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ABSTRACT

An-experiment was conducted in irrigated low land paddy soils treated |
with rice straw and K fertilizer in the Low Country Intermediate Zone to
identify the forms of potassium in paddy soil and its relationship to grain yield
of rice and plant K contents. There were six treatments in the experiment (T1
- no K fertilizer or manure; T2 - rice straw at S t/ ha; T3 - rice straw at 5 t/ha
with 15 kg K ,O (applied as basal); T4 - rice straw at S t/ha with 20 kg of K
,O applied at 6 week after planting (WAP); TS- rice straw at S t/ hawith 15 kg
K,O (at basal) and 20 kg K,O applied at 6 WAP; T6 - 15 kg K,O applied as
basal and 20 Kg K ,O applied at 6 WAP. Experiment was set up in Yala 2011
and continued without changing plot arrangements until the 7* consecutive
seasons up to Yala 2014. Soil samples were collected at the beginning of 7*
season and analyzed for exchangeable and non- exchangeable K contents.
Grain yield and plant K contents were measured at the end of the 7" season.
The highest non-exchangeable K (160.2 mg /kg) and the highest exchangeable
K (46.2 mg/kg ) were recorded from plots treated with both rice straw at 5t
/ha and K fertilizer at 35 kg k,O/ha. These plots had the highest grain yield
(5.42 t/ha) and the highest plant K content (1.02 %) as well. Significantly low
non-exchangeable K (100.8 mg/kg) and the lowest level of exchangeable K
(25.3 mg/kg) were recorded from control plots where neither straw nor K
fertilizer was added. These plots had the lowest yield (4.78 t/ha) as well as
the lowest level of plant K (0.57 %). Relationship between non-exchangeable
K and exchangeable K was linear and significantly high (r> = 0.93). Though
exchangeable K contents were significantly different among treated plots,
non-exchangeable K contents and grain yield were not significantly different.
Higher relationship (r? = 0.69) between non-exchangeable K content and
plant K content was observed. Exchangeable K in all plots was below the
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critical level (80 mg/kg) but no response of rice to application of K fertilizer.
. It is learned from this experiment that non-exchangeable K content has a
positive relationship with grain yield and highly relates to plant K content
and as such non-exchangeable K content should be taken as an indicator
in the soil test based fertilizer recommendations to decide the K supplying
capacity of paddy soils.
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INTRODUCTION

Rice occupies approximately 33 % of the total cultivated area in Sri Lanka,
which accounts for 0.78 million ha (DCS, 2014). Of the above, 75 % of the rice
area is in the Intermediate and Dry zones of Sri Lanka. Most of these lands in
the above areas are grown with high yielding rice varieties. To get the maximum
benefits from the high yielding rice varieties, application of fertilizer has become
a must (Abeysiriwardena and Sandanayake 2000).

Potassium is a major nutrient which plays a critical role in regulating
assimilate transportation. Short supply of potassium could affect the productivity
of rice (Salisbury and Ross, 1978). Most of the paddy soils in low country of
Sri Lanka is considered to be high in K and as a result, a low crop response to
applied K is seen (Wickramasinghe et al., 2003). In addition, with the introduction
of harvesting machines to paddy sector, straw is recycled in-situ and provides
considerable amount of K. Since large quantity of K is returned to paddy fields
through straw incorporation, K level in paddy soils would be adequate to satisfy
the early K needs of rice crop. Considering the above, K has been removed from
the basal rice fertilizers and only top dressing was introduced in 2013 (Sirisena,
2013). The removal of K from basal fertilizer mixtures would lead to a greater risk
in rice production, unless proper estimation of K contents in rice soils is adopted.
Since almost all K fertilizer is imported to the country and distributed at subsidized
prices, application of K fertilizer in a more judicial manner is important to relieve
the burden on the Government and also to reduce cost of production.

Soil test based fertilizer recommendation considered soil exchangeable
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K fevel as an indicator of the K supplying capacity of paddy soils (DOA, 1997).
According to soil test based fertilizer recommendation, fertilizer K application
has been recommended when exchangeable soil K levels were below 80 mg/
kg. In many occasions soil exchangeable K levels were below the above critical
level and as such same K recommendation has been given. Contrary to the above,
Sirisena and Herath (2012) have reported that there was no response of rice to
application of K fertilizer even though exchangeable K levels were below 40 mg/
kg. There is accumulating evidence that non exchangeable soil K also has a role
to play in providing potassium to plants. A large number of exhaustive cropping -
experiments have demonstrated that as levels of exchangeable soil K are depleted,
non-exchangeable K makes a significant contribution to plant uptake (Uddini et

al,, 2011)

Plant K is an important parameter that protects plants form biotic and
abiotic stresses (Williams and Smith, 2001, Chau and Heong, 2005). Therefore,
whatever form of K in the soil should help to maintain K content in plant tissues.
According to Wickramasinghe and others (2003), soil analytical data for soils
from low country intermediate zone have shown that exchangeable soil K in most
of these soils is low. Non-exchangeable K fraction of these soils is in sufficient
range and as such no response to applied K fertilizers. In addition application of
K even 150 kg K, O/ ha has not significantly affected the grain yield of rice in any
of these soils because non-exchangeable K fraction of these soils is in sufficient
range. After crop harvest, the content of exchangeable K in soils was below the
critical levels, showing the depletion of exchangeable K due to cropping. When
amount of exchangeable potassium in soil is depleted there is a possibility to
replenish non - exchangeable potassium to exchangeable potassium. So it is useful
to find out the changes of non-exchangeable K and exchangeable K fraction of
these soils with the application of K fertilizer and rice straw.

The_ objective of this study was to quantify exchangeable and non-
exchangeable K in a irrigated low land paddy soils and their relation to grain yield
and K content of rice plants. )
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MATERIALS AND METHODS

This study was conducted at Rice Research and Development Institute,
Batalagoda in the Low Country Intermediate Zone. The experimental site was
situated in a continuous rice producing area where two rice crops are usually
grown in a year. The soils in the experimental site are sandy clay loam with 38%
sand, 15% clay and 47% silt, and poorly drained. At the commencement of the
study, the soil pH was 5.9, and the soil contained 0.18% total Nitrogen (N), 43
mg/ kg exchangeable K, 185 mg/kg non-exchangeable K, and 8.7 mg/kg available
Phosphorus (P). This study was initiated in Yala 2011 and continued with same
treatments for seven consecutive seasons until Yala 2014 without changing original
plot arrangements. Treatments tested in the experiments were T1- Control — (No
fertilizer and straw application), T2- straw 5t ha' , T3- straw 5t ha'+ 15 kg K.O
(basal) + 20 kg K,O 6 weeks after establishment (6WAE), T4- straw 5 t /ha +
15 kg K,O (basal), T5- straw 5t /ha +20 kg K,O (6 WAE) and T6- 15 kg K,O
(basal) +20 kg K O (6 WAE). Stubble of the preceding rice crop was incorporated
into soil in all treatments. Treatments were arranged in a randomized complete
block design and replicated four times. Rice variety Bg 352 was transplanted after
raising in nursery beds for 20 days. Phosphorous was given at the rate of 45 kg
P_O./ ha as basal dressing. N was split applied as 5 kg, 30 kg , 55 kg and 25 kg /
ha as basal, 2, 4 and 6 weeks after planting, respectively. Crop management was
done uniformly across all treatments.

Crop was harvested at 3.5 months after planting and grains were sun dried
after threshing and cleaning, and total grain weight was recorded in each plot at
13 % moisture. Soil samples were collected up to 15 cm depth at two weeks after
incorporation of stubbles and rice straw. Samples were air dried and sieved by 2
mm sieve. Exchangeable K content in soil was determined by using 1M ammonium
acetate (NH,OAc) extractant using Atomic Absorption Spectrophotometer (AAS),
(SSSSL, 2007). For determination of non-exchangeable K, 1 M Nitric solution
was used. Mixture was heated gently on a hot plate until boiling and cooled.
Filtrates were analyzed for non-exchangeable soil K using Atomic Absorption
Spectrophotometer. Arial parts of the plant were collected as 5 plants per plot at
flowering stage. Plant samples were dried at 70°C for three days until constant

weight was obtained and total K content in plant tissues was determined by wet
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digestion method (Campbell and Plank, 1988) The analysis of variance and
mean separation were performed for the experimental data using SAS statistical
package.

RESULTS AND DISCUSSION

Results of this experiemnt revealed that non- exchangeable K content was
significantly different between control plots and treated plots and lowest value
of 100.8 mg/kg was recorded in control plots and the highest value (160.2 mg/ -
kg) was récorded in plots treated with straw at 5 t /ha and K at 35 kg K,O/ ha
(Table 1).-Soil fixed or non exchangeable K is an important reservoir of K in
soil and makes an important contribution to plant K supply (Parker et al., 1989).
According to Uddini et al. (2011) soil solution and exchangeable K increased with
added K. These form of K decreased with time after crop was transplanted and
drastic reduction was found during one month time period. Thus split application
of K gave better results instead of single application. According to Uddini et al.,
the amount of non-exchangeable K decreased inconsistently and that helpful
to provide potassium in long run. As such non exchangeable K content plays a

significant role in rice production. However, research studies on effect of non
exchangeable K on rice production in Sri Lanka is still at an early stage.

. Ithas been proved form these results that potassium in rice straw is similar
to K in MOP fertilizer arid both K sources maintained non-exchangeable and
exchangeable K content in the soil. Exchangeable K contents were significantly
low at the beginning irrespective of the treatments. It was the lowest (25.3 mg/
kg) in control plots while highest (46.2 mg /kg) in plots treated with straw 5 t/ ha
and K at 35 kg K O/ ha(Table 1)

Control plots which did not receive any fertilizer or straw recorded lower
levels of exchangeable and non-exchangeable K at the end of 6™ seasons. These
results have confirmed the findings of Dobermann and Fairhurt (2000) and Uddini
et al. (2011) that continuous cultivation of rice without application of chemical
K fertilizer or rice straw leads to deplete soil exchangeable as well as soil non-
exchangeable K contents. Exchangeable K has been considered as an indicator
to decide K supplying capacity of soil (DOA, 1997). Figure 1 shows the linear
relationship between non-exchangeable K content and exchangeable K contents.
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According to the results given in Figure 1 there is a significantly high (r?
= 0.93) relationship between the non exchangeable K content and exchangeable
K contents. As such it can be suggested that soils having higher exchangeable K
content also have higher non exchangeable K content as well. Therefore, taking
exchangeable K as an indicator to decide K supplying capacity of soil is justifiable.
As stated by De Datta and Mikkelsen (1985), potassium from non-exchangeable
soil solution provide K to rice plants when soil solution K is depleted and as such
exchangeable K content is not a good indicator to decide the K requirement of
rice plants. Results of the present experiments have also shown that even with
continuous application of rice straw and K fertilizer, exchangeable K content of
soil has not been increased above 46 mg/kg. Therefore, according to soil test based
fertilizer recommendation, application of K fertilizer at full quota is recommended
for all plots (DOA, 1997) even without significant yield advantage. When K
nutrition is low, rice is more susceptible to many plant diseases, which can cause
yield and/or quality losses beyond that caused from the physiological effects of
insufficient K nutrition. High incidence of brown leaf spot (Bipolaris oryzae),
stem rot (Sclerotium oryzae) and other opportunistic diseases are important signs
of potential K deficiency in rice (Dobermann and Fairhurst, 2000). Therefore,
consideration of critical levels of both non-exchangeable K and exchangeable K
content is important before deciding the application of K fertilizer.

Table 1. Non exchangeable K contents and exchangeable K contents of the
paddy soils at the beginning of 7™ season.

Treatments Non- Exchangeable
exchangeable K K (mg/kg)
(mg/ke)
No K 100.8b 25.3d
Straw 5t ha’! 131.0ab 334c¢

Straw St ha”+ 15 kg K O ha™' (Basal) +

: 46.2
| 20 kg KO ha'' (6 WAP) 1602 :
Straw 5t ha'+ 15 kg K O ha'' (Basal) 158.7ab 42.9ab
Straw 5t ha'+ 20 kg K O ha' (6 WAP) 132.4ab 38.7abc
15 kg K,O ha™ (Basal) + 20'kg K,O ha”
(6 WAP 126.7ab 35.3bc

* Mean values within a column with different letters are significantly different at p<0.05.

Results presented in Table 2 revealed that application of rice straw and
chemical K fertilizer increased grain yield and plant K contents. Accordingly, in
comparison to treated plots significantly lower yield of 4.78 t/ha has been recorded
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from control plots where rice straw or chemical K fertilizer has not been added
for the last 7 seasons. Grain yields were non-significant among the treated plots
revealing that rice straw can provide considerable amount of K to paddy fields.
This is an agreement with the findings of Senaratne ef al. (2006) that K provided
by rice straw is similar to K supplied by the MOP fertilizer. As such, application
of rice straw and chemical K fertilizer increased grain yield significantly over

- control.
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Figure1. Relatlonshlp between non exchangeable K content and exchangeable

K content.

Table 2. Grain yield and plant K content of the plots treated with rice straw
and different rates of chemical K fertilizer.

Grain yield (t/ha)*
Treatments Average of 7th Plant K
the past 6 . | contents (%)*
No K 4.25¢ 4.78 b 0.57d
Straw 5t ha’! 4.49bc 4,90 ab 0.74c
Straw 5t ha'+ 15 kg K,O ha’'
(Basal) + 20 kg K20 (6 WAP) ha" 4.78a 5-07 ab 1.02a
-l+ -1
(Sg::;ft ha+ 15 kg K,0 ha 4.90a 5.30 ab 0.81bc
-1+ -l
\SA;Z:IV,V) Stha-1+ 20kg K,0 ha™ (6 490 a 542 a 0.80bc
15 kg K.O ha' (Basal) + 20 k
K. Oghff . \; A(P)asa ) g 4.72ab 5.19 ab 0.86ab

*Note : Mean values within a column with different letters are significantly different at p<0.05.
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Plant K is an important parameter that protects plants from pests and
. diseases. Higher levels of plant K help plants to withstand biotic and abiotic stress
conditions (Williams and Smith, 2001; Chau and Heong, 2005). Application of
straw and MOP at the rate of 35 kg k,O/ha significantly increased plant K content.
Results shown in Figures 2 and 3 revealed that there is good relationships (12 =
0.66 and 0.77) between non-exchangeable K and exchangeable K content with
plant K content. Therefore, instead of exchangeable K contents non-exchangeable
content can be measured to decide the ability of soil to provide K to plants

y = 0.005x + 0.016

Plant tissue K (%)

100 150
Non-Exchangeable K content (mg/kg)

Figure 2. Relationship between non exchageable K contnet and plant K
content
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a
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a.
20 40 60
Exchangeable K mg/kg)

Figure 3. Relationship between exchangeble K contnet and plant K content
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According to the above results application of chemical K fertilizer is
necessary to maintain exchangeable K and non exchangeable K in soil. Similarly
it is observed in this experiment that application of chemical fertilizer enhanced
the plant K contents as well (Table 2). Therefore, even with the application of rice
straw application with K fertilizer is important not only to get higher grain yield
but also to get higher K content in plant tissues for protecting plants from pest and
diseases (Williams and Smith, 2001; Chau and Heong, 2005).

Senaratne et al. (2006) indicated the potential contribution by K fertilizers,
and increased yield benefits in the application of K towards flowering instead of at
the basal dressing stage, when the initial K needs are satisfied by decaying stubble
and straw. Since there is no significant difference between treatments (split vs
basal) (Table 2) split application of K fertilizer at growth stage would be better
than basal only, apart from time involved and cost of application.

-

CONCLUSIONS

- The removal of K from basal fertilizer mixtures, promotion of straw
recycling to return K removed by the rice crop and maintenance of high soil K
content in rice soils are logically related to each other. Application of rice straw
along with chemical K fertilizer in long run significantly increases exchangeable
as well as non exchangeable K content in paddy fields. It also increases grain yield
of rice as well as plant K contents. Non-exchangeable K content has a positive
relationship with grain yield and highly relates to plant K content and as such
non-exchangeable K content is a better indicator in the soil test based fertilizer
recommendations to decide the K supplying capacity of paddy soils.

REFERENCES

Abeysiriwardena, D. Z. and S. Sandanayake. 2000. Future rice research as
directed by trends in cultivated extent and yield of rice during the recent
past. Annals of S. L Department of Agriculture. 2: 371-38]1.

Anon. (1996). Fertilizer recommendation for rice (revised, 1996). Department of
Agriculture Publication, Peradeniya, Sri Lanka, 55 pages.

97



POTASSIUM DYNAMICS IN PADDY

Anon, (1956). Plant Potassium Analysis, Analytical Methods Committee, Analyst,
London.

Campbell, C. R. and C. O. Plank. 1988. Preparation of plant tissue for laboratory
analysis. In Handbook of reference methods for plant analysis. ed. Y. P.
Kalra. 37 — 49. Boca Raton, El., CRC Press.

Chau L. M. and K. L. Heong, 2005. Effect of organic fertilizers on insect pest and
diseases of rice,. Omonrice, 13: 26 - 33.

DCS, 2014. Annual Reports. Department of Census and Statistics Colombo.

De Datta, S.K. and D.S Mikkelsen. 1985. Potassium nutrition of rice. In Potassium
in Agriculture. 665- 699. ASA- CSSA- SSSA, Madision. USA.

DOA, 2001. Fertilizer recommendation for rice. Department of Agriculture
Publication, Peradeniya, Sri Lanka.

DOA. 1997. Soil test based fertilizer recommendation. A technical working
document for soil scientists of the Department of Agriculture. Research
Division, Department of Agriculture, Paradeniya, Sri Lanka.

Dobermann, A. and T.H. Fairhurt. 2000. Rice Nutrient Disorders and Nutrient
management. Oxford Graphic printers Pte. Ltd.

Parker, D.R., D.L Sparks G.J Hendriks and M. C Sandusky, 1989. Potassium in
Atlantic coastal plain soils II soil charaterization.

Salisbury, F. B. and C.W. Ross. 1978. Mineral nutrition. Chapter 6: In Plant
Physiology, Third Edition, Wadswarth Inc. Belmont, California. pp 79-109.

Senaratne L, S.L.Ranamukhaarachchi * and W. M. Ratnayake, 2006.The Effect
of Straw, Stubble and Potassium on Grain Yield of Rice in Rice-Rice
Cropping Systems in the Mid-Country Wet Zone of Sri Lanka. Science
Asia 32 (2006): 151-158.

98



TROPICAL AGRICULTURIST, VOL. 163, 2015
SiriSena D.N and HM.B.A Herath. 2012. Response of rice to application of

K fertilizer in low country dry and intermediate zones of Sri Lanka.
International Symposium on Agriculture and Environment, 29, November

2012. 219-222.

Sirisena, D. N. 2013, Fertilizer recommendation for rice. Deaprtment of
Agriculture, Sri Lanka ,

SSSSL, 2007. Exchangeable cations. In Manual of soil sampling analysis. Eds.
R.S. ‘Dharmakeerthi, S.P. Indraratne. and D. Kumaragamage. Special
Publication 10, Soil Science Society of Sri Lanka.

Uddin M.S, M.J. AbedinMian, M.R. Islam, M.Alicat. Saleque and A.Z.M.
Moslehuddin. 2011. Change in different forms of K in rice rhizosphere
under K application. Bangladesh. Journal of Agriculture Research. 36(3):

513-519.

Wickfamasinghe W.M.A.D.B., AR. Dassanayake, D.N. Sirisena. (2003).
Potassium status of rice growing soils in Sri Lanka. 35-43. Importance of
potash fertilizers for sustainable production of platation and food crop in
Sri Lanka. Eds. V.V. Nossov, and J.D.H Wijewardena. Proceedings of the
IPI-NFS International Workshop, 1-2 December 2003. Colombo.

Williams J. and S.G. Smith, 2001. Correcting potassium deficiency can reduce
rice stem diseases. Better Crop, 85: 1.

99



INSTRUCTIONS TO AUTHORS

General Papers will be considered for publication if they make original contribution
towards the promotion and understanding of agriculture in the tropics. Review papers
are published only by invitation.

Papers already published or under consideration elsewhere, other than as an abstract
of an oral or poster presentation, cannot be accepted. Manuscripts should be written in
English and submitted in duplicate to:

Dr. Anura Wijesekera

Chief Editor

Tropical Agriculturist

Office of the Registrar of Pesticides
P.O.Box 49,

Peradeniya

Sri Lanka.

Fax: 081-2388076

E-mail : awijesekara@yahoo.com

PRESENTATION

The manuscript should be typed in double space on good quality paper with wide
margin. Although a rigid format is not insisted, it is usually convenient to divide the
papers into sections such as Abstract, Key words, Introduction, Materials and
Methods, Results and Discussion, Conclusions, Acknowledgements and References.

Title :
The title should be concise and appropriately informative for retrieval by modern
searching techniques.

Running Title :
A short title, not exceeding 45 characters, should be provided for the running title.

Abstract : -
This should state concisely the scope of the work and the principal findings, and should
be suitable for direct use by abstracting journals; should not exceed 200 words.

Key Words :
A maximum of 6 key words chosen from the title, abstract or body of paper should be
provided. They should be in alphabetical order and separated by commas.



Introduction:
Introductory material including a review of the literature should not exceed what is
necessary toindicate the reason for the work and the essential background.

References: All references in the text must be listed in alphabetical order by the
authors’ last name at the end of the paper. Do not number references. When including
articles that are * in press” give the name of the journal and anticipated date of
publication. Follow the style shown below;

Journal articles:

Nagarajah, S., B.M. Nizar, M.M.M. Jauffer and S. de Silva. 1983. Zinc as a limiting
nutrient for rice grown in the mid country wet zone of Sri Lanka. Tropical Agriculturist.
139:97-74. (Please give full journal title)

Book (identical author and editor):
De datta. S.K. 1981. Principles and practices of rice production. John Wiley and Sons,
New York. 618p.

Books (edited by someone other than author of article):

Ladd, J.N. 1985. Soil enzymes. In Soil organic Matter and Biological Activity. Eds. D.
Vaughan and R.E. Malcolm. Pp. 176-221. Martnus Nijhoff Publishers, Dordrecht, The
Netherlands.

Thesis: Piper R.D. 1963. Production and chemical composition of arctic tundra
vegetation and their relation to the lemming cycle. Ph.D Thesis. University of
California, Berkely. 95p.

References should be cited in the text by the last name of the author and year ( Perera,
1988): in the case of two authors, both should be mentioned (Perera and Abeykoon,
1988) but with three or more, only the name of the first author plus et al. (Perera et al.,
1988) should be given (do not italicised et al.).

Unless absolutely necessary citation of personal communications and unpublished
data should be avoided. No editorial responsibility can be taken for the accuracy of the
references; authors should check that all references in the text appear at the end of the
paper and vice versa and that names dates correspond in the two places. When journal
articles are listed, journal name should be abbreviated in accordance with the “World
List of Scientific Periodicals”, Butterworths Scientific Publications, London.



Tables and Figures: Tables and Figures should be given separately i.e. not inserted in
the typed text. Tables should be numbered in the order in which they appear in the text
and accompanied by a title. They should be arranged having regard to the dimensions of
the printed pages (B5), and the number of columns should be kept to a minimum. Long
headings to columns should be avoided by the use of explanatory footnotes. Only in
exceptional circumstances will presentation of essentially the same data in tabular and
graphical form be permitted; where adequate, the latter form should be used. Short tables
can frequently be incorporated into the text as a tabulation or sentence.

Illustrations; both line drawings and halftones, should be numbered in the order in which .
they appear in the text. Each figure must be cited in the text.

Photographs-can be included in the text with a separate set of scanned high resolution
(300) soft copies should be submitted separately. Colour plates are accepted only if black
and white pictures cannot convey the author’s message.

Units and Symbols: The recommended SI (System International) units and symbols
should be used as far as possible.

Mathematical Formulae: These should be carefully typed with symbols in alignment
and adequately spaced. At least two clear lines should be left above and below all

displayed equations.

SHORT COMMUNICATIONS/RESEARCH NOTES

Tropical Agriculturist offers the opportunity to publish research notes not exceeding
three printed pages (including tables and figures). They might be preliminary results,
description of new cultivars, description of new or improved techniques or equipment.

PROOFS AND REPRINTS

Proofs will be sent to authors for correction. Major alteration of the original text should
be avoided. Corrected proofs should be returned to the Editor without delay. Failure to do
so will delay publication. Contributors will receive 10 reprints free of charge.



Table 2. Grain yield and plant K content of the plots treated with rice straw and
different rates of chemical K fertilizer.

*Note : Mean values within a column with different letters are significantly different at p<0.05.
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