m (Table 1).
Under these conditions, the absence or low response to
gypsum application in the development of agricultural
crops could be expected, especially for rice crop which
shows low demand for Ca. In addition, according to
Sousa et al. (2005), in places with dry periods during the
growing season, it is possible to identify effects of
gypsum application on growing plants. We did not have a
problem with dry periods which could be another reason
and we did not observe any effects from gypsum.
Based on the results, one could question whether the
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Table 2. Chemical characteristics of the soil cultivated with upland rice in a no-tillage system with regard to phosphorus dose,
gypsum doses and sampling depth in the growing season 2011/2012.

0-0.10 m depth*
Treatments
Gypsum doses (kg ha-1)
0
1000
2000
3000

6.37
6.26
6.41
6.15

Phosphorus doses (kg ha-1)
0
50
100
150

6.35
6.36
6.25
6.25

37.40
37.71
39.31
35.79

0.1291
0.4835
0.9503

0.0403
0.6672
0.9438

Gypsum doses (kg ha-1)
0
1000
2000
3000

6.22
6.12
6.33
6.11

24.43
26.97
27.39
28.51

11.58
10.84
12.32
10.95

0.10
0.00
0.00
0.07

9.76
8.79
8.32
6.06

84.33
76.47
71.93
66.14

Phosphorus doses (kg ha-1)
0
50
100
150

6.19
6.21
6.18
6.19

27.30
25.91
27.89
25.40

11.41
11.22
11.20
11.55

0.09
0.07
0.00
0.00

11.39
5.76
7.10
7.30

82.18
76.21
77.85
73.60

0.1912
0.6080
0.9160

0.0434
0.8629
0.9849

0.4177
0.9386
0.7999

0.0441
0.4567
0.3166

Gypsum doses (kg ha-1)
0
1000
2000
3000

6.18
6.08
6.27
6.02

18.93
15.97
20.30
17.98

7.75
7.08
8.59
7.30

0.05
0.00
0.00
0.23

3.95
2.23
12.84
1.83

89.57
89.13
76.57
68.54

Phosphorus doses (kg ha-1)
0
50
100
150

6.15
6.09
6.17
6.16

18.41
17.46
20.39
17.47

7.76
7.51
7.81
7.85

0.14
0.00
0.00
0.07

10.40
2.15
2.42
2.13

87.95
82.07
82.77
81.93

0.1791
0.1698
0.2241

0.0325
0.9965
0.1589

Factors
Gypsum (G)
Phosphorus (P)
G×P
0.10-0.20 m depth

Factors
Gypsum (G)
Phosphorus (P)
G×P
0.20-0.40 m depth

Factors
Gypsum (G)
Phosphorus (P)
G×P

pH

0.1110
0.7937
0.8432

Ca
Mg
Al
---------------mmolc dm-3----------------34.94
17.10
0.14
38.53
17.04
0.00
39.00
14.98
0.79
41.09
14.31
0.07
16.50
15.38
15.87
15.87

0.05
0.86
0.00
0.13

P
K
---------mg dm-3-------15.79
78.10
12.57
68.53
15.68
67.00
11.20
65.93
14.74
15.02
13.33
12.56

ANOVA – Probability of F test
0.3817
0.8378
0.5741
0.4392
0.4274
0.8356
0.8174
0.1519
0.87989

ANOVA – Probability of F test
0.3381
0.6384
0.9325
0.5240
0.3617
0.6151

ANOVA – Probability of F test
0.3564
0.2407
0.1497
0.6629
0.6747
0.2128
0.7252
0.6812
0.7297

*Samples were collected 120 days after phosphorus and gypsum application.

76.23
65.71
73.85
68.53
0.0490
0.3756
0.4367
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Figure 1. Calcium levels in the soil at depths of 0-0.10 and 0.10-0.20 m in relation to gypsum
dose. 2011/2012 growing season.

experimental area was the right choice. However, it
appears that this area is representative of those used for
growing maize and soybeans in the Cerrado soil, which
are naturally acid with low levels of bases (K, Ca and Mg)
but after many years using liming and fertilizers by
farmers provided high base saturation and fertility to the
soil (Oliveira-Júnior et al., 2011; Montezano et al., 2006).
Thus, these results are an important guide for farmers; in
corrected soils with low subsurface Al and adequate Ca
levels (>5 mmol dm-3) gypsum application is not
necessary.
Considering the result obtained, what could be
expected in relation to gypsum application and that

upland rice is considered a high-risk crop because it is a
high-water-demand crop (Crusciol et al., 2013), there are
some concerns about the cultivation of upland rice. The
use of gypsum could help to reduce the subsurface Al
concentration and increase Ca levels to stimulate root
development at depth (Ritchey et al., 1982). In a NTS,
due to the concentration of nutrients, organic matter and
moisture in the first few centimeters of the soil, the rice
root system tends to concentrate superficially (Nascente
et al., 2013). Thus, the rice plant which has a higher
demand for water than other crops, such as soybeans
and maize, and has a less developed root system,
becomes more subject to water stress and absorbs less

Afr. J. Agric. Res.
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Figure 2. Potassium levels in the soil at depths of 0-0.10, 0.10-0.20 and 0.20-0.40
m as a function of gypsum rates 2011/2012 growing season.
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Table 3. Plant height, number of panicles m-1, mass of 1000 grains and grain yield for upland rice cultivated in a no-tillage
system in relation to phosphorus dose, gypsum dose and growing season (2011/2012 and 2012/2013).

Factors of Gypsum
doses (kg ha-1)

Plant height
(cm)
104.5
105.0
102.8
108.0

Number of panicles
(m-1) Number
101.91
101.00
103.30
102.31

Mass of 1000 grains
(Grams)
25.25
25.21
24.90
25.19

Grain yield
(kg ha-1)
5092
4993
4860
5133

103.8
104.4
105.0
107.4

101.64
103.13
103.36
103.81

25.26
24.98
25.09
24.93

4735
4970
5103
5207

Growing seasons
2011/2012
2012/2013

105.4a1
104.8a

90.1b
115.9a

25.17a
24.97a

4157.7b
5849.7a

Factors
Growing seasons (GS)
Phosphorus (P)
Gypsum (G)
GS x P
GS x G
PxG
G x P x GS

0.4828
0.0388
0.1003
0.9030
0.9873
0.0521
0.9980

ANOVA – Probability of F test
<0.001
0.1772
0.0155
0.3594
0.7551
0.1943
0.6866
0.4303
0.4000
0.9219
0.6440
0.5551
0.5359
0.5231

<0.001
0.0386
0.7606
0.7613
0.6564
0.8766
0.9049

0
1000
2000
3000
Phosphorus doses (kg ha-1)
0
50
100
150

Plant height (cm)

¹Means followed by the same letter do not differ by the Tukey test for p<0.05.

P2O5 rates
Figure 3. Rice plant height as a function of phosphorus rates applied in the sowing furrow.
Average of two growing seasons.
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Figure 4. Rice number of panicles m-1 as a function of phosphorus rates applied in the
sowing furrow. Average of two growing seasons.

P2O5 rates
Figure 5. Rice grain yield as a function of phosphorus rates applied in the sowing furrow.
Average of two growing seasons.

nutrients, which could cause grain yield reductions
(Kluthcouski et al., 2000; Guimarães et al., 2006). As no
effect of gypsum was observed in this study, it is possible
that the rice root system had not developed in depth,
thus, other strategies must be studied with regard to
deepening rice root systems and, consequently,
increasing the plant’s drought resistance.
With respect to P levels, there were significant effects
on the number of panicles m-1 and grain yield (Table 3).
Thus, the data were fitted to quadratic equations for
these two parameters (Figures 4 and 5). Crusciol et al.
(2005) evaluated four upland rice varieties and also
observed significant increases in crop production due to
increased P availability. It is important to highlight that
grain yield results were close to 5000 kg ha-1 in all

treatments, even in the treatment with no P, and this is
considered a high yield for upland rice. This result is
probably due to the high level of P in the soil (Table 1),
which had a significant effect on the rice grain yield.
According to Fageria et al. (2011), P in the soil directly
affects tillering, root development, number of panicles m-1
and the grain yield of rice crops.
Regarding growing seasons when evaluating grain
yield and its component results in the second year, a
higher number of panicles m-1 was observed than in the
previous growing season (Table 3). Similarly, as rice
grain yield is determined by the yield components,
including the number of panicles m-1 (Yoshida, 1981),
higher grain yields were also observed in 2012/2013
growing season.

Nascente et al.

The results of this experiment allowed us to infer that for
the evaluated conditions (absence of Al toxicity in depth),
P was more important for the development of the crop
than gypsum. In Cerrado soils, which exhibit low natural
fertility, it is common to find nutrient deficiencies,
although with the development of agriculture in the
region, corrected and high fertility soils can be found.
Therefore, it is important to evaluate the initial fertility of
each area with the objective of determining the real need
for crop fertilization. Phosphorus, however, due to its high
fixation in Cerrado soils, still has a high probability of
response, and its doses should be adjusted to yield
expectations to make its use profitable.

Conclusion
The application of gypsum provided incremental
increases in Ca levels in addition to increased levels of K
in deeper soil layers and did not affect plant height, yield
components or grain yield of upland rice cultivated in a
no-tillage system. By contrast, the application of
increasing doses of P at sowing gave a significant
increase in plant height, number of panicles m-1 and grain
yield of upland rice cultivated in a no-tillage system.

Conflict of Interest
The authors have not declared any conflict of interest.
REFERENCES
Alcordo IS, Rechcigl JE (1993). Phosphogypsum in agriculture: A
review. Advan. Agron. 49:55-118. http://dx.doi.org/10.1016/S00652113(08)60793-2
Bouman BAM, Feng L, Tuong TP, Lu G, Wang H, Feng Y (2007).
Exploring options to grow rice using less water in northern China
using a modeling approach II: Quantifying yield, water balance
components, and water productivity. Agric. Water Manage. 88:23-33.
http://dx.doi.org/10.1016/j.agwat.2006.10.005
Caires EF, Garbuio FJ, Churka S, Barth G, Corrêa JCL (2008) Effects
of soil acidity amelioration by surface liming on no-till corn, soybean,
and wheat root growth and yield. Eur. J. Agron. 28:57-64.
http://dx.doi.org/10.1016/j.eja.2007.05.002
Caires EF, Kusman MT, Barth G, Garbuio FJ, Padilha J M (2004).
Changes in soil chemical properties and corn respose to lime and
gypsum application. Rev. Bras. Cien. Solo 28:125-136.
http://dx.doi.org/10.1590/S0100-06832004000100013
Caires EF, Chueiri WA, Madruga EF, Figueiredo A (1998). Changes in
soil chemical characteristics by surface application of lime and
gypsum and soybean response in no-tillage system. Rev. Bras.
Cienc.
Solo
22:27-34.
http://dx.doi.org/10.1590/S010006831998000100004
Claessen MEC (1997). Manual de métodos de análise de solo. 2ª ed.
Rio de Janeiro, EMBRAPA-CNPS. (EMBRAPA-CNPS. Documentos,
1). P. 212.
Crusciol CAC, Mauad M, Alvarez RCF, Lima EV, Tiritan CS (2005).
Phosphorus doses and root growth of upland rice. Bragantia 64:643649.
Crusciol CAC, Soratto RP, Nascente AS, Arf O (2013). Root
distribution, nutrient uptake, and yield of two upland rice cultivars
under two water regimes. Agron. J. 105:237-247.

3653

http://dx.doi.org/10.2134/agronj2012.0298
Embrapa (2006). Centro Nacional de Pesquisa de Solos. Sistema
Brasileiro de Classificação de Solos. 2 ed. Rio de Janeiro: Embrapa
Solos, P. 306.
Fageria NK, Baligar VC, Jones CA (2011). Growth and mineral nutrition
of field crops. 3 ed. Boca Raton: CRC Press, P. 586.
Farooq M, Kobayashi N, Wahid A, Ito O, Basra SMA (2009). Strategies
for producing more rice with less water. Adv. Agron. 101:351-389.
http://dx.doi.org/10.1016/S0065-2113(08)00806-7
Feng LP, Bouman BAM, Tuong TP, Cabangon RJ, Li YL, Lu GA, Feng
YH (2007). Exploring options to grow rice under water-short
conditions in northern China using a modeling approach. I: field
experiments and model evaluation. Agric. Water Manage. 88:1-13.
http://dx.doi.org/10.1016/j.agwat.2006.10.006
Garcia RA, Gazola E, Merlin A, Villas Bôas RK, Crusciol CAC (2009).
Shoot and root growth of upland rice as affected by phosphorus
fertilization and biostimulant. Biosci. J. 25:65-72.
Gomes EM, Gheyi HR, Silva EFF (2000). Improvement in chemical
properties of saline-sodic soil and rice yield under under different
treatments. Rev. Bras. Eng. Agric. Ambient. 4:355-361.
http://dx.doi.org/10.1590/S1415-43662000000300009
Guimarães CM, Stone LF, Castro EM (2006). Performance of upland
rice cultivars under no tillage system in two fertilization depths.
Biosci. J. 22:53-59.
Kluthcouski J, Fancelli AL, Dourado-Neto D, Ribeiro CM, Ferraro LA
(2000). Yield of soybean, corn, common bean and rice under notillage
management.
Scient.
Agric.
57:97-104.
http://dx.doi.org/10.1590/S0103-90162000000100016
Kumar V, Ladha JK (2011). Direct seeding of rice: recent developments
and future research needs. Adv. Agron. 111:297–396.
http://dx.doi.org/10.1016/B978-0-12-387689-8.00001-1
Melo RM, Barros MFC, Santos PM, Rolim MM (2008). Reclamation of
saline-sodic soils by application of mineral gypsum. Rev. Bras. Eng.
Agric.
Ambient.
12:376-380.
http://dx.doi.org/10.1590/S141543662008000400007
Montezano ZF, Corazza EJ, Muraoka T (2006). Spatial soil fertility
variability in a homogeneously managed corn field. Rev. Bras. Cien.
Solo 30:839-847.
Nascente AS, Crusciol CAC, Cobucci T (2013). The no-tillage system
and cover crops – alternatives to increase upland rice yields. Eur. J.
Agron. 45:124-131.http://dx.doi.org/10.1016/j.eja.2012.09.004
Oliveira-Júnior A, Prochnow LI, Klepker D (2011). Soybean yield in
response to application of phosphate rock associated with triple
superphosphate.
Sci.
Agric.
68:376-385.
http://dx.doi.org/10.1590/S0103-90162011000300016
Oliveira IP, Costa KAP, Faquin V, Maciel GA, Neves BP, Machado EL
(2009). Effects of calcium sources on grass growth in monoculture
and
intercropping.
Ciên.
Agrotec.
33:592598.http://dx.doi.org/10.1590/S1413-70542009000200036
Prasad R (2011). Aerobic rice systems. Adv. Agron. 111:207–236.
http://dx.doi.org/10.1016/B978-0-12-387689-8.00003-5
Ramos LA, Korndorfer GH, Pereira HS, Camargo MS (2006). Reactivity
of soil acidity correctives and conditioners in lysimeters. Rev. Bras.
Cien. Solo 30:849-857.
Ritchey KD, Silva SE, Costa VF (1982). Calcium deficiency in clayey B
horizons
of
savannah
Oxisols.
Soil
Sci.
133:378-382.
http://dx.doi.org/10.1097/00010694-198206000-00007
Rocha AT, Oliveira AT, Rodrigues NA, Lira Júnior MA, Freire FJ (2008).
Use of Araripe gypsum to improve sugarcane root environment. Rev.
Bras. Ci. Agr. 3:307-312.
Santos JR, Bicudo SJ, Nakagawa J, Albuquerque AW, Cardoso CL
(2006). Chemical properties of soil and productivity of corn affected
by amendments and soil management. Rev. Bras. Eng. Agric.
Ambient.
10:323-330.
http://dx.doi.org/10.1590/S141543662006000200011
Santos RL, Freire FJ, Azevedo VM, Rocha AT, Tavares JA (2013).
Yield of elephant grass and movement of cations as a function of
mined gypsum. Rev. Bras. Eng. Agric. Ambient. 17:1030-1037.
http://dx.doi.org/10.1590/S1415-43662013001000002
SAS Institute (1999). Procedure guide for personal computers. Version
5. Cary.
Silva TRB, Lemos LB (2008). Effect of surface liming of a soil under no-

3654

Afr. J. Agric. Res.

tillage on water-soluble cations in the shoot of annual crops. Rev.
Bras. Cien. Solo 32:1199-1207. http://dx.doi.org/10.1590/S010006832008000300028
Soratto RP, Crusciol CAC (2008). Chemical soil attributes as affected
by lime and phosphogypsum surface application in a recently
established no-tillage system. Rev. Bras. Cien. Solo 32:675-688.
http://dx.doi.org/10.1590/S0100-06832008000200022
Soratto RP, Crusciol CAC, Mello FFC (2010). Yield components of rice
and bean cultivars as affected by lime and phosphogypsum applied
in
soil
surface.
Bragantia
69:965-974.
http://dx.doi.org/10.1590/S0006-87052010000400023
Sousa DMG, Lobato E (2004). Cerrado: correção do solo e adubação,
2nd ed. Planaltina: Embrapa Cerrados, P. 416.

Sousa DMG, Lobato E, Rein TA (2005). Uso de gesso
solos do Cerrado. Planaltina: Embrapa Cerrados, P.
Técnica, 32).
Tonello LP, Silva J, Ramos DP, Sousa SA, Fidelis
Phosphorus use efficiency of rice genotypes grown in
Rev. Verde Agroec. Desenv. Sust. 7:25-32.
Yoshida S (1981). Fundamentals of Rice Crop Science.
Ba-os. P. 269.

agrícola nos
19. (Circular
RR (2012).
upland soils.
Laguna, Los

