Availableonlineat:
http://journal .unila.ac.id/index.php/tropical soil
DOI: 10.5400/jts.2015.20.1.21

Ascertainment of K Nutrient Availability Classfor M aizeby Several M ethods

Marthen Pasang Sirappa* and Peter Tandisau?

!Researchers of West Sulawesi Assesment Institute for Agricultural Technology
Komplek Perkantoran Gubernur Pemerintah Provinsi Sulawes Barat
Jin. H. Abdul Malik Pattana Endeng, Mamuju 91512. Indonesia
e-mail: mpsirappa_64@yahoo.co.id;
2Researchers of South Sulawesi Assesment Institute for Agricultural Technology
Jin. Perintis Kemerdekaan KM 17.5, Sudiang, Makassar, Indonesia

Received 2 September 2014/ accepted 02 December 2014

ABSTRACT

Research was conducted in Gowa, South Sulawes at dry land farmer during two years. The aims of the research was
to get the best method in ascertainment of availability class of potassium (K) for maize in dry land. The research
used a single location approach, which made some of K nutrient artificial. Result of this research indicated that K
nutrients class which reached by several methods are: (1) by Cate-Nelson method : two class, ie low and high class,
(2) by curve continue method: two until three classes, ie very low to moderate class, low and moderate, and low to
high class; and (3) by analysis of variance modified method: three classes, ielow to high class. Ascertainment of K
nutrient availability classes by modified analysis of variance method was the best methods compared to other
methods. Critical level of K nutrient for mai ze according to modified analysis of variance method by several extractant
is:0.40meK 100 g™ for NH,OAc pH 4.8 extractant; 0.40t0 0.60 meK 100 g™ for NH,OAc pH 7 extractant; 200-300 ppm
K, O for Bray-1 extractant, and 215-250 ppm KO for Olsen extractant.
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INTRODUCTION

Potassium fertilizer playsanimportant rolein
improving crop production because of its role in
physiological processes, such as cell division,
photosynthesis, nitrate reduction and protein
synthesis, and enzyme activity (L eiwakabessy and
Sutandi 1996). Therefore, potassumisoftenreferred
to as a catalyst in the process of ensuring the life
because the reaction in the plant life. Potassium is
one of the macro nutrients that plants need quite a
lot of early corn growth beforeflowering plantseven
30% of the potassium they need is absorbed by plants
(Laddong 1988). However, the use of K fertilizer
on crops are generally not rational and balanced
becausefertilization has not been based on the status
and dynamics of nutrientsin the soil aswell asthe
needs of the plant optimum. Therefore, nutrient
status and plant nutrient dynamics are needed to be
known through soil testing approach (Sabiham 1996).

Estimate of nutrient avail ability inthe soil can
be donethrough soil testing, chemical analysisisan
activity that is simple, fast, inexpensive, accurate,
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and reproduceabl e (L eiwakabessy and Sutandi 1996;
L eiwakabessy and Koswara 1985). Ascertainment
the status of nutrients in the soil through a soil test
can be used as a guide the land’s ability to provide
nutrients for plants. However, the ability of plants
to absorb nutrients from the soil is determined by
thenutrient status of thesoil, anditisasoinfluenced
by theavailability of watey, infiltration rate, drainage,
salinity, exchangeabl e cations, and the presence of
compoundsthat aretoxic aswell asthe plant it self
(Soepartini et al. 1994). Thus, the status of nutrients
in the soil can not be used as a probe response to
fertilization and crop fertilizer requirementsfor crops
in question before calibrated with experimental
resultsfertilization (Widjaja-Adhi 1993; 1996; Voss
1998).

Several methods can be used to ascertainment
the classof theavailability of nutrients such as Cate-
Nelson graphical method (Widjaja-Adhi 1996). In
this method, the critical threshold values obtained
indicate that the nutrient status of the soil nutrients
that have a soil test value is lower than the critical
threshold value considered low class, whereas
greater than the critical threshold value including
high class. Cate-Nelson graphical method only
providestwo classes (categories) soil test, whichis
alow class (response to fertilizers) and high class
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(noresponsetofertilizer). Another method that gives
the class of nutrient availability more than two
classesisacontinuous curve method (L el wakabessy
1996; Dahnke and Olson 1990) or analysis of
variance modified method (Widajaja-Adhi 1986).

Ascertainment of K nutrient availability class
with some methods are very important in terms of
getting the best method in the preparation of
fertilizer recommendations for maize. K soil test
calibration studies conducted with asinglelocation
to remember the way the approach is relatively
inexpensive, easy and fast, but to obtain more
accurate data needs to be done through amulti-site
approach.

The aims the research was to get the best
method in determining of K nutrient classfor corn
indry land.

MATERIALS AND METHODS

Nutrient soil test calibration study K for corn
conducted on dry land by using the approach of a
singlelocation, that isby making artificial soil nutrient
status of very low to very high and subsequently
implement fertilization experiment in each nutrient
status.

Type of soil in the experiment at the level of
ordersincludeAlfisolsand at thelevel classified as
Typic Rhodustalfsfamily. Averagerainfall at thesite
1S291 mm/month with 18 days the number of rainy
days. The highest rainfall occursin February which
reached 1,008 mm while the lowest rainfall occurs
in August. The event was doing in Gowa, South
Sulawes during two years.

The experiment consisted of two stage, namely
thefirst stage of making artificial soil nutrient status
K, and the second stageK fertilization experiments
were placed inlocationsthat have been conditioned
of K nutrient status.

Stage I: Preparation of Artificial K Nutrient
Satus

K fertilizer wasgiven at adose of OX (K status
isvery low), 1/4X (low), 1/2X (medium), 3/4X (high),
and X (very high), where X is the number of K
fertilizer given that K in the soil solution reached
0.02mg K/I (Widjaja-Adhi et al. 1990), defined by
the absorption curve of K according to Fox and
Kamprath method (1970). K dose used in the first
stageisbased on K maximum absorption, ie 200 kg
ha! of Potassium Clorida (KCl).

Potassium clorida is given to the respective
main plotsin accordance with the treatment before
planting. Evenly spread fertilizer and soil stirred until
completely homogeneous. Urea and ZA,

respectively at adose of 300 kg (3 timesapplication)
and 50 kg ha* given bolt spread on crops, whilethe
SP-36 at a dose of 250 kg ha' provided with
Potassium Clorida.

Experimental plots were 30 m x 20 m. The
experimental design wasinarandomized completely
block design with three replications. The experiment
consisted of five treatments, namely: (1) very low
K nutrient, (2) low K nutrient, (3) moderate K
nutrient, (4) high K nutrient, and (5) very high K
nutrient status. Indicator plants are maize with a
spacing of 75 cm x 20 cm. In thefirst phase of the
experiment (incubation experiments), in additionto
soil is expected to reach reaction equilibrium
constant (steady stage) or K nutrientsfrom manure
turned into the soil nutrient K, isaso the basisfor
fertilization experiment inthe second stage at various
K nutrient status of the soil.

Sagell : K Fertilization on Corn in Dry Land

After the completion of the first stage of the
experiment, soil samplesweretaken from each plot
treatment by composite about 1 kg for ascertainment
of soil K levels with 25% HCI, NH,OAc pH 7, pH
4.8 NH,OAc, Bray-1 and Olsen method.

Further experimental plotsinstagel, splitinto
plotsmeasuring 6 m x 4 m. The experimental design
used in the second stage is a split plot with three
replications. Inthemain plot isK nutrient status of
the soil (which acquired the activities of stage 1),
namely: very low K nutrient (A), low K nutrient
(B), moderate K nutrient (C), high K nutrient (D),
andvery highK nutrient (E), whilethesubplotisK
fertilizers, namely: 0 kg K ha? (K0), 20 kg K hat
(K1),40kgK ha'(K2), 80 kgK ha? (K3), and 160
kg K hat! (K4). Total number of treatment is 60
treatments.

Plant indicators which using are corn of
Lamuru variety. Potassium cloridais given prior to
planting at adose of 0, 20, 40, 80, and 160 kg K ha
for the treatment consecutive KO, K1, K2, K3, and
K4. Whereas urea, ZA and SP-36, respectively at
adose at 300 kg urea (3 times applications), ZA 50
kg, and 250 kg SP-36 ha given the same as in the
first stage. The parameters measured in the
experiment is the result of the second stage of the
maize plant.

Ascertainment of Nutrient Availability

Several methods can be used in the
ascertainment of K nutrient availability, including by
Cate-Ndson graphical method (Widjgja-Adhi 1996),
continuous curve (L eiwakabessy 1996; Dahnke and
Olson 1990), and analysis of variancewere modified
(Nelson and Anderson 1977).
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Cate-Nelson Graphical Method

Ascertainment procedures of nutrient
availability class with this method are as follows:
(1) make the distribution diagram of the relative
percentageyield ontheY axisand K soil test values
on the X axis, (2) the distribution diagram put the
two lines intersect (cross axis) which divides
guadrant into four parts, thelower left quadrant and
right upper quadrant as positive, and the left upper
guadrant and lower right quadrant as a negative,
(3) the cross dlide axisin afixed position until the
number of pointsin the positive quadrant as much
as possible, while at the quadrant negative aslittle
aspossible, and (4) theintersection of thecrossaxis
with X axisis acritical level nutrient value of K.
Areasthat areto theleft of thecritical thresholdis
low class and the area to the right of the critical
thresholdishigh class(Figure 1).

Relatve Yield (%2)

Continuous Curve Method

Ascertainment of availability class K nutrient
by this method are as follows: (1) pair of points
mapped relative to the value of the results of the
soil test K, (2) create acurvethrough the paints, (3)
for the curve into several classes according to the
criteriaof Cope and Rouse (1973), namely: (a) very
low: <50%, (b) low: 50-75%, (C) are: 75-100%, (d) high
andvery high:>100% e aiveyidd, asin Figure 2.

Analysis of Varians were Modified

Ascertainment procedures of availability K
nutrient class with a analysis of modified varians
method (Nelson and Anderson, 1977) are asfollows:
(1) CdculateDY _.,namely:DY _=(Y .-Y,)/

Y, .o WhereY  isthemaximumdry seedyield

andY  isdry seedyield onthe treatment without

fertilizer.
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(2) Arrangethedataby increasing the value of soil
testing.

(3) Groupping the datainto several groups DY
with basic considerationsin drawing boundaries
subgroups as follows: (a) there must be a
considerable reduction of DY _ between
values either side of the separation barrier
and the average DY __ should up, (b) dividing
lineisnot drawn between thetwo soil test values
are the same or nearly the same, and (c)
members of at least two.

(4) Calculated data pairs (ni), deviation standard
(Si), and the average DY __ . of the group to-1
and pooled Sof all groups.

(5) Test the difference between two D Y max
median of consecutive groups with Student’s
t-test one-way by the formula:

t= DY ., DY ..J)/S@Un+1n_ )%
When the difference D Y max on average
between two successive groups are not real,
then the two groups merged into one. Based
on the number of new groups, the procedure
returnsto step 4 and continueto step 5. Thisis
repeated until the value of the average
difference between the two groups were
sequentially real (Nelson and Anderson 1977).

RESULTS AND DISCUSSION

Statuss of Soil K Nutrient

Dataexperiment of K nutrient which obtained
through experimentsin thefirst step onthefield is
very irregular (erratic). Oneof the suspected causes
for the land has not reached equilibrium constant
(steady stage) or inother wordsK fertilizer nutrients
has not changed completely into nutrient soil K
during incubation in thefield in a state of drought.
Other causes are factors beyond the ability of
management experiments, both in the field and in
thelaboratory.

Availability Class of K Nutrient
Cate-Nelson Graphical Method

Availability classof K nutrient which obtained
by Cate-Nelson graphical method with various
extractans consist of two classes, namely low class
and high class(Tablel). Low K classisobtainedin
theareatotheleft of critical level values, whilethe
highK classareasthat are ontheright of thecritical
level value. Boundary between low K classand high
K class referred to as the “critical level”.

Table 1. Availahility class of K nutrient for maize
based on Cate-Nel son graphical method.

Availability Class

Eio” Ted! Unit of K nutrient
tractants Low High
NH,OAcpH 48 meK 100g® <030 >0.30
NH,OAcpH7 meK100g® <035 >0.35
Bray-1 ppm K,O <178 > 178
Olsen ppm K,0 <213 >213

Critical threshold values obtained with the K
nutrient by Cate-Nelson graphical method are 0.3
me 100 g?, 0.35me 100 g?, 178 ppm, and 213 ppm,
respectively for extrantants NH,OAc pH 4.8,
NH,OAc pH 7, Bray-1 and Olsen, as presented in
Figure3.

Ascertainment of availability classof K nutrient
with Cate-Nelson graphical method (Figure 3) is
very weak because it only consists of two classes,
low and high, or response and no response to
fertilizer K. But according to Dahnke and Olson
(1990), theclass categoriesarelocated in the critical
level value. Cate-Nelson graphical method has
disadvantages as well, also has the advantage, that
it can know thecritical value of anutrient inrelation
towhether or not to do an act of fertilization. Critical
threshold values obtained withthe K nutrient Cate-
Nelson graphical method can be used as areference
inthe act of fertilization on asoil type.

Continuous Curve Method

Ascertainment of availability classof K nutrient
with continuous curve method at various extractors
K are presented in Figure4. Based on the continuous
curve method, extracting NH,OAc pH 7 provides
two classesof nutrient availability, ielow and medium
K class, while the other extractors generate three
classes, namely the classK isvery low to moderate
(NH,OAc pH 4.8 and Olsen), and low K class to
high class (Bray-1), asin Table 2. Only extractors
Bray-1that provides high-class categoriesK, while
the other extractors obtained through the classK is
very low to moderate.

Analysis of Variance Modified Method

Ascertainment of availability classof K nutrient
by using analysis of variance modified methods
(Nelson and Anderson 1977) showed that a class
of nutrients K obtained by extracting NH,OAc pH
4.8, NH,OAc pH 7, Bray-1 and Olsen, each
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Figure4. Availability classof K nutrient by continuous curve method on various extractans.

producing three groups, namely K low, moderate,
and high class.

Thethird methods of determining theavailability
class of K nutrient to cornin dryland is known that
theanalysis of variance modified method givesthree

classes of K nutrients, and other methods are
generally reach two or three classes, so that analysis
of variance modified method can be used as a
referencein determining the nutrient availability of
K class.
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Table 2. Availability class of K nutrient for maize based on continuous curve method.

Availability Class of K nutrient

Soil Test Unit Very
Extractans Low Moderate High
Low
NH,OAc pH 4.8 meK 100 g™ <015 0.15-0.03 >0.30 --
NH,OAc pH 7 meK 100 g* - <0.35 >0.35 -
Olsen ppm K0 <110 110-190 > 190 --
Bray-1 ppm K,0 -- 170 170-340 > 340
Effect of Fertilization for Maize REFERENCES

Grain yield drying of maize obtained in the
second stage of the experiment. From this datawill
beseenthat ingenerad, theaverage of theyield highest
maiz obtained on fertilization at 80 kg K ha? for K
nutrient very low class to moderate class, and the
fertilization at 20-40 kg K ha? for high K nutrient
class.

K fertilization until dose 80 kg K ha?! at
different K nutrient classes increased yield, but if
the dose increased until to 160 kg K ha?! the
decreasing of yield. Thus, K fertilization for Lamuru
variety on Alfisol typeis80 kg K ha is sufficient.
To determine the optimum dose of the preparation
needsto be done recommended dose using response
curvefertilization (Widjgja-Adhi 1993; 1996). Based
onthiscurve, optimumK fertilizer is determined by
following the laws of economics. Recommended
doseof fertilizer isfertilizer doseto achieve optimum
results. Optimum fertilizer usually occur when crop
reaches 90% maximum yield (Affandi et al. 2001)

CONCLUSIONS

Ascertainment of K nutrient class for maize
by some of the methods are as follows: (a) Cate-
Nelson graphical method provides two classes of
nutrient K, thelow-and high-K classes, (b) continuous
curve method gives two to three classes, namely
theclassK very low and moderate, and low-to high-
K class, and (¢) a modified method of analysis of
variance givesthree classes, namely low-to high-K
class.

The average highest yield of maize obtained
at fertilization rate 80 kg K ha' for very low K class
through moderate class, and fertilization rate 20 kg
- 40 kg K ha! for high K nutrient class.

Analysisof variance modified method givethe
best yield for determination of availability class K
soil nutrient for cornindry land.

Toobtainthe nutrient availability of classK is
more accurate for a certain soil-plant system is
recommended with multi-location approach.
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