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A greenhouse experiment was conducted at University Putra Malaysia to evaluate the effects of magnesium (Mg) fertili-
zation on rice yield. Mg and potassium (K) uptake by rice at variable applied potassium levels. Two soils (Guar and Hutan
series), three Mg rates (0, 10 and 20 kg Mg ha™') and three K rates (0. 20 and 40 kg K,O ha™) were used in the study. Grain
and straw yields, total Mg and total K uptakes were significantly higher in Guar series compared to Hutan series. Potas-
sium effect was not significant on any of the parameters. Magnesium fertilization increased grain and straw yields, Mg
and K uptakes significantly in both the soils. Regression analysis indicated that estimated grain and straw yield responses
to added Mg were linear in nature in Guar series while these were quadratic in nature in Hutan series. Similar trends were
tound for total Mg and K uptakes. The findings of this study indicate that Mg fertilization should be done in Mg deficient

soils to increase rice yield.
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Introduction

Potassium is a primary essential element for all plants inclu-
ding rice and its requirement for rice is high (Sahrawat 2000).
Rice plant removes about 19 kg K for production of 1 tonne
rough rice including straw (De Datta 1981). Although wet-
land rice soils are well supplied with K, cropping without K
fertilization deplete K content of soil due to high amount of K
removal by rice plant and as a result rice crop suffers from K
deficiency (BRRI 1966: MARDI 1992, 1993). Magnesium is
another essential element for all plants including rice. A rice
crop removes about 4 kg Mg for the production of | tonne
rough rice including straw (De Datta 1981). Low supply of
Mg was reported to depress rice yield and cause iron defi-
ciency syndrome on strongly acid soils (Ponnamperuma and
Deturck 1993).

The largest rice growing area in Malaysia is located in Muda
Irrigation Scheme, Kedah that covers an area of about 95,000
ha. Recent studies showed that there is a tendency of yield
decline in many sites of this area due to Mg deficiency (Samy
ef al 1992). Investigations have shown that soils are dificient
in Mg in many locations of this irrigation scheme (Choudhury
and Khanif 1998, 2000). Jones et al (1982) reported that high
plant concentration of K restricted Mg uptake. Similar prob-
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lems may be encountered in Malaysian conditions. As some
Malaysian rice soils are deficient in Mg, it is essential to apply
Mg in order to meet crop requirement. But the magnitude of
Mg response may vary at different levels of applied K. With
this view in mind, the present study was undertaken to evalu-
ate the effects of Mg fertilization on rice yield, magnesium
and potassium uptake by rice at variable applied K levels.

Materials and Methods

Soils were collected from rice growing areas under Muda Irri-
gation Scheme, Kedah, about 500 km north of Kuala Lumpur.
Malaysia. Two soils (Guar and Hutan series) were used in the
study. Parent materials of Guar and Hutan series are marine
and riverine alluvium. respectively. The taxonomic class of
Guar series is Typic sulfaquept, very fine clayey, mixed. isohy-
perthermic. brown, On the otherhand the taxonomic class of
Hutan series is Aeric Plinthic kandiaqualt. fine clayey. kaoli-
nitic, isohyperthermic, pallid (Paramananthan 1998). Soil
samples were collected from 0-15 cm depth. The soils were
air dried, ground and sieved through 2-mm sieve. Soils were
analysed for organic carbon, pH. cation exchange capacity
(CEC), total N, available P, exchangeable K, Mg and Ca, avail-
able Zn and Cu. Properties of the soils are given in Table 1.
Organic carbon was analysed by potassium dichromate and
H,SO, digestion method (Walkley and Black 1934) and
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Table 1
Selected properties of the soils under study

Properties Guar  Hutan
Organic matter (%) 5.61 1.82
pH 3.2 3.6
Cation exchange capacity (cmol kg!) 13.48 715
Total N (%) 0.16 0.07
Available P (mg kg) 6.8 31.1
Exchangeable K (cmol kg') 032 0.13
Exchangeable Mg (cmol kg') 0.29 0.09
Exchangeable Ca (cmol kg') 2.09 1.93
Available Zn (mg kg™) 1.58 299
Available Cu (mg kg™ 0.15 3.10

organic matter was estimated by multiplying the value with
1.732. Soil pH (measured in H,0) was measured by glass
electrode (Peech 1965). Total N was determined by sulphuric-
salicylic acid digestion method (Bremner and Mulvaney
1982). Available P was determined by NH, F-HC1 extraction
method (Bray and Kurtz 1945). Cation exchange capacity.
exchangeable K, Mg and Ca were determined by ammonium
acetate extraction method at pH 7 (Schollenberger and Simon
1945). Available Zn and Cu were analysed by 0.05 N HC1
extraction method (Ponnamperuma et al 1981).

The experiment was three factorial (soil, Mg rate and K rate).
Two soils (Guar and Hutan), three Mg rates (0, 10 and 20 kg
Mg ha'') and three K rates (0, 20 and 40 kg K,O ha'') were
used in the experiment. The experiment was laid out in
randomised complete block design (RCBD) with four repli-
cations. The soils used for the study were collected from the
plough layer of the field and filled into plastic pots of 15-liter
capacity to 10 cm below the brim of the container. The soils
were flooded and pre-incubated for three weeks to stabilise
their physico-chemical properties before seed sowing.
Sprouted rice seeds of variety MR185 were sown. The num-
ber of seeds needed per pot was calculated on the basis of
surface area of the pot and a sowing rate of 40 kg ha'. Ten
sprouted seeds were equally spaced in the puddle soil of
each pot.

Nitrogen was applied as urca to each pot using a single rate
(120 kg N ha') in three splits (1/2 as basal + 1/4 at active
tillering stage + 1/4 at panicle initiation stage). Phosphorus
was applied as triple superphosphate (TSP) to each pot using
a single rate (30 kg P,O, ha'). Magnesium was applied as
magnesium sulphate (MgSO, 7H,0) according to treatments
(0, 10 and 20 kg Mg ha™'). Potassium was applied as muriate
of potash (MOP) according to treatments (0, 20 and 40 kg
K,O ha'). Phosphorus, magnesium and potassium were
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applied as basal. Nitrogen and magnesium were applied in
solution form. The amount of fertilizers was calculated on
the basis of soil surface area of each pot. Rice crop was har-
vested at maturity. Grain and straw weights (gram per pot)
were recorded. Grain and straw yields were calculated as t
ha'! considering the surface area of each pot. About 10 g of
representative grain and straw samples were ground to pass
through a 1-mm sieve and were kept in plastic containers for
chemical analysis. Grain and straw samples were digested with
H,SO, and H,O, (Thomas et al 1967). After digestion, Mg
and K contents of the samples were measured by atomic ab-
sorption spectrophotometer. Magnesium uptake by rice grain
and straw were calculated by multiplying yield data with
magnesium content in grain and straw, respectively. Total Mg
uptake was obtained from the summation of Mg uptake by
grain and straw. Similarly total K uptake was calculated.

The data were analysed for analysis of variance (ANOVA)
and the means were compared using Duncan’s multiple range
test (DMRT) where the F-test was significant. Regression
analysis were done for Mg rates versus grain and straw yields,
Mg and K uptakes. As only three rates of Mg were used in the
study, four replicated values of yield and uptake data were
used for regression analysis. All the analysis were done fol-
lowing Statistical Analysis System (SAS Institute Inc 1987).

Results and Discussion

Grain and straw yields. Effects of soil and Mg on grain and
straw yields (t ha') were significant (Table 2 & 3). whereas
K effect was not significant. Interaction effect of soil and Mg
was significant. Grain and straw yields were significantly
higher in Guar series over Hutan series. In Guar series, grain
and straw yields increased significantly due to Mg fertiliza-
tion at 10 kg Mg ha’', beyond this rate vield increases were
not significant although there were slight increases in yields.
In Hutan series, grain and straw yields increased significantly
due to Mg fertilization at 10 kg Mg ha', beyond this rate Mg
effect was not significant although there were slight decreases
in yields. Regression analysis indicate that grain and straw
vields increases to added Mg were linear in Guar series while
these were quadratic in Hutan series (Table 6).

Higher grain yield in Guar series compared to Hutan was attri-
buted to the difference in fertility status of the soils (Table 1).
Guar series had higher organic matter content, cation exchange
capacity, total N and exchangeable Mg. which might contri-
buted in higher yield in this soil. Yield variation due to soil
fertility was observed in previous investigations (MARDI
1988, 1993). The increase in grain yield due to magnesium
fertilization in both the soils was due to Mg deficiency in the
soils. Magnesium content in both the soils was below the
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Table 2
Effect of Mg on grain yield of rice in two soils under
variable applied K levels
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Table 4
Effect of Mg on total Mg uptake by rice in two soils
under variable applied K levels

Soil(s) Mg rate K rate (kg ha'l) S*Mg- Soil—mcan“
(kghay mean'
- - 0 20 40
Grain yield (t ha'!)
Guar 0 4.46 500 355 434b -
10 6.41 629 675 648a -

20 6.20 6.71 699  6.63a 5.82a
Hutan 0 1.55 145 1.74  1.58d -

10 247 261 251 1.53¢ 2

20 2.02 2.13 263 226¢ 2.12b

K-mean? 3.85 4.03 403 - .

Soil(s) Mg rate K rate (kg ha'') S*Mg- Soil-mean
(kg ha™) ) _ mean'
e B
Total Mg uptake (kg ha™)

Guar 0 594 19 5.12 6.08¢ =

10 11.70 1052 1112 11.11b -

20 13.06 1263 1276 12.82a 10.00a
Hutan 0 2.09 1.78 2.15 201le -

10 394 3.54 354  3.67d -
20 3.70 3.28 425 3.74d 3.14b

K-mean? 674 649 649 - )

'Interaction effect of S and Mg was signifient; *Effect of K was not
significant; Means followed by a common letter in a column are not
significantly different at 5% level by DMRT.

Table 3
Effect of Mg on straw yield of rice in two soils under
variable applied K levels

Interaction effect of S and Mg was signifient; *Effect of K was not
significant; Means followed by a common letter in a column are not
significantly different at 5% level by DMRT.

Table 5
Effect of Mg on total K uptake by rice in two soils
under variable applied K levels

Soil(s) Mg rate K rate (kg ha)

S*Mg- Soil-mean

(kg ha) mean'
o 0 20 40
Straw vyield (t ha'!)
Guar 0 4.94 5.55 394 481b -

10 712 6.98 7.50 7.20a -

20 6.88 745 776  736a 6.46a
Hutan 0 1.72 1.61 1.93 1.75d -

10 2.71 2.90 2,79 2.80c -

20 2,25 2.37 292 2.51¢ 2.35b

K-mean? 427 448 447 - :

'Interaction effect of S and Mg was signifient, *Effect of K was not
significant; Means followed by a common letter in a column are not
significantly different at 5% level by DMRT.

critical deficiency level of 0.40 cmol kg™ (Sattar and Rahman
1987). The increases in grain and straw yields due to Mg fer-
tilization are in agreement with previous findings (Choudhury
and Khanif 2001; Vijayalaksmi and Mathan 1994; Sahrawat
et al 1999).

Plant Mg uptake. Effects of soil and Mg on total Mg uptake
(kg ha') was significant (Table 4), whereas K effect was not
significant. Interaction effect of soil and Mg was significant.
Magnesium uptake was significantly higher in Guar series
over Hutan series. Magnesium fertilization increased total Mg
uptake significantly up to 20 kg Mg ha'! in Guar series while
Mg effect was significant up to 10 kg Mg ha™! in Hutan series.
Regression analysis indicated that total Mg uptake increa-
sed linearly due to Mg fertilization in Guar series while its

Soil(s) Mg rate K rate (kg ha'!) S*¥Mg- Soil-mean
(kg ha) mean’
0 20 4 -
Total K uptake (kg ha™)
Guar 0 80.37 95.37 7291 82.88b -

10 10935 117.03 12483 117.07a -

20 107.61 12426 12727 119.71a 106.55a
Hutan 0 2547 26.39 3368 28.51d -

10 3943 4397 4716 42.52¢ -

20 3248 3527 4844 38.73cd 36.59b
K-mean? 6579 132 B2 - -

Nnteraction effect of S and Mg was signifient; Effect of K was not
significant; Means followed by a common letter in a column are not
significantly different at 5% level by DMRT,

increase was quadratic in nature in Hutan series (Table 6).
Higher total Mg uptake in Guar series over Hutan series was
attributed to the differences between the soils in grain and
straw yields (Tables 2-3). The increase in total Mg uptake
due to Mg fertilization was attributed to the increase in grain
and straw vields due to Mg fertilization. Previous investiga-
tions also showed that Mg application increased Mg uptake
by rice significantly (Sahrwat ef al 1999; Fageria and Souza
1991).

Plant K uptake. Effects of soil and Mg on total K uptake (kg
ha') were significant (Table 5), whereas K effect was not
significant. Interaction effect of soil and Mg was significant.
Total K uptake was significantly higher in Guar series over
Hutan series. In Guar series, Mg application at 10 or 20 kg
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Table 6
Regression equations and R? values relating Mg rate
with grain and straw yields, Mg and K uptakes in

two soils

Soil  Parameter | Regression equation R? value

Guar  Grain vield y=4.6717+0.1145x 0.7989%*
Straw yield y=5.1817+0.1275x 0.7969%*
Total Mg uptake  y=6.6333+0.337x 0.9252%=*
Total K uptake y=88.138+1.8415x 0.8035%**

Hutan Grain yield y=1.58+0.156x-0.0061x%  0.993%*
Straw yield v=1.75+0.172x-0.0067x  0.978%**
Total Mg uptake  y=2.01+0.2455x-0.008x*  0.991**
Total K uptake  y=28.51+2.291x-0.089x?

0.995%%

**=Significant at 1% level of probability

Mg ha' increased total K uptake significantly over Mg,
while in Hutan series Mg effect was significant only at Mg, .
Regression analysis indicated that total K uptake increases
linearly due to Mg fertilization in Guar series whereas its
increase was quadratic in nature in Hutan series (Table 6).
Higher total K uptake in Guar series over Hutan series was
attributed to the difference between the soils in grain and straw
yields (Tables 2 & 3). The increase in K uptake due to Mg
fertilization was attributed to the increase in grain and straw
vields due to Mg fertilization. On average. total K uptakes
were 106.55 and 36.59 kg ha! in Guar and Hutan series, res-
pectively. These large amounts of K removal indicate that the
soils will be depleted in K if K fertilization is not practised.
Farmers are applying K in rice cultivation in Malaysia. This
practice shloud be continued to maintain soil K status.

Conclusion

The findings of the study indicate that rice yield can be increa-
sed through Mg fertilization in Mg deficient soils. Since rice
crop removes large amount of K for grain and straw produc-
tion. the K fertilization practice by the farmers should be con-
tinued to maintain soil K status.

Acknowledgement

The authors are grateful to National Council for Scientific
Research and Development of Malaysia for financial support
under the project on Intensification of Research in Priority
Areas (IRPA).

References

Bangladesh Rice Research Institute (BRRI) 1996 Annual
Report for 1993, Gazipur, Bangladesh pp 1-67.
Bray R H. Kurtz L. T 1945 Determination of total. organic

A TM A Choudhury, ¥ M Khanif

and available forms of phosphorus in soils. Sei/ Sci §9
(1-6) 39-45.

Bremner ] M, Mulvaney C S 1982 Nitrogen-Total In:Methods
of Soil Analysis. Part 2, 2nd ed. (Eds Page A L. Miller
R H and Keeny D R). American Society of Agronomy.
Inc and Soil Science Society of America, Inc, Madison,
Wisconsin, USA, pp 595-624.

Choudhury AT M A, Khanif Y M 1998 Evaluation of potas-
sium, magnesium and copper status of some rice soils
under Muda Irrigation Scheme. In: Proceedings of Soil
Science Conference of Malaysia 1998, Malaysian Soci-
ety of Soil Science, Kuala Lumpur, Malaysia, pp 162-167.

Choudhury A TM A, Khanif Y M 2000 Potassium, magne-
sium and copper status of some rice soils of Malaysia.
Thai J Agric Sci 33 (1 & 2) 83-88.

Choudhury A TM A, Khanif Y M 2001 Evaluation of effects
of nitrogen and magnesium fertilization on rice yield
and fertilizer nitrogen efficiency using '°N tracer tech-
nique. Journal Plant Nutr 24(6) 855-871.

De Datta S K 1981 Principles and Practices of Rice Production.
John Wiley and Sons, Inc. New York. USA, pp 348-419.
Fageria N K. Souza C M R D 1991 Upland rice, common
bean and cowpea response to magnesium application
on an oxisol. Commun Soil Sci Plant Anal 22(17 & 18)

1805-1816.

Jones U S, Katyal J C. Mamaril C P, Park C S 1982 Wetland
rice-nutrient deficiencies other than nitrogen. In: Rice
Research Strategies for the Future, International Rice
Research Institute, Los Banos, Philippines, pp 327-378.

Malaysian Agricultural Research and Development Institute
(MARDI) 1988 Annul Report for 1985. MARDI, Kuala
Lumpur, Malaysia, pp 18-20.

Malaysian Agricultural Research and Development Insti-
tute (MARDI) 1992 Annual Technical Report for 1990,
MARDI, Kuala Lumpur, Malaysia, pp 27-30.

Malaysian Agricultural Research and Development Insti-
tute (MARDI) 1993 Annual Technical Report for 1991.
MARDI, Kuala Lumpur, Malaysia, pp 20-23.

Paramananthan S 1998 Malaysian Soil Taxonomy (Second
Approximation): A Proposal for the Classification of
Malaysian Soils. Malaysian Society of Soil Science and
Param Agricultural Soil Surveys, Kuala Lumpur Malay-
sia, pp 206-251.

Peech M 1965 Hydrogen ion activity In: Methods of Soil
Analysis. 1sted, Part 2. (Ed Black C A). American Soci-
ety of Agronomy, Inc and Soil Science Society of
America. Inc. Madison Wisconsin USA., pp 914-926.

Ponnamperuma F N, Cayton R T, Lantin R S 1981 Dilute
hvdrochloric acid as an extractant for available zinc, cop-
per and boron in rice soils. Plant Soil 61(3) 297-310.



Potassium and Magnesium Fertilization for Rice

Ponnamperuma F N, Deturck P 1993 A review of fertiliza-
tion in Rice Production. /nternational Rice Comm Newsl
42 1-12.

Sahrawat K L 2000 Macro and micronutrients removed by
upland and lowland rice cultivars in West Africa.
Commun Soil Sci Plant Anal 31(5 & 6) 717-723.

Sahrawat K L, Jones M P, Diatta S 1999 Phosphorus, calcium
and magnesium fertilization effects on upland rice in an
ultisol. Commun Soil Sci Plant Anal 30(7 & 8) 1201-1208.

Samy J, Zahari A B, Lee C S 1992 Nutrient requirement of
rice after two decades of double cropping in Malaysia.
In: Proceedings of International Symposium on Paddy
Soils, Chinese Academy of Sciences, Beijing, China, pp
283-289.

SAS Institute Inc 1987 SAS/STAT Guide for Personal Com-
puters. SAS Institute Inc, Carry. North Carolina, USA,
pp 1-1028.

349

Sattar M A, Rahman M M 1987 Techniques of Soil Analysis.
Department of Soil Science, Bangladesh Agricultural
University, Mymensingh Bangladesh, pp 54-57.

Schollenberger C J, Simon R H 1945 Determination of
exchange capacity and exchangeable bases in soil-
ammonium acetate method. Soil Sci $9(1-6) 13-23.

Thomas R L., Sheard R W, Moyer J R 1967 Comparison of
conventional and automated procedures for nitrogen,
phosphorus and potassium analysis of plant materials
using a single digest. Agron J 59 240-243.

Vijavalaksmi K. Mathan K K 1994 Effects of varying levels
of magnesium and potassium fertilization on growth
and yield of rice. Madras Agric J 81(7) 401-402,

Walkley A, Black I A 1934 An examination of Degtijaref
method for determination of soil organic matter and a
proposed modification of the chromic acid titration
method. Soil Sci 37 29-38.



