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ABSTRACT

A series of pot experiments were conducted in the net house
with thirty one soils representing seven general soil types and
fourteen agroecological zones of Bangladesh. The major cbjectives
of the study were: (1) to evaluate the suitability of K
extractant (s) for soils; and (2) to determine the critical limits
of potassium for socils and some selected upland crops wheat
(Triticum aestivum L.), potato (Sclanum tuberosum L.) and groundnut
{(Arachis hypogaea L.). Five levels of potassium i.e., 0, 25, 50, 75
and 100mg K Kg-' for potato, and 0, 15, 30, 45 and 60mg K Kg-! for
wheat and groundnut were applied in pots to cobserve the response of

applied nutrient on the dry matter yield of crops.

The study was conducted with five K extractants and the K
extracting ability of five extractants was found in the fellowing
order: 1N HNO, > cold H,80, > 0.25N NaHCO, > 1N NH,OAc > distilled

water.

For wheat plant, cold H,S0, was the best among five
extractants, as it gave highest r wvalues with per cent K
concentration (Ko) followed by per cent relative yield of wheat.
Critical limits of scil K for wheat were found to be 0.13, 0.28
(meg K/100ml scil), 1.86, 0.34 and 0.08 meg K/100g soil for 1N
NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,S80, and distilled water
respectively worked out by both graphical and mathematical
procedures, where as critical K concentration limit in wheat plant
was 4.02 and 4.04% calculated by the same procedures as followed in

soil for 1N HCl extraction procedure.

xxiii
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For potato plant, 1N NH,OAc extractable K was highly
significant and positively correlated with K uptake (Ko) and K
concentration (Ko) among five extractants, as it offered higher x
values. Critical limits of soil K for potato obtained by graphical
procedure were as 0.29, 0.24 (meg K/100ml soil), 0.90, 0.30 and
0.14 meqg K/100g soil for 1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold
H,80, and distilled water respectively but by mathematical
procedure, critical limits were 0.29, 0.25 (meg K/100ml soil),
0.93, 0.31 and 0.15 meqg K/100g soil respectively for the same
extractants as used in graphical procedure. Critical K
concentration limit in potato plant was 6.40 and 6.46% for 1N HC1l

extractant by graphical and mathematical procedures respectively.

For groundnut plant, distilled water soluble K performed
significant and high degree of correlation with K uptake (Ko) of
groundnut over the other four extractants. Critical limits of soil
K for groundnut extracted by 1N NH,OAc, 0.25N NaHCO,, 1N HNO,;, cold
H,50, and distilled water appeared to be 0.36, 0.36 (megq K/100ml
soil), 2.16, 0.18 and 0.12 meq K/100g soil respectively for
graphical procedure but for mathematical procedure, these values
were as 0.36, 0.37 (meqg K/100ml scil), 2.17, 0.18 and 0.12 meq
K/100g so0il. The values of 1.10 and 1.13% were determined as
critical K concentration limit in groundnut plant by graphical and
mathematical procedures respectively for 1N HCl extraction

procedure.

For all extractants and crops, applied K fertilizer use
efficiency was found maximum in soils with K values below the
critical limit and minimum in soils with X wvalues above the

critical limit.
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CHAPTER 1.0

INTRODUCTION

Plant needs at least sixteen elements (macro and micro)
essential for growth and nutrition. Of those nitrogen (N),
phosphorus (P) and potassium (K) are widely known as major plant
food elements and are taken up in large quantities. Potassium in
particular, is taken up by plants in higher quantities than any
other element for vigorous and healthy growth. Potassium occurs as
a simple cation (K') throughout the soil-plant system. It is rather
mobile and therefore, subjected to considerable leaching in sandy
soils, especially if the pH is relatively low. Deficiency of this
element affects various physiolegical and biochemical processes and
thereby reduces crop yield (Mengel, 1985). Potassium is available
in all categories of soils at exchange complex but in greater

quantity in clay soils (Charles et al., 1982).

Potassium acts as an activator of dozens of enzymes
responsible for several plant processes such as energy metabolism,
starch synthesis, nitrate reduction and sugar degradation.
Potagsium is extremely mobile (FAO, 1984; PPI., 1983; Anonymous,
1985 and PPIC., 1989b) and its high mobility permits it to move
quickly from cell to cell or from older plant tissues to newly
developing tissues. Its relatively high concentration in plant
cells helps to regulate the opening and closing of stomates in the

leaves and uptake of water by root cells. The stomatal opening and

1.
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closing is strongly controlled by water relations of guard cells.
In this respect, K' ions are known to be involved in the opening
and closing of stomata (Sinha, 1978). At night, due to darkness,
high intracellular CO, concentrations and abscisic acid induce

stomata closure (Beringer, 1978).

Potassium is considered as essential nutrient to cereals for
grain formation. It aids in the development of plump and heavy
kernels. Adequate supply of potassium is also necessary for tuber
development. Potassium tends to prevent undesirable lodging of
plants and to counteract the damaging effects of excessive nitrogen
by increasing crop resistance to certain diseases by encouraging
strong root and stem systems. Potassium also exerts a balancing
effect on both nitrogen and phosphorus (Brady, 1984) . Unlike
nitrogen and phosphorus, potassium is not a constituent of any
plant structure or compound, at the same time it is essential in

nearly all processes needed to sustain plant life (PPIC., 1989b).

Potassium deficiency generally occurs in acid sandy soils or
highly leached lateritic soils. This element is also low in organic
soils such as peat and muck soils. The soils which have very high
contents of Ca and Mg may also restrict K uptake by the plants
leading to K deficiency. Lack of soil moisture may also lead to K
deficiency in plants (Nijjaxr, 1990). As K is highly mobile within
the plant, the first symptoms show con older leaves since their X

supplies are drained to supply young leaves. The first sign of
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potassium deficiency is the reduction of growth rates. Plants
become stunted and usually leaves become darker green. At a more
advanced stage, specific deficiency symptoms begin to appear as
white, yellow or orange chlorotic spots or stripes on older leaves,
usually starting from the leaf tips and margins. The base of the
leaf generally remains dark green. The symptoms spread to younger

leaves and finally the entire plant may die (PPIC., 1989a).

Potato {(Solanum tuberosum L.) 1is one of the world’s most
nutritious food items for human consumption in the world. The ratio
of protein to carbohydrates in potato is higher than that in many
cereals, roots and tubers. In developing countries, potatoes rank
first in energy production per hectare per day, above cassava, the
cereals and pulses. In Bangladesh, potato production and acreage
are increasing day by day (Appendix 7.7). Potato is one of the
potash loving crop generally grown in Bangladesh. Total yield and
quality of potato can be influenced by potassium nutrition in a

number of ways, including the followings:

- better utilization of N and increased protein content,
- improving the size of tubers,

- shape of seeds and tubers (BARC., 1991).
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Being a high biomass yielder, the requirement of potassium in
potato is higher than nitrogen (Shah and Ismail, 1983). A good
supply of potassium in the form of fertilizer is therefore

essential for good potatc production {Anonymous, 1985).

Wheat (Triticum aestivum L.) is now the second most important
cereal crop grown in Bangladesh. It can be grown successfully
under a wide range of soil conditions but it is best adapted to
fertile, well drained silt and clay loam soils where cool climate
persists and supply of soil moisture is adequate for at least 120
days. The climate of Bangladesh is favorable for wheat cultivation.
The production and acreage of wheat in Bangladesh are increasing
day by day (Appendix 7.7). For optimum growth and maximum yield,
wheat needs an adequate and balanced supply of all nutrients along
with large quantities of potassium. In Bangladesh, crop quality and
high yields are being often constrained by insufficient supply of

potassium in many soils (BARC., 1991).

Groundnut (Arachis hypogaea L.) commonly known as "badam", is
one of the important oil seed crops grown in Bangladesh. It is
generally cultivated during rabi and kharif seasons under rainfed
condition. It stands fourth in respect of production and fifth in
acreage in Bangladesh amongst the oilseed crops (BSS., 1991). Being
a legume crop, it increases the fertility of the soil by fixing 80-
100 kg atmospheric nitrogen per hectare per year (Islam et al.,

1982} and removes approximately 110kg K,0 ha* (PPIC., 1989b). The
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average yield is recorded in Bangladesh about 1.16 ton ha™?! during
1993-394 (BBS., 1995). In Bangladesh, groundnut is generally grown
in light textured scils and thereby potash requirement for the
optimum growth and yield is higher than that of nitrogen and

phosphorus.

Soils of Bangladesh have been divided into three major
physiographic groups: Flocdplains (9.7 m ha), Terrace (1.0 m ha)
and Hills (1.6 m ha). Floodplains of the Ganges, Brahmaputra,
Meghna and small rivers occupy flat or very gently undulating
relief comprising breocad and narrow ridges and depressions. Ganges
and Brahmaputra sediments are rich in weatherable minerals which
contribute to soil fertility particularly potassium. Piedmont
sediments derived from the eastern hills generally have low content
of weatherable minerals. Terrace comprises a wide range of soils

formed over Modhupur Clays which is low in weatherable minerals.

The available potassium (0.25N NaHCO,) status of different
soils of Bangladesh is classified as low, medium, optimum, high and
very high. The potassium status of most hilly scils is low (0.08-
0.17 me %). Potassium status of most terrace (0.14-0.27 me%) and
piedmont (0.08-0.19 me %) soils is also low to medium. Most soils
of Tista Floodplains are deficient in available potassium (0.13-
0.17 me%). Soils of Surma-Kushiyara Floodplains are also deficient
in available potassium (0.10-0.16 me %) but the soils of southern

part (Ganges Floodplain Soils) of Bangladesh contain high level of
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available potassium (0.28-0.71 me%}. On the other hand, Meghna and
Brahmaputra Floodplain soils contain generally low content of
available potassium (0.07-0.15 me%) (BARC., 1991). Most of the
alluvial soils and sediments of Bangladesh are rich in X bearing
minerals and K content (Habibullah et al., 1971; Karim et al.,

1978; Karim, 1980 and Huizing, 1970).

Soil testing for fertilizer requirement is a well known
practice for efficient management of fertilizers. Most of the soil
testing laboratories in Bangladesh recommend fertilizer application
on the basis of soil fertility classes (low, medium, optimum, high
and very high) but their recommendation are not adequately equipped
with crop response data. As such, the information on proper
fertilizer use emanating from soil testing laboratories must
primarily be based on critical socil fertility limits of different
nutrients of soils and plants (Singh et al., 1991). For the
estimation of potassium fertility status of the soils, a number of
chemical extractants have widely been wused in different
laboratories. Among these, only 5 different extractants were used
in the present study (1N NH,0Ac, 0.25N NaHCO,, cold H,S0,, 1N HNO,
and distilled water) considering their availability and simplicity
of procedure to determine K. In selecting an extractant for a
particular soil and nutrient the important consideration is the
degree of correlation between the extracted nutrient and plant

growth.
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Plant analysis can also be used to increase crop production
through improve fertilization practices in several ways including
evaluation of fertilizer programmes, controlled feeding, diagnosis
of abnormal growth or detection of deficiencies, as a guide to
harvest and in plant nutrient surveys (Ulrich et al., 1967a). Plant
analysis is a diagnostic tool and is still in its infancy as a
guide for crop production. The basic principle of the use of the
plant analysis is that the chemical composition of the plant
reflects its nutrient supply in relation to growth. By comparing
the analysis of a series of plant samples drawn through the growing
season with critical values, it is possible to determine how well
fertilizer is meeting the needs of the crop (Dhillon et al., 1988).
In case of plant sample, dilute HCl method was chosen because of
being less cumbersome, less time consuming, no hazard of digestion

like that of tri-or-diacid digestion system.

Critical limit is a point or a level of nutrient(s) below
which the probability of an economic response to added fertilizer
is high (soil test value low) and above which the probability of an
economic response to added fertilizer is low (soil test value high)
(Cate et al., 1965). Since the introduction of the concept of the
critical limit by Cate and Nelson (1965), most of the information
on critical limit of nutrient is based on the fesults of pot
culture experiment (Gupta et al., 1993). Thus, the crop grown in
soils containing K less than the critical level is expected to

respond K fertilization significantly. Thus a sound scil testing
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programme for rational and judicious fertilizer use with the
intention of desired crop yield must be based on critical soil
fertility limits of different nutrients in soil of the area (Rao et

al., 1992).

The critical limits of K in soil or plant are generally been
determined using either of graphical or statistical procedures.
Macy (1936) considered the zone of minimum percentage, poverty
adjustment and luxury consumptiocn while adopting graphical method
to determine the critical limit. The graphical method suggested by
Cate and Nelson (1965), involves arbitrary intersecting a pair of
perpendicular lines developed through the percent relative yield
(Y-axis} against available K in soil or K concentration of plant
(X-axis) because the selection of growth just below the maximum
growth level was arbitrary (Sharma, 1991). In practice, Cate-Nelson
scatter diagram provides a simple yet highly effective tool for
evaluation of scil analytical methods (Donovan et al., 1973). Cate
and Nelson (1971) reported a mathematical model for determining
critical limit of soils or plants for which a large body of data is
desired in order to get accurate critical values (Sharma, 1991).
Yadav et al. (1984) stated that the Cate-Nelson statistical
approach is recently used by many workers because it can able to
provide quantifiable wvalues for separating categories of the

nutrient by determining critical level.
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In view of the above importance and statement of the problem,
thirty one locations representing seven general soil types and
fourteen agroecological zones cof Bangladesh were selected on the
basis of low, medium and high exchangeable potassium category for
this study. In the present study, five extractants have been used
to asses inherent capacity of the secil to supply potassium to
growing plants. In order to elicit further information on potassium
fertility evaluation, an investigation has undertaken with the
objective of identifying the best K availability index of five
different K extractants, their response to upland crops and
thereafter determine the critical limit of potassium in soils and
upland crops (wheat, potato and groundnut) using Cate and Nelson

graphical and mathematical procedures.

Critical limit either of soil or plant can be effectively used
to separate K responsive soils or crops from the non-responsive
ones and be of great help for the extension workers and researchers
for judicious and rational K fertilization programme of upland
crops. Therefore, the critical limit of K is important in working
out fertilizer schedules. The present study was undertaken to

fulfill the following objectives.

5 To find out potassium status of the scil of thirty one
locations.
2. To chalk out K availability index from five different

potassium extractants.
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To determine the relative yield percentage of wheat, potato
and groundnut from the limit of plateau yield response as
compared to threshcld yield (Ko).

To determine potassium concentration in the dry matter of
wheat, potato and groundnut at different levels of added
potassium for to find out K uptake and per cent relative
yield.

To calculate the uptake of potassium using the value of
potassium concentration and the dry matter yield of wheat,
potato and groundnut.

To determine the critical limit of potassium in soils and
crops i.e., wheat, potatc and groundnut using Cate and Nelson
graphical and mathematical procedures.

To determine the efficiency of applied potassium for the dry
matter yield of wheat, potato and groundnut.

10
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CHAPTER 2.0

REVIEW OF LITERATURE

2.1 Importance of potassium in agriculture

Potassium is the third major plant nutrient element in the N-
P-K fertilizer grade. It is a cation that has one positive (+ve)
charge and is taken up as large quantities than any other element
by the plants as K ions (Hignett, 1982). Potassium is essential for
the growth and development of plants {(Mengel, 1985). Over the
years, the crop yield has greatly increased as a result of improved
irrigation, more intensive cropping and extensive use of nitrogen
fertilizers. On the other hand, the use of mineral fertilizers has
been reported to be imbalanced in favor of nitregen. As a result
potassium deficiency is increasing day by day and becoming a
limiting factor to crop yield and response to other fertilizer

nutrients (Anonymous, 1985).

2.2 Symptoms of potassium deficiency

As potassium is highly mobile within the plant, the first
common hunger sign is scorching or firing and browning along leaf
margins of the tip of older leaves. This gradually progress inwards
and chlorotic areas become necrotic. The tissue dies and leaves dry
up. Potassium deficient plants grow slowly. They have poorly
developed root systems, stalks are weak, susFeptible to lodging,
pests, diseases, frost etc. Seeds and fruits are small and

shrivelled, low yield and in general poor crop quality. Plants with

11
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inadequate supply of K are very susceptible to unfavorable weather

(FAC., 1984; PPI., 1983; Anonymous, 1985 and PPIC., 1989a).

2.2.1 Symptoms of potassium deficiency in potato

The first sign of potassium deficiency in potato is reduced
growth rate, slightly smaller leaves and a darker green leaf
colour. This is followed by an interveinal chlorosis of the oclder
leaves. As the chlorosis intensifies, leaf tips and margins become

necrotic, the leaves curl upwards and dry up (Anonymous, 1985).

2.2.2 Symptoms of potassium deficiency in wheat

Potassium deficient wheat plants get stunted and wilted during
dry weather. In the older leaves chlorotic tips appears and result
in necrosis. The chlorotic area gradually moves downward on the
leaf. As the chlorosis moves faster on the leaf margin than near
the midrib, an "arrow" of green tissue is left around the midrib.
The calms of potassium deficient wheat becomes thin and weak, thus
cannot respond well to nitrogen application and 1is also more
susceptible to frost, drought and diseases. At flowering stage,
potassium deficient wheat plant shows yellowing at the tip of the
flag leaf. K deficient wheat plants will have poorly filled ears,

especially at the top (Anonymous, 1985 and PPIC., 1989a).

12
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Disintegration and decomposition of rocks containing K-bearing
minerals are the principal source of K. The minerals that
generally considered to be the sources of K are the potash feldspar
(KALSi,O4) , muscovite (H,KAL,S1i0,) and biotite (H,K),
(Mg, Fe) ,AL, {Si0O;) . Potash bearing minerals almost exclusively occur
in the sand and silt fractious of the soil and occasicnally in
coarse clay. The availability of K in these minerals is in the
order of biotite > muscovite > potash feldspar. Potassium is also
present in the soil in the form of c¢lay minerals such as
montmorillonite, illite, vermiculite, chlorite and other minerals
(Nijjar, 1990). According to Tandon et al. (1988e) the general
sequence of weathering of K bearing minerals in soil can be

depicted as follows:

Mica (10% K) ---» Hydrous Mica (6-8% K) ---» Illite (4-6% K) -->
Transitionary c¢lay wminerals (2-3% K) --> Montmorillonite,

Vermiculite (<« 1% K).

2.4 Factors influencing soil potassium availability to plants
Most mineral soils, except sandy are comparatively high in
total potassium (35,000 - 55,000 kg potassium per hectare furrow

slice) (Brady, 1984).

Several factors may influence the availability of soil
potassium to plants. These are: (i) leaching, (ii) amounts and

type of clay minerals, ({(iii) soil pH and liming and (iv) soil

14
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structure, water content and soil temperature (PPIC., 1989b).
Chatterjee et al. (1984) reported that the various factors which
can affect the availability of potassium are wmineralogical
characteristics, texture, CEC, organic matter, quantity/intensity
relations, interaction with other cations (Ca**, Na' NH,*, AL" etc},

moisture regime, environmental stress etc.

2.5 Potassium fertility of Bangladesh soils

Based on critical potassium level (0.17 me%) of the soil for
the upland crops, about 50% of the cultivable area of Bangladesh
has low exchangeable/ available potassium, 30% has medium (0.18 -
0.34 me%) and the rest 20% has (mostly in southern saline and low
lying areas) high exchangeable potassium (>0.51 me%) . The potassium
status of soils are classified as low s0.17, medium 0.18-0.34;
optimum 0.35-0.51, high 0.52-0.68 and very high >0.68 me% based on
available potassium content of 0.25N NaHCO, method (ASI method).
Ganges and Brahmaputra sediments are rich in weatherable minerals
which contribute potassium to enrich soil fertility. Piedmont
sediments derived from the Eastern Hills and Terrace formed over

Modhupur clays contain low content of weatherable minerals.

The soils of Surma-Kushiyara, most soils of Tista Floodplains
are deficient in exchangeable potassium and most soils of Hills,
Terrace and Piedmont contain low to medium exchangeable potassium.
But the soils of southern part of Bangladesh contain high level of

exchangeable potassium (BARC., 1991).
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2.6 Loss of potassium from soil

Nijjar (1990) indicated that the continuous removal of leafy
and other crops from the soil without adding any farmyard manure or
some other suitable K-bearing minerals to the soil result in loss
of considerable quantity of K. leaching and erosion are other
sources of K loss from the soil. In the silt-loam and heavier-
soils, the losses due to leaching are usually negligible but

leaching may be considerable in light textured sandy soils.

2.7 Transformation of added potassium

Potassium fertilizers (KCl, K,S0, etc) are generally water
soluble. When K fertilizers are added to the soil they are exposed
to soil moisture and are dissociated into the cation K' and the
anion (Cl° or 80,). The cation K' is largely held on to the
exchange complex as an exchangeable cation and a small amount is
present in a freely mobile form in the soil solution (Tandon et
al., 1988b). The fate of the fertilizer in the soil depends on the
type of clay minerals present in the soil. But any of the
followings can happen to it (Tandon et al., 1988b and PPI., 1983}.

1. It can be attracted to the surfaces of soil clays and organic
matter and loosely held there in exchangeable form;

2. Some of it can remain in the soil solution;
3. Some can be taken up immediately by the growing crop;

4. Part of it can be "fixed" or converted to an unavailable or
slowly available form in some soils and

5. Part of it can be lost by leaching, particularly in scoils with
low CEC {e.g., high kaclinitic clays, very sandy and organic
soils (peat soils) and coarse texture combined with high
rainfall or over irrigation).

16



Dhaka University Institutional Repository

2.8 Release of non-exchangeable potassium
Generally soil releases its non-exchangeable (including fixed)
potassium, when there are: (i) considerable leaching from the soil;
(ii) temperature rises and the soil dries; (iii) acid soils are
limed and (iv) rate of crop growth and K uptake is high (Tandon et

al., 1988b).

2.9 Condition favors the fixation of applied potassium

Tandon et al. (1988b) reported that a soil fixes a part of the
applied potassium if the scil is; (i) rich in montmorillonite,
vermiculite and weathered micas and {(ii) in acidic¢ condition (if

the soil pH is less than 5.5).

2.10 Potassium uptake by crops

Field crops generally uptake potassium faster than they uptake
N or P or buildup dry matter. However, the rate of K uptake during
the crop growth varies with the variety and climatic condition
(Maity et al., 1980). The quantity of K uptake by crops is
influenced by its availability, the requirements of the particular
crop and the physical, chemical and bioclogical conditions of the
environment in which the crop grows. It has been reported that
potassium uptake at the peak demand period (midseason) can be 40 to
50 percent more than that measured at maturity. There were
substantial losses of potassium observed between flowering to
maturity due to leaching from aging leaves, leaf fall, and possibly

also by leakage from mature roots (PPIC., 198%b).
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Nutrient uptake by potato during the first month after
planting is usually very low because the requirement of the plant
is minimum {(Lorenz et al., 1954). Xleinkopf et al. {1979) reported
that the potato plant takes up only about 10% of the total applied
nutrients after 30 days of emergence, while Lorenz et al. (1954)
indicated that most of the tuber growth occurs and plants
accumulate nearly two-thirds of the total nutrient uptake during 40
to 50 days of emergence. Carpenter (1957); Cummings et al. (1968)
and Jackson et al. (1959) recorded 100 to 150 kg K uptake per
hectare by potato vines and approximately 100 kg in tubers when the

yield level was considered as 30 to 40 ton ha™.

In the studies of the growth rate and uptake cf wheat,
Anghinoni et al. (1981) reported that shoot growth was exponential
with time to 30 days and linear thereafter. They showed with
increasing plant age there was decrease in average K uptake rates
of 0.90 pmol cm's? at S to 10 days to 0.16 to 0.19 pmol cmi's™?

between 28 and 48 days.

Zalawadia et al. (1983) found in an experiment that groundnut
crop (108 days period) uptake 130 kg KO, ha'. They also reported
the X uptake of the crop was 59 kg in the 60 - 108 days period. The
utilization of potassium in root crops is higher than the cereals
and o©0il seeds. The approximate uptake of potassium have been
estimated 310, 175 and 110 kg ha' by potato, wheat and groundnut

respectively (PPIC., 1989b).

18
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2.11 Potassium requirements during the growing season

Potassium requirement in a crop varies within a growing
season. For annual crops, potassium requirement is low at the
beginning of growing season. As the crop grows, its need for
potassium increases particularly during the vegetative to flowering

stage (PPIC., 1589b).

2.12 Methods of potassium determination in soil

The estimation of potassium in soil is very important and its
availability is usually measured by using different chemical
extractants. The suitability of any chemical extractant for
assessing soil potassium status depends on its ability of
extracting potassium from the soil in relation to its uptake by
plants. Page et al. (1984) indicated that as an extractant, cold or
dilute acid extracts K in a short period of time and removes
approximately the same amount of K from most of the soil as does
with 1N NH,OAc. They alsoc mentioned that the cold H,S0, extraction
is most useful for acidic and neutral soils but until it is shown
to be effective, the 1N NH,OAc extraction is a safer index for
measuring K availability in calcareous soil. Moreover, Page et al.
(1984) reported that acid type extractants (cold or dilute) are
suitable for many soils that have a CEC < 10 meq/100g soil and

relatively low in organic matter content (<5.0%).
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2.12.1 Common extractants for potassium determination

For the estimation of potassium fertility status of the soils,
a variety of chemical extractants/solutions have widely been used
in different laboratories over the years. Among these 1N ammonium
acetate, dilute sulphuric acid and hydrochloric acid solution,
sodium acetate + acetic acid mixture (Morgan‘s reagent), calcium
ammonium lactate, boiling nitric acid, distilled water, sodium
bicarbonate, electro-ultrafiltration (EUF) methods are the common
means for extraction of potassium from the soil (Tandon et al.,
1988c) . Beside these, there are some other extractants are still
being used in the United States for estimating K including the
Bray-1 extractant (Schulte and Olsen 1970), NaNo,, and double acid
(HC1-H,80,), (CSTPA., 1974) extractant. Some of these are used as
multipurpose extractants that reduce the time and cost of soil

testing (Page et al., 1984).

2.12.2 X extraction with 1N ammonium acetate

Potassium determining extractants are usually maintained
equilibrium with neutral 1N NH,OAc or other cation replacing
agents. As such, they remove 80 to 95% of the exchangeable
potassium. The most universally employed index to K availability is
exchangeable K, i.e., the K extracted by neutral 1N NH,OAc. The
council on soil testing and plant analysis (CSTPA) (1974) reported
that neutral 1N NH,OAc is the most commonly used extraction reagent
for determining K, Mg, Ca and Na in most soil testing laboratories

in the United States. Pretty (1978) reported that to determine the
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K nutrition of plants, exchangeable form of potassium measurement
is an important widely used parameter. It has been indicated that
many plants, especially trees, are able to absorb greater amounts
of potassium from soil than is expected with normal ammonium
acetate (Wilde et al., 1979). Thus, the use of other extracting

solutions, including nitric or sulphuric acid has been suggested

(Pratt and Morse, 1954; Hunter and Pratt, 1957 and Leaf, 1958).

The 1N NH,OAc extractant is used to extract exchangeable K
from the soil Tandon et al. (1988d). Black (1965) indicated that
the exchangeable K in soil which is free to exchange with cations
of the salt solutions added and readily available to plants. On the
other hand, available K in soil is the sum of the exchangeable and
water soluble K. In some desert type calcareous soils, K extracted
by the Morgan's reagent (NaOAc + HOAc) was found to be less than
half the amount extracted by ammonium acetate (Talati et al.,
1974). In India 1N NH,OAc is commonly and widely being used as an
extractant in all the 450 soil testing laboratories to estimate

available potassium (Tandon et al., 1988c).

Most laboratories in the central and western USA use 1N NH,OAc
extractant for determining K level in calcareous soil. Many soils
in these regions consist of higher exchange capacity requiring
strong replacement extractant than is afforded by the weak acid
procedures. Fageria et al. (1991) reported that ammonium acetate
extractant is suitable for a wide range of soils and most commonly

used in routine soil testing laboratories.
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2.12.3 Extractant for available potassium determination

There are three types of extractants for estimating K on the
basis of K availability. They are 1N NH,OAc, cold or dilute H,SO,
and boiling HNO, extractant that are used for determining
exchangeable, available as well as non-exchangeable K (Page et

al., 1984).

Extraction with cold or dilute H,SO, provides reliable index
(Hunter and Pratt, 1957) for the extraction of K from soil.
Extraction of soil with boiling HNO, is being widely used to
estimate the release of K from the non-exchangeable forms (Tandon
et al., 1988c and Page et al., 1984). This form of K (non-
exchangeable} is abundant in areas of moderate and low rainfall
(Page et al., 1984). Acids such as HNO, and H,SO, are able to
extract more K (Hunter and Pratt, 1957}. Panda (1971} and
Chowdhury (1%84) reported that potassium extracted by boiling with
1N HNO, gave the best correlation between dry matter and potassium
uptake by rice. Tandon et al. (1988d) indicated that the reserved
K (mineral K and non-exchangeable K) is considered as donor K over
a long period of time. This form of K is present in between clay
plates, not extractable by mild solutions 1like 1N NH,CAc
extractant, because of the sizeable c¢ontribution of the non-
exchangeable K to the potassium nutrition of crops is mostly at the

expense of K-depletion of the soil.
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2413 Methods of potassium determination in plant sample

The quantity of total K in crop plants and organic materials
has been determined through extraction with diacid/triacid mixture
and flamephotometry by Chowdhury (1977); Ahmed and Hoque (1978);
Anam et al. (1978 and 1982); Hoque et al. (1979); Ali et al.
(1980); Khan et al. (1980); Bhuiya and Akhanda (1982); Bhuiya et
al. (1982); Islam et al. (1982a) and Mannan et al. (1992). These
methods are time consuming, costly and hazardous. On the other
hand, dilute (1N} HCl extractant has been used to determine total
K in plant sample because the extraction procedure followed is
considered as less time consuming and low cost effective method by

Yoshida et al. (1976).

2.14 Cation Exchange Capacity in Soil

Except for soils of recent volcanic or alluvial origin, most
upland tropical soils have low cation exchange capacities thus
limiting their ability to attract and retain soluble basic cations
such as K'. The effective cation exchange capacity of many acid
tropical and sub-tropical soils may be less than 5 meg/100g, a
large part of which is due to organic colloids. In the humid
tropics an effective CEC of between 4 and 8 meq/100g is needed to
retain nutrient cations such as K' from leaching losses (PPIC.,

1989Db) .

Tandon et al. (1988d} reported that, because of low CEC,
exchangeable K was less in the red scil. The low proportion of non-

exchangeable K (fixed K) in the red soil is obviously due to the
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abundance of kaolinite clay which cannot fix K. Further, they
reported that because of low CEC in the red and laterite tea soils

of South India, the proportion of water soluble K was higher.

Higher the scils CEC the more cations it can retain. The CEC
of a scil depends on amounts and kind of clay and organic matter
present. A high clay soil can hold more exchangeable cations than
a low clay soil or sandy soil. It has been reported that the clay
minerals usually contain CEC ranging from 10 to 150 meq/100g but
organic matter 200 to 400 meq/100g. So the kind and amount of clay
and organic matter content greatly influence the CEC of soils

(PPI., 1983).
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2.15 Status of soil potassium in different extraction methods

Kumar et al.

(1991)

reported soil potassium status of

different extractants and are presented below:

K extractant

K status (kg ha™)

] Reference
Low Medium
Distilled water 8.7-14.3 8.7-20.1 -
soluble K
(1:5 soil:water)
Available K 72.4-112.7 124.1-155.2 Hanway and
(1N NH,OAc, pH 7.0) Heidal,
1952
Reserve K
(Boiling 1N HNOC, 194 .9-308.6 276.1-322.3 Wood and
DeTurk,
1941

Panda et al. (19293) determined

following K extractants:

the range of K using the

K extractant Range of K Reference
{kg ha)
Distilled water 18.8-62.5 MacLean, 1960
soluble K
1N NH,0Ac K 55.0-320.0 Stanford and English, 1949

Boiling 1N HNO, K

420.0-680.0

Reitemelier et al.

1948
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Prakash et al. (1986} have given the ranges of soil potassium

extracted by various extractants. The results are given below:

K extractant Range of K Reference
(ppm)
Distilled water 8.0-51.0 MacLean, 1961
soluble K
1N NH,OAc K (pH 7.0) 50.0-275.0 Hanway and Heidel, 1952

Boiling 1IN HNO,; K
0.5M NaHCO; {(pH 8.5)

6N H,S0,

792.0-2068.0

22.0-154.0

200.0-770.0

Wood and DeTuxrk, 1941
Olsen et al. 1954

Hunter and Pratt, 1957

Singh et al. (1992) worked out the ranges of potassium

extracted by different extractants.

K extractant Range of K Reference
(ppm)
Distilled water 14.0-30.0 MacLean, 1961
soluble K
1N NH,OAc K (pH 7.0) 50.0-200.0 Hanway and Heidel, 1952

1N HNO, K 720.0-1820.0 Reitemeir, 1951

0.5M NaHCO, (pH 8.5) 25.0-120.0 Olsen et al. 1954

6N H,SO, 320.0-608.0  Hunter and Pratt, 1957
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Ranges of soil potassium status extracted by different

extractants reported by Islam et al. {(1994) are as follows:

K extractant Range of K Reference
(mg K kg™)
Distilled water 4.0-78.0 Hanway and Heidal, 1952
soluble K
1M NH,OAc K 39.0=312.0 Pratt, 1365
Dilute H,80, soluble K 82.0-488.0 Hunter and Pratt, 1957

Conc. H,S0, soluble K 410.0-4801.00 Hunter and Pratt, 1957
1M HNO, soluble K 242.0-2496.0 Wood and DeTurk, 1941

0.5M HCl soluble K 121.0-702.0 Attoe and Truog, 1945

Haque et al. (1992) studied on the status of soil K in five
selected scil series of Bangladesh. They obsexved the range of X

statug of soils using different extractants as follows:

K extractant Range of K Reference

(me %)
Distilled water 0.04-0.21 Hanway and Heidal, 1952
soluble K

(5:50 Soil: Water)

1M NH,OAc K 0.26-0.77 Hanway and Heidal, 1952
(exchangeable K) pH 7

Non-Exchangeable K 0.40-0.97 Hunter and Pratt, 1957
1.4N H,80, K

1N HNO, K (boiling) 0.64-1.33 Woed and DeTurk, 1941

Tandon et al. (1988c) reported 1N NH,OAc solution of pH 7 is
a common and widely used K extractant as exchangeable potassium
determination in 450 soil testing laboratories in India. They
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recorded the K status as low (<120 kg K ha' or 144 kg K,0 ha™},

K ha? or 336 kg K,0 ha?).

medium (120-280 kg X ha™ or 144-336 kg K,0 ha) and high (>280 kg

A field experiment was conducted by Chaudhary et al. (1992)

during 1987-88 on Alfisols of Bihar,

India.

They analysed soil

potassium using different extractants and the ranges are given

below:

K extractant Range of K Reference

(kg ha')
Distilled water soluble K 18.9-47.9 Jackson, 1973
Exchangeable K 91.1-148.9 Jackson, 1973
Reserve K 199.8-332.0 Jackson, 1973

Ranges of K estimated by Boruah et al.

(1992) through the use

of different extractants in three major soil orders of Assam are

stated below:

K extractant

Range

of K

{(p p m)

Entisols

Inceptisols

Alfisols

Reference

Distilled
water
soluble K

Exchangeable
K (1N
NH,OAc)

Non-
exchangeable
K (1N HNO,)

7.9-15

29.2-54.1

220.5-860.3

7.9=13:20

30 7-50.0

185.4-505.4

4.5-81

35.6-72.0

401.7-790.0

Wood &
DeTurk,
1941
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Potagsium status of soils were worked out by Perumal et al.

(1991) in different K extraction methods and are given below with

references.
K extractant Range of K Reference

(kg ha-?')
1N NH,OAc (pH 7) 174-263 Hanway and Heidal, 1952
0.1N HNO, 157-241 Sobulo, 1973
6N H,S0, 202-403 Hunter and Pratt, 1957
0.5M NaHCO, (pH 8.5) 146-291 Olsen et al. 1954
Distilled water 5.6-33.6 As followed in IARI
soluble

Potassium status of alluvial soils in Jorhat district of Assam
was analysed by different K extractants. Chamuah (1987) reported

the potassium status of soils to a depth of 0-15 cm. as follows:

K extractant Range of K Reference
{ppm)
Distilled water 4.0-10.0 Jackson, 1962
soluble K
(L:25 Soil: Water)
Exchangeable K 40.0-78.0 Jackson, 1962
(1M NH,OAc)
Non-Exchangeable K 420.0-740.0 Wood and DeTurk, 1942
(1N HNO,)

Twenty farmers’ field of Rajasthan were chosen by Mazumdaxr et
al. (1987) for an initial soil survey and showed a wide variation

in distilled water soluble and ammonium acetate extractable K.
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Distilled water soluble potassium values were recorded between 2.5

and 16.4 ppm, while the 1N NH,OAc between 37.5 and 190 ppm.

Bhuiyan et al. (1992) reported that ranges of soil potassium
values determined by three different K extraction procedures where

soil samples were collected from twenty four locations of

Bangladesh.
K extractant Range of K Reference
(me %)
Exchangeable K 0.04-0.42 Pratt, 1965
(1N NH,OAc)
ASI (0.25N NaHCO,) 0.03-0.28 Hunter, 1984
Non-exchangeable K 0.25-5.60 Wood and DeTurk, 1941

(1N HNO,, boiling)

The K availability status of red soils of Rajasthan, India as
determined by different extractants were evaluated and reported by

Yadav et al. (1984) as follows:

K extractant Range of K Reference
(me%)
Distilled water 0.003-0.074 MacLean, 1961
soluble K
Exchangeable K 0.10-0.69 Hanway and Heidal, 1952
(1N NH,OAc)
HNO; soluble K 0.61-3.18 Sutton and Seay, 1958

An experiment was undertaken to evaluate the different forms
of K in three major soil orders (Entisols, Inceptisols and
Alfisols) of Assam. The estimation of potassium in all the

30




Dhaka University Institutional Repository
extractants was done with the help of flamephotometer. Boruah et
al. (1992) have given the estimated value of potassium analysed by

different extractants as follows:

K extractant Range of K Reference
(ppm}

Distilled water soluble K 4.5 - 15.0 -

1N NH,OAc K {(pH 7) 29,2 - 72.0 =
Non-exchangeable K 185.4 - B860.3 Wood and DeTurk, 1941
(1N HNO,)

2.06 Critical limit determination
2.16.1 €Critical 1limit

Critical limit is a point or a level of nutrient(s), below
which the probability of an economic response to added fertilizer
is high (soil test value low) and above which the probability of an
economic response to added fertilizer is low (Soil test value high)

{Cate et al., 1965).

Ulrich (1952) defined the critical nutrient concentration with
respect to plant growth either in terms of the nutrient
concentration that is just deficient for maximum growth or that is
just adequate for maximum growth. Critical limit has also been
defined as the level at which deficiency symptoms appear ({(Will,

1966) .
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On the other hand, Ulrich and Hills (1967b) has been defined
critical limit is the optimum point on the curve of nutrient level
as growth or alternatively, where there is a significant (i.e.,
10%) decline in growth. Since the introduction of the concept of
the critical 1limit by Cate and Nelson (1965) most of the
information on critical limit of nutrient, is based on the results

of pot culture experiment (Gupta et al., 1993)}.

2.16.2 The critical concentration

Plant analysis is a tool for diagnosis of the nutrient status
of plants. The critical concentration is most usefully defined as
that concentration of a given form of a specific nutrient with in
a specified plant part at which plant growth begins to decline. In
practice, the critical concentration is estimated through the use
of solution, scil cultures or pot/field experiments in which a
series of plants in pots or field plots are supplied with an
increasing amount of the nutrient maintaining all other nutrients
at adequate levels (Hylton et al., 1964; Ulrich, 1950, 1956 and

1961) .

2.16.3 Use of critical limit

A sound soil testing programme for rational and judicious
fertilizer management to obtain desired crop response must be based
on critical soil fertility limits of different nutrient elements in
soils of the area (Rao et al., 1992). The establishment of a

precise critical limit soil potassium is the most logical way to
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differentiate K responsive soils from the non-responsive cnes. Thus
the value of the critical limit can be used in developing K
fertilization programme (Bhuiyan et al., 1992). Sharma et al.
(1993) alsc reported that the critical limit of the nutrient (s)
element can be used to make fertilizer recommendation for different
soils and crops. Therefore, the critical limit of K either of soil
or plant is important and can be effectively used in working out

fertilizer schedule of the crop(s).

2.16.4 Limitation to the concept of the critical limit

The variability associated with sampling, climate and other
factors indicates that there is a possibility of doing considerable
error for any measurement, and it would be relatively easy to make
wrong interpretation if the level is close to the critical value
(Mead, 1984). As pointed out by Ulrich and Hills (1967b) the
critical value is best defined if the calibration curve shows a
sharp transition between deficiency and sufficiency; in practice it

is often more of a gradual curve.

The critical limit can vary with the growth parameter chosen
and will possibly vary with stand age or development age of the
plant (Miller et al., 1981). These suggest that critical limits are
generally poorly defined, and it is more reasonable to consider
ranges in concentrations indicating low, marginal and adequate
levels. The critical limit depends on the other nutrients that are

being adequately supplied (Mead, 1984}.
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2.16.5 Graphical procedure for critical limit determination

In the Cate-Nelson graphical procedure, determination of
critical limit depends on the extractant used as well as crop
invelved. The Cate-Nelson scatter diagram provides a simple but
highly effective tool for evaluation of soil analytical wethods
(Donovan et al., 1973). According to Cate-Nelson (1965) graphical
procedure, a scatter diagram of relative yield (Y-axis) versus
analysis value of nutrient(s) either of soil and plant samples (X-
axis) is plotted on an arithmetic paper. A pair of intersecting
perpendicular lines are drawn on the plotted paper so that the line
parallel to the x-axis intersects the Y-axis at 80-90% of relative
yvield and the line parallel to Y-axis is drawn in such a manner
that the number of points in the positive quadrant is maximum. Then
the intersecting point of this line on X-axis is considered as the

critical soil or plant nutrient concentration level.

2.16.6 Mathematical procedure for critical limit determination
This method was described by Waugh et al. (1973) and was
developed by Cate and Nelson, 1971 for partitioning soil analysis
correlation data in two classes. In this method, where relative
yield (Y-axis) is calculated as in the Cate-Nelson's graphical
procedure and the values are ordered along with the corresponding
soil or plant analyses values (X-axis). The (X,Y)pairs are
maintained in this order throughout the analyses. Then, R? values

are calculated by using the successive tentative critical levels of
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two groups. The maximum R? value obtained for the group is
considered as the range of critical value. The mean of the two

classes is the predictive critical value.

2.17 Critical limit of potassium extracted by different
extractants

2.17.1 Critical limit of soil potassium extracted by 1N NH,OAc
Yadav et al. (1984) has been chalked out the critical limit
of soil potassium using eleven soil K parameters (intensity,
quantity, capacity and rate factors) with maize crop (Var. Ganga-5)
under greenhouse condition in red soils of Durgapur district under
Rajasthan. The found the critical limit of exchangeable K (1N

NH,OAc extractant) was 0.12 meq/100g soil.

A pot experiment was conducted by Singh Vinay et al. (1992)
under greenhouse condition with nineteen soils where lentil was
taken as a test crop at different locations of Agra district of
Uttar Pradesh. They determine the critical limit of soil K was 100

ppm (0.26 meq/100g soil) for 1N NH,OAc (pH 7) extractant.

Kumar Basant et al. (1991) conducted an experiment on wheat
with Debatoli series and worked out the critical limit of soil K
was found 110 kg/ha (0.14 meq/100g soil) for 1N NH,0Ac extractant

(pH 7).
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A pot culture experiment was conducted by Panda et al. (1993)
with fourteen surface soil samples during Kharif season 1988 in
Puri district of India. Using the scatter diagram technique of Cate
and Nelson (1965), they determined 128 kg/ha (0.16 meq/100g soil)
as a critical limit of soil potassium (1N NH,OAc extraction} for

rice.

Roy et al. (1989) calculated 108 kg ha! (0.14 meq/100g soil)
as the critical limit of soil potassium (1N NH,OAc extraction) for
wheat while working with 17 soil types in India. Critical limits of
exchangeable K (1N NH,0Ac extraction} were determined by
Venkatasubbiah et al. (1976) in black soils of Andra Pradesh for
bajra and rice. They were 95 ppm (0.24 meg/100g soil} and 100 ppm

{(0.26 meq/100g soil} respectively.

Jones US (1982) reported 0.20 meqg K/100g soil (1N NH,QAC

extraction) as a critical limit for rice in Asia.

Field experiments were conducted by Saleque et al. (1990) in
11 sites from 1987 through 1989 in different areas of Bangladesh to
correlate soil K extracted by 1N NH,OAc with the per cent relative
grain yield of wetland rice. They identified 0,075 meq/100g soil as

the critical limit of soil potassium for 1N NH,OAc extractant.
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The absolute minimum level of exchangeable K (1N NH,OAc
extraction) for tropical agriculture is considered to be close to
0.10 meg/100 g but may vary from 0.07 to 0.20 meq/100g depending on
the kinds of soil and plants involved. A level below 0.15 meq/100g
(60 ppm) is usually inadequate to support normal crop growth

(PPIC., 1989b).

An attempt was made by Rao et al. (1992) to find out critical
level of exchangeable K (1N NH,OAc extraction) in an Aquic
Haplustalf (red sandy loam soil) for nine vegetable crops. They
found 100 kg/ha (0.13 meqg/100g) as the critical level of K for
tomato, 387 kg/ha (0.50 meqg/100g) for brinjal, 165 kg/ha {(0.21
meq/100g) for cabbage, 348 kg/ha (0.45 meq/100g} for okra, 178
kg/ha (0.23 meg/100 g) for french bean, 147 kg/ha (0.19 meq/100qg)
for onion, 161 kg/ha {(0.21 meqg/100g) for green chillies, 186 kg/ha
{(0.24 meqg/100g) for capsicum (sweet pepper) and 176 kg/ha (0.23

meq/100g)} for cauliflower.

Kumar et al. (1991) determined the critical 1limit of
exchangeable K (1N NH,OAc extraction) in Debatoli series ({(acid,
mixed, coarse loamy, hyperthermic Ultic Haplustalfs) by using wheat
as the test crop and found 110 kg/ha (0.14 meqg/l00g) as the
critical limit of exchangeable K. A greenhouse experiment on wheat
was conducted by Prasad (1990) to calculate the critical limit of
soil K using the soils of north Bihar. The critical limit of soil

K extracted by 1N NH,OAc was 60 ppm (0.15 meq K/100g soil).

37



Dhaka University Institutional Repository

Bhuiyan et al. (1992) conducted twenty four field trials on
potassium during T. Aman (wet) season of 1990 at different
locations of Bangladesh using rice (var. BR-11) as a test crop.
They calibrated the soil test values of 1N NH,OAc extractant with
the relative grain yields of wetland rice and obtained the K
critical levels of 0.10 and 0.075 meg/100g soil by graphical and

statistical procedures respectively.

In a greenhouse experiment, the critical limit of K was
determined in Calciorthents of North Bihar using wheat as the test
crop. In that study, the critical limit of K extracted by 1N NH,OAc

extraction was 60 ppm (0.15 meq/100g soil) (Prasad, 1990).

Rice was grown in pots in twenty surface socils from Gwalior,
India to which 0 or 50 ppm fertilizer K had been applied. The soils
were analysed using 1N NH,OAc extractant. The K values of 1N NH,OAc
extractant showed the highest correlation with relative yield. The
critical limit of extractable K was found to be 160 ppm (0.41

meq/100g soil) using this extractant (Bansal et al., 1985).

2.17.2 Critical limit of s0il potassium extracted by NaHCO,

With a view to determining critical limit of K, a pot
experiment was conducted using nineteen surface soil samples under
greenhouse condition with lentil at Agra district of Uttar Pradesh.
Through the use of scatter diagram technique of Cate and Nelson
(1965), Singh et al. (1992) determined 53 ppm (0.14 meqg/100g) as

the critical limit of so0il K which was extracted by 0.5M NaHCO,.
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Saleque et al. {(19%0) conducted eleven field experiments
during 1987 to 1989 in different areas of Bangladesh to identify
critical limit of soil K extracted by 0.25N NaHCO, of wetland rice.
Using graphical procedure of Cate and Nelson (1965) they identified

0.065 (meq/100g soil) as the critical limit of K for wetland rice.

Twenty four field trials on potassium were conducted during
1990 at different locations of Bangladesh using BR-11 as a test
crop by Bhuiyan et al. (1992). Socil test values of potassium was
determined by 0.25N NaHCO,. The values were calibrated with the
relative grain yield of rice and determined 0.075 (meq/100g soil)
as the critical limit of soil potassium both by graphical and

statistical procedures.

Portch et al. (1984) reviewed the data of critical limit which
was worked out by Hunter (1980). They showed 0.20 meq K/100 ml soil

was the critical limit for 0.25N NaHCO, extractant of upland crops.

2.,17.3 Critical limit of soil potassium extracted by H,SO,

Singh et al. (1992} conducted a pot experiment using nineteen
surface so0il samples where 1lentil was the test crop. They
calculated 380 ppm (0.97 meq/100g soil} as the critical limit of
soil K for the 6N H,S0, extraction method. Prasad (1990} conducted
a greenhouse experiment on wheat using the soils of North Bihar to
find out the critical limit of soil K. The c¢ritical limit of soil

K extracted by 1.38N H,80, was 1255 ppm (3.22 meq K/100g soil).
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2.17.4 Critical limit of soil potassium extracted by HNO,

A pot culture experiment conducted with maize on red soils of
Durgapur district of Rajasthan to determine the critical limit of
soil potassium. Yadav et al. (1984) determined 0.87 meq/100g soil
as the critical limit of K (1N HNO,) using statistical procedure of

Cate-Nelson (1971)

Panda et al. (1993) worked out a critical limit of K on rice
using the scatter diagram technique of Cate and Nelson (1965). The
critical limit of 0.5N HNO, extractant was 180kg (90 ppm} K per

hectare.

Twenty four field trials on potassium were conducted during
1990 on T. Aman (BR-11) at different parts of Bangladesh with the
objective to calculate potassium critical limit. Bhuiyan et al.
(1992) calculated critical limit of K for 1N HNO, extraction method
was 1.125 and 0.640 meq/100g soil following graphical (1965) and

statistical (1971) procedures of Cate-Nelson respectively.

Mehta et al. (1994) conducted a pot experiment on wheat with
Lunkhi so0il series. They found that Bray’s percent yield was
significantly correlated with non-exchangeable K (1N HNO,). The
critical limit for non-exchangeable K (1N HNO,) in this soil series

was found to be at 450 kg K ha' (0.58 meg/100g).
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A greenhouse experiment on wheat conducted by Prasad (1990) to
determine the critical limit of K with the soils of North Bihar. He
observed the critical limit of soil K extracted by 1N HNO, was 1580

ppm (4.05 meqg K/100g soil).

2.17.5 Critical limit of gsoil potassium extracted by distilled
water
Singh et al. {(1992) conducted a pot experiment on lentil to
identify one or more suitable method(s) based on crop response to
K on alluvial soils of Agra district of Uttar Pradesh. Scatter
diagram technique of Cate and Nelson (1365) was employed for the
determination of the critical limit of K. Critical limit of soil K

extracted by distilled water was 19 ppm (0.05 meq/100g soil).

Usging the procedure of Cate and Nelson (1971), the calculation
of co-efficient of determination (R?) and critical level for best
two population split, using the two mean discontinuous model was
carried out by Mazumdar et al. (1987} for the area neighbouring
Jobner of Rajasthan. This two mean discontinuous model for best two
population split provides a critical limit between 6.2 and 6.8 ppm
and as such 6.5 ppm can be taken as the critical limit of distilled
water soluble K for wheat of the area. Prasad (1990) conducted an
greenhouse experiment on wheat to determine the critical limit of
K using the soils of north Bihar. The critical limit of K extracted

by distilled water was 17.5 ppm (0.04 meq K/100g soil).
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2.18 Critical limit of potassium for crops
Kumar et al. (1991) plotted Bray’s per cent yield of wheat
against K concentration ({(tri-acid digestion Jackson, 1967) and
calculated the critical limit as 1.2% of K using the procedure of

Cate and Nelson (1965).

Roy et al. {(1%89) also determined the critical limit of K
through pot experiment of wheat in Puto series (Alfisols) of
Ranchi. They plotted Bray’s per cent yield against the K
concentration of wheat plant following the graphical method of Cate
and Nelson (1965) and found 1.25% as the critical concentration of

K in wheat plant.

Sharma (1991) determined the critical limit of K in potato
plant (third petiole, Mid stage) using two methods i.e., simple
mathematical model (1971) and graphical method (1965) of Cate-
Nelson) to determine critical K content in potato plant. They
found 7.01 and 7.60% as the critical K content for the simple
mathematical model and graphical method respectively of the mid

stage potato plant.
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Rao et al. (1989) adopted sand culture technique to determine
K status of potato, wheat and groundnut at different plant parts

and growth stages. Their results are stated below:

Crop Growth Plant part Crop K statusl/ based on K*

stage concentration in plant part (% of
dry matter}
S5 SD MD ED

Potato Vegetative Leaf blades 8.0 - 5.6 5.6-4.4 4.4-2.8 <2.8
{tuber Petioles 17.2-12.8 12.8-9.6 9.6-3.2 <3.2
initiation) Stem 16.8-11.2 11.2-8.4 B.4-4.8 <4.8
37 days

Wheat Tillering Whole plant 6.1 - 4.1 4.1-3.3 3.3-1.1 <1l.1
{45 Days)

Groundnut Vegetative Leaf L0 -~ 242 2.2=-1.9 1.9=1.3 1,3
{Pod Stem 3.0 - 2.2 2.2-2.0 2.0-1.2 <l.2
initiation} Petiole 3.5 - 2.4 2.4-1.9 1.9-1.3 <1.3
40 days

1/ S= Sufficiency (< 10% yield reduction; SD=
(10-20% yield reduction;
reduction) ; ED= Extreme deficiency (>40% yield reduction)

MD= Moderate deficiency
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Information on critical nutrient range (CNR) for potato
petioles used to indicate K status after tissue analysis. The

results provided by Roberts et al. (1985} are given below:

Growth stage 1/ CNR¥ for K in Reference
petioles (g/ha)

Vegetative I to 65-70 McDole (1878)

tuberization II (6.5-7.0%)

{15-45 days)

Tuberization II 95-110 Jackson et al.
{(30-40 days) (9.5-11.0%) {1974)
Tuberization II 95-110 Roberts et al.
(30-40 days) (9.5-11.0%) {1984)
and Middleton et al.
(1975}
Tuberization II 70-80 Painter (1973)
{(30-40 days) (7.0-8.0%)

L/ Days after emergence
2/ CNR for third to fifth petiole from top of plant (Dow and
Roberts, 1982).

Beaton et al. (1985) complied the data on K' concentration in
various parts of wheat. They pointed out the results of an
experiment conducted by Schwartz et al. (1978) that the K
concentration of the above ground portion of winter wheat was 60g
K kg?* (6% K) which harvested 2-8 weeks of sowing seeds. They
further reported that the K concentration in the entire above
ground part declined rapidly between 10 and 15g kg™ (1-1.5% K) when
the plant harvested at maturity. Singh and his colleagues (1992)
conducted a pot experiment on lentil in the alluvial soils of Agra
district and found the c¢ritical limit of K in lentil plants was

1.38%.
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Chapman (1967) compiled the data on per cent potassium of
potato, wheat and peanut for a specified plant part of given age,
stage or condition and arranged the K status as low, adequate and

high as follows:

Crop Plant part used Status of K (%)
Low Intermediate | High
(adequate)
Potato Leaves including < 4.50 >4 .50 -

petioles 4th or 5th
from the top of
principal stalk at
early bloom stage

Potato Petioles from 4th <7.00 >9.00 -
leaf from top at
tuber set period.

Wheat Upper four leaves - 2.30 - 3.40
during flowering
after head has
completely emerged

Peanut 4th leaf and petiole <1.30 >1.30 -
from principal stalk
at early bloom stage

In a greenhouse experiment, the critical limit of K in wheat
plant was determined using the soils of North Bihar. Prasad (1990)
found the critical limit of K in wheat plant after 46 days of

growth was 1.4%.

A plot culture experiment was conducted by Mehta et al. (1994)
to determine the critical limit of wheat plant using the soil from
Lukhi series. They calculated the critical K concentration in wheat

as 1.0%.
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CHAPTER 3.0

MATERIALS AND METHODS

3.1 Collection of soil sample

Thirty one locations (Fig. 3.1) representing seven general
soil types and fourteen agroecological zones of Bangladesh {(Table
3.1) were selected on the basis of low, medium and high
exchangeable potassium category for this study. One composite
sample of surface soil (0-15cm depth) was collected in bulk
quantities (about 50kg) from each location. The soils were mixed,
air-dried, pulverized and then passed through 20 mesh sieve and

stored for laboratory analyses and net house experiments.

3.2 Laboratory analyses

The soils were analysed for different forms of K using five
extractants {(i.e., 1N NH,0Ac (pH 7), 0.25N NaHCO, (pH 8.5), boiling
1N HNO,, cold H,SO, and distilled water). All other physicochemical
properties of the soils were also determined following widely used

standard methods (Table 2.2).

The plant samples of wheat, potato and groundnut were oven

dried and grounded. For wheat, potato and groundnut 465, 465 and
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Table 3.1. Location and general characteristics of the soil
sampling sitese.
Loca- Locacion Parent Ganeral soil USDA a30il Agroecolo-
tion matarial type taxonomy gical zona
No. village Thana Dlatrict
a [ Balashahar | Chandina Comilla 0ld Non- Haplaquepts Middle
Meghna calcareous Meghna
estuarine Grey River
alluvium Floodplain Floodplain
Soils {16)
2n Sandhabari [ Gabtali Bogra Karatoya Non- Haplaquepts Karotoya-
Tista calcareous Bangali
alluvium Grey Floodplain
Floodplain (4)
Soils
3. Narhatto Kahaloo Bogra Modhupur Grey Albaquepts Level
clay Terrace Barind
Solls Tract (25)
4. Natun- Debiganj Panchagarh old Non- Haplaquepts Tista
Shahar Himalayan | calcareous Meandex
Piedmont Grey Floodplain
alluvium Floodplain (3)
Soils
5. Nischinta- Mithapukur Rangpur Tista Non- Haplagquepts Tista
pur Karatoya calcareous Meandexr
alluvium Grey Floodplain
Floodplain (3)
Soils
6. Moncharpur Pabna- Pabna Ganges Calcareous Haplaquepts Low Ganges
Sadar alluvium Dark grey River
Floodplain Floodpiain
Solls {12)
7 Dikshail Ishurdi Pabna Ganges Calcareous Eutrochrepts Low Ganges
alluvium Brown River
Floodplain Floodpiain
Soils {12)
. Ishapur Chowgacha Jeggore Ganges Calcareous Eutrochrepts High
alluvium Brown Ganges
Floodplain River
Soils Floodpiain
(11)
9. Dadpur Bagherpara Jegsore Ganges Calcareous Butrochrepts High
alluvium Brown Ganges
Floodplain River
Soils Floodpiain
(11)
10. Rahmatpur Babuganj Barisal Ganges Non- Haplaguepts Ganges
alluvium calcareous Tidal
Grey Floodplain
Floodplain (13)
Soils
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Table 3.1. continued

Loca- Location Parent malerial General soil rype USDA soil Agroecolo-

lion axonomy gical zone

No. Village Thana District

11 Shahajadpur | Melandah Jamalpur Brahmapurra Non-calcareous Grey Haplaquepts Young Brahmaputra
alluvium Floodplain Soils and Jamuna

Floodplain (8)

12. Baira Mymensingh Mymensingh Brahmaputra Non-calcareous Grey Haplaquepts Old Brahmaputra

Sadar alluvium Floodplain Soils Floedplain (9)
13. Pali Durgapur Rajshahi Ganges alluvium Calcarcous Brewn Eutrochrepls High Ganges River
Floodplain Soils Floodplain(11)
14. Nazirpur Godagari Rajshah Modhupur clay Grey Terrace Soils Albaquepts High Barind
Tract (26)
15. South- Gaibandha- Gaibandha Tisa alluvivm Non-calcareous Grey Haplaquepts Tista Meander
Dhanghara Sadar Floodplain Soils Floodplain (3}
16. Ranochandi Kishorganj Nilphamari Tista alluvium Non-calcarcous Grey Haplaquepts Tista Meander
Floodplain Soils Floodplain (3)

17. Lalapur Baliadangi Thakusgaon O1d Himalayan Non-calcarcous Haplaquepts 0¥ Himalayan
Piedmont Darkgrey Floodplain Piedmoni plain (1}
alluvium Soils

18. Jaanpukuria | Panchagarh- Panchagarh Old Himalayan Non-calcareous Haplaquepts Old Himalayan

Sadar Piedmont Darkgrey Floodplain Piedmont plain (1}
alluvinm Soils

19. Daularpur Birganj Dinajpur Himalayan Non-calearcous Grey Haplaquepts 0O1d Himalayan
Piedmont Floodplain Soils Piedmont plain (1)
alluvium

20. Kamorgram Joypuchat- Joypurhat Modhupurclay Grey Terrace Soils Albagquepts Level Barind

Sadar Trect (25)
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Table 3.1. continued
Loca- Location Parent General soil USDA soil Agroecolo-
tion material type taxcnomy gical zone
No. Village Thana District
21. Dewashara Kamalganj Moulavi Piedmont Non-calcareous Haplaguepts Bastern-Surma
Bazar alluvium Grey Floodplain Kushiyara
Soils Ploodplain {20)
22. Vhanga Vhanga Faridpur Ganges Calcareous Haplaquepts Low Gangeé
alluvium Darkgrey River
Floodplain Soils Floodplain {12)
23. Palima Kalihaci Tangail Brahmaputra Non-calcareous Haplaquepts Young
alluvium Grey Ploodplain Brahmaputra and
Soilse Jamuna
Floodplain (B)
24. Benarpota Satkhira Satkhira Ganges Calcareous Grey Raplaquepts Ganges Tidal
Sadar alluvium Floodplain Soile Floodplaln ({13}
{saline)
as. Khazura Pakirhat Bagherhat Ganges Calcareous Grey Haplaquepts Ganges Tidal
alluvium Floodplain Soils FPlocdplain (13}
(saline)
26. Garakhola Fultola Khulna Ganges Calcarecus Grey Raplaquepts Ganges Tidal
alluvium Floodplain Seoils Floodplain (13)
{saline)
27, Mogorkhal Joydebpur Gazipur Modhupur Brown Mottled Ustochrepts Modhupur Tract
clay Terrace Scils (28)
28, Uttar Char Char Bhola Ganges Calcareous Haplagquepte Young Meghana
Aicha Fagaon alluvium Darkgrey Eptuarine
FPloodplain Soile Floodplain (18)
(saline)
29 Patkhali Patuakhali Patuakhali Ganges Calcareous Grey Haplaquepts Ganges Tidal
Sadar alluvium Floodplain Soils Floodplain (13)
(saline)
30. Nadmollah Vhandaria Pircjpur Ganges Calcareous Grey Haplagquepts Ganges Tidal
alluvium Ploodplain Soils Floodplain (13)
(non-saline}
3. West Jhalakathi Thalakathi Ganges Calcareous Grey Haplaquepts Ganges Tidal
Jhalakathi Sadar alluvium Plocdplain Soils Floodplain (13}
{non-saline)
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435 plant samples respectively were analysed for total K. The plant
samples were extracted by 1IN HCl as per method described by Yoshida
et al. (1976). Quantity of potassium was determined by using flame
photometer. Per cent K saturation of the K values obtained from

five extractants was calculated by:

Exchangeable/Available K (meq/100g soil)

CEC (meqg/100g soil)
The standard error (SE 1) concept introduced by Clarke (1980) was
used in this study to determine the precision of the extractants
used for soil analysis and the efficiency of tested extractants for
per cent K saturation. K uptake was calculated by multiplying the
K content in dry matter with the dry matter yield of wheat, potato

and groundnut.

3.3 Pot experiment

Pot experiments under net house were conducted using all
thirty one collected soil samples with varied doses of potassium on
wheat (Triticum aestivum L.), potatc (Solanum tuberosum L.) and
groundnut (Arachis hypogaea L.} to determine the per cent relative
yield {(dry matter basis}) and critical limits of potassium. The
experiments were carried out during October, 1992 to December,
1995. Variety Kanchan of wheat, Cardinal of potato and Dhaka-1
(Maizchar Badam) of groundnut were taken as test crops. Pot
experiments with wheat, potato and groundnut were conducted

seperately. Five fertilizer treatments were used with three
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Description of methods used for soil and plant

sample analyses.

To determine the physical and chemical properties of soil and
plant samples, the following analytical methods were used:

Soil properties

Methods of Analyses

Author and Year

Particle size

pH

Organic matter

CEC

Ca, Mg and Na

X 1.
2.
3.
4.
5.

6.
S
P and Zn

method

electrode potentiometer

superfloc

Saturation with normal NaOAc and
NH,OAC

1N KCl with 10 minutes shaking

1N NH,0Ac (pH 7} (1: 2.5, soil:

with 10 minutes shaking

1N HNO, (boiling) {1:10, secil:

with 30 minutes standing

with 30 minutes shaking.

Plant sample analysis:

1N HC1l (1:25, plant sample:
solution) with 24 hours standing

with 10 minutes shaking

and superfloc with 10 minutes
shaking.

Mechanical analysis by hydrometer

1: 2.5 (s0il: water ratio} by glass

Sodium dichromate, conc, H,SO, and

solution) with 10 minutes shaking

0.25N NaHCO, (1:10, scil: solution)

solution) with 10 minutes boiling

Cold H,80, {(1:2.6, soil: sclution)

Distilled water (1:10, soil: water)

CaH, (PO,), H,0, Conc. HCl and phenol

0.25N NaHCO;. 0.01M EDTA, 0.01N NH,F

Tinsley, 1970

Hunter, 1984

Hunter, 1984

Satter and Rahman,
1987
Hunter, 13984

Knudsen et al.,
1984

Hunter, 1984

Knudsen et al.,
1984

Knudsen et al.,
1984

Hanway and Heidel,
1952

Yoshida et al. 1976

Hunter, 1984

Hunter, 1984
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replications arranged in a completely randomized design for each
crop. The basal dose of NPS and five variable doses of potassium
were used in each experiment. The source of fertilizer were N from
urea (NH,-CO-NH,); P from calcium metaphosphate (Ca(H,PO,},}; K from
muriate of potash (KCl) and S from concentrated sulphuric acid
(H,80,) . The fertilizer treatments for 3 crops were assigned as

follows:

Wheat

T, @ Ny Poys Ky Sis mg kg *
Ty : Ngo Py Ky Sy mg kg
Ty ¢ Ny Py Kyg Sy mg kg .

Tg : Ny Pys Ko Sis mg kg

T, = N B I 5 mg kg !
Ts = MNise B K Sis mg kg
e ¢ N Pos Kap, Bia mg kg
Te = Mago Pus Byg 84 mg kg *
Ts : Nyjp Pys Kygp S35 mg kg -~
Groundnut :
T, : N,y P K, S, mg kg *
T, : N P, Ko S, mg kg *
Ty : Nyg Pys Ky Sy mg kg
Ty ¢ M Pis K Sag mg kg *

Ts : Nyjs Pgs Kgp Sy mg kg -
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Two kilograms of air-dried, ground soil of each location was
filled in a plastic pot each measuring 15 cm dia. All nutrients
were applied in solution in each pot on the upper surface of the
soil by adding required amount of distilled water (65 per cent of
the total field moisture capacity} for uniform distribution of
nutrients in the soil. Tubers of potato, seeds of wheat and
groundnut were sown in each pot when the moisture level in soil was
optimum. Young seedlings of three tubers, 10 seedlings of wheat and
four seedlings of groundnut were allowed to grow in each pot after
establishment (seven days after planting of tubers or sowing seeds)
of the seedlings. Distilled water was applied for maintaining field
soil moisture during the growth period of the plants when the
moisture level dropped to approximately 60 or 70 percent of the
field capacity. Plants were allowed to grow for a period of six
weeks to obtain maximum végetative growth. Crops were then
harvested by cutting at the base of the crop. Data on the following

parameters were recorded:

a. Fresh weight of plant at harvest.
b. Dry matter yield.

c. Collection of plant sample from each crop for the determination
of total K.

Following the harvest of the crop, plant samples were cleaned by
wiping with distilled water soaked cotton and air-dried. The plant

samples were kept in perforated brown paper bags and then dried in
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a forced draft oven at 65°C up to constant weight. Weight of the
dry matter was taken at rcom temperature to calculate per cent

relative yield using the formula adopted by Donovan et al., 1973.

Threshold yield (yield without K)
Relative yield = -+-----cccmecmccmmccm e mcccccme e X 100
Plateau yield (yield with adequate K)

Where, relative yield is a measure of the yield response to a
single nutrient when the other nutrients are supplied adequately.
Threshold yield means yield obtained from the point of deficient
nutrient level from which the response to that nutrient could be
measured and plateau yield implies that the yield is at its highest
point by the adequate nutrient and is holding steady or stable over

a certain range of nutrient addition (Donovan et al., 1973).

After weighing, the dried samples were ground in a stainless
steel semi-micro wiley mill and passed through 20 mesh screen. The

samples were collected in vials and redried before analysis.

3.4 Determination of critical limit

The critical limit of water soluble, exchangeable and available
K from soil and the critical K concentration of the dry matter of
wheat, potato and groundnut were calculated using the graphical
(1965) and mathematical (1971) procedures of Cate and Nelson
separately. The graphical procedure of Cate and Nelson (1965)

demonstrates a manner in which the points scatter on a plot of
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relative yield against the extracted value of nutrient either of
soil and plant samples. According to their description, a scatter
diagram was made and the critical value was obtained by graphically
dividing the plots into two groups (+ ve quadrant and -ve quadrant)
in which most of the points fell into the lower left hand quadrant
{+ ve gquadrant) (low relative yields associated with low soil K)
and the upper right hand quadrant (+ve quadrant) (relative yields
of 80% or more indicating little or no response to K). Thereby a
critical 1limit of potassium both for socils and plants were

identified on X-axis.

In the mathematical model, relative yield (Y-axis) was
calculated as in the Cate-Nelson procedure and the values were
ordered along with the corresponding scil or plant analyses values
(X-axis) . Cate and Nelson (1971) partitioned soil and plant
response data (relative yield) into two classes (as population-1
and population-2} and then the value of R? (co-efficient of
determination) was calculated using the following formula proposed
by Donovan et al. (1973):

TCSS - (CSS' + CS88?)

Where, TCSS = total corrected sum of squares and CSS = corrected
sum of squares. The range of critical limit of the nutrient was
then determined considering maximum R? values of the samples and
the mean of the two classes counted as the predicted critical

value.
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CHAPTER 4.0

RESULTS AND DISCUSSION

4.1 Soil characteristics

The data on physicochemical properties of soil of thirty one
locations have been presented in Table 4.1, while particle size
distribution of all soils under study are presented in Table 4.2.
The physical and chemical characteristics (i.e., particle size
distribution, pH, CEC, orxganic matter, exchangeable Ca, Mg, K, Na,
and available P, S, and 2Zn) of thirty one soils showed wide
variations for all properties due to inherent properties of the

soil.

The pH values (measured in 1: 2.5 soil: water ratio) ranged
from 4.61 to 7.95. The lowest value obtained from the soil of
Mogorkhal and while the highest at Benarpota. Similar range of pH
were reported by Bhuiyvan et al. (1992) and Islam et al. (1984).
Among the locations, Dewashara (4.74) and Mogorkhal (4.61) had
strongly acidic pH values. Data also indicated that the soils of
calcareous alluvium (both saline and non-saline phase) had pH

values > 7.0.

The organic matter content of the soil ranged from 0.60 % to
1.30 %. The lowest wvalue (0.60 %) of organic matter was observed
both in Ishapur and Shahajadpur but the highest (1.30%) in the

soils of Palima. The low organic matter content in most of the
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soils of Bangladesh and its declining nature have been reported by
Karim (1997). He further indicated that more than 50% of cultivated
soils of Bangladesh contained organic matter below the critical
limit (1.5 %). Islam et al. (1985) reported low to medium quantity
of organic matter present in Bangladesh scils. This low quantity of
organic matter present in the soil indicates the exhaustion as well
as depletion of organic matter from the soil. This might be due to

intensive cropping and run-off rather than additions.

The values of exchangeable cation like Ca, Mg and Na are
presented in Table 4.1. The quantity of Ca and Mg in the tested
soils ranged from 1.0 {Natun Shahar) to 14.30 (Dikshail) meq/100ml
and 0.20 (Natun Shahar) to 5.41 (Garakhola) meqg/100ml soil
respectively. The quantity of Ca and Mg obtained from the soils
were found to be adequate for all locations except Natun Shahar,
Jatanpukuria and Dewashara. The critical limits suggested by BARC
(1989) were 1.80 and 0.70 meq/100g soil for Ca and Mg respectively.
The content of Mg in Nischintapur, Ranochandi, Lalapur, Daulatpur
and Mogorkhal was found below the critical limit. Data revealed
that the soils o©of calcareous alluvium had high level of

exchangeable Ca and Mg content.
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Table 4.1. Physicochemical characteristics of soil (0-15¢m
depth) of thirty cne locations.
Loca- pH o.M, Ca | Mg I Na P [s | Zn CEC
tion {%) (meq/
No {meq/ 100ml) tzg/ ml) 100 g)
1 5.70 0.79 3.50 1.15 0.50 15 11 3 5.70
2. 6.40 0.75 4.50 1.65 0.45 22 17 3 5.98
3. 5.60 1.12 5.20 1.90 0.56 s 13 5 6.52
4. 5.65 0.83 1.00 ©.20 0.40 14 13 3 5.43
5. 6.10 0.95 2.00 0.65 0.44 25 10 2 5.65
6. 7.15 0.95 13.70 5.10 0.55 10 17 3 9.46
T 7.20 1.0S 14.30 5.00 0.56 9 20 3 11.21
8. 7.30 0.60 10.15 1.45 0.43 25 15 4 8.15
9. 7.25 0.80 11.80 3.20 0.36 40 14 4 9.02
10 6.60 0.65 6.50 1.12 0.57 12 25 5 8.37
11. 6.90 0.60 6.70 1.60 0.45 18 15 3 7.34
12. 6.90 0.72 5.10 2.45 0.62 12 22 3 7.34
13 6.50 1.10 12.1S 3.55 0.54 20 15 3 9.24
14 5.50 0.94 7.50 3.15 0.44 32 18 7 8.83
15 6.50 1.05 4,00 1.35 0.45 30 11 3 7.45
16 5.75 0.83 1.85 0.30 0.42 a0 14 3 7.39
17 5.80 0.75 2.50 0.54 0.50 EL: 21 3 6.20
18. 5.40 1.15 1.20 0.45 0.54 24 19 2 5.84
19. 5.90 0.88 2.15 0.53 0.50 25 11 3 6.03
20. 5.17 1.00 7.00 3.42 0.75 12 12 8 7.50
21, 4.74 0.85 1.80 0.55 0.44 15 14 5 6.09
22. 7.45 0.90 10.80 1.52 0.42 18 18 4 p A
23, 5.95 1.30 1.70 1.18 0.38 15 9 3 6.49
24. 7.95 1.00 B8.80 3.80 1.32 25 17 2 7.93
25 7.05 1.10 10.15 4.06 2.25 14 18 2 8.15
26. 7-12 0.95 11.40 5.41 4.10 11 17 3 9.13
27. 4.61 0.65 1.00 0.62 0.40 13 8 5 6.82
28. 7.50 1.25 7.30 4.60 4.50 a5 17 5 7.20
29. 7.46 0.91 7.00 4.08 1.05 17 15 4 7.83
30. 7.68 0.95 9.40 3.80 0.64 13 16 4 9.24
31 7.75 1.10 10.00 4.05 0.084 12 18 5 9.02
1. Balashahar, 2. Sandhabkari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monoharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13. Pali, 14. Nazirpur, 15. South Dhanghaxa, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
21. Dewashara, 22. Vhanga, 23. Palima, 24. Benarpota,
25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
29, Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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Na content in soils of all locations was with in the range of
0.36 to 4.50 meqg/100ml soil. Table 4.1 indicates that the quantity
of Na was higher in Uttar Char Aicha (4.50 me%), Garakhola (4.10
me%)}, Khazura (2.25 me%), Benarpota (1.32 me%)} and Patkhali (1.05
me%) than other locations. The soils of these locations were
collected from saline areas under the parent material of ganges

alluvium.

The available P content of thirty one soils ranged from 9.0
(Dikshail) to 45.00 (Uttar Char Aicha) pg/ml soil. The available P
content in most of the soils under study was above the critical
limit except Monoharpur, Dikshail, Rahmatpur, Baira, Kamorgram,
Garakhola, Mogorkhal, Nadmollah and West Jhalokathi. The content of
S ranged from 8.0 (Mogorkhal) to 25.0 (Rahmatpur) ug/ml soil.
According to BARC (1989) 10.00 pg/g soil should be considered as
the critical limit both for P and S. On the other hand, the

extractable Zn content by 0.25N NaHCO, could be considered adequate

60



Table 4.2. ParoadidGrivésigimstitaivmiresobiay ion and textural classes of
the soil of thirty one locations.

Particle size distribution (%) Textural class
Location
No. Sand Silt Clay
1. 36.00 35.36 28.64 Clay loam (CL)
2. 26.00 48.36 25.64 Loam (L)
3. 22.00 41.36 36.64 Clay lecam (CL)
4. 36.00 37.36 26.64 Loam (L)
Sk 72.00 5.36 22.64 Sandy clay loam (SCL)
6. 16.00 41 .36 42 .64 Silty clay (sicC)
7 16.00 19.36 64.64 Clay (C)
g. 20.00 49.36 30.64 Clay loam (CL)
9. 16.00 41 .36 42 .64 Silty clay (8iC)
10. 31.00 36.00 33.00 Clay loam {(CL)
13 27.00 53.00 20.00 S8ilt loam ({SiL}
12 43.00 39.00 18.00 Loam (L}
13 35.00 32.00 33.00 Clay loam (CL)
14. 31..00 40.00 29.00 Clay loam (CL)
15, 39.00 47.00 14 .00 Loam (L}
16 35.44 53.56 11.00 Silt loam (SiL)
17 59.00 33.00 8.00 Sandy loam ({(SL)
18 50.00 38.00 12.00 Loam (L)
19. 53.00 35.00 12.00 Sandy loam ({SL)
20. 45.00 24.00 31.00 Clay locam {CL)
2l. 73.00 12.00 15.00 Sandy loam (SL)
22 39.64 34 .36 26.00 Loam (L)
23. 61.64 28.34 10.02 Sandy loam (SL}
24 36.00 36.00 28.00 Clay loam {(CL)
25. 45.66 28.32 26.02 Loam (L)
26. 33.64 26.36 40.00 Clay loam {(CL)
2. 43.64 24 .44 31.92 Clay loam {CL)
28B. 37.64 46 .36 16.00 Loam (L)
29. 35.64 40.36 24.00 Loam (L)
30. 31.64 20.36 48.00 Clay (C)
3. 29.64 26,36 44.00 Clay (C)
1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monocharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13. Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
21. Dewashara, 22. Vhanga, 23. Palima, 24 . Benarpota,
25. Khazura, 26. Garakhola, 27. Mogecrkhal, 28. Uttar Char Aicha,
29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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(i.e., > 1.80 ug/ml soil) in all soils as the critical limit

proposed by BARC (1989) was 1.8 ug/g soil for upland crops.

The values of cation exchange capacity {(CEC) of the soils of
different locations are presented in Table 4.1. The CEC values of
different soils ranged from 5.43 to 11.11 meq/100 g soil with the
lowest value observed from the loamy soils of Natun Shahar under
Panchagarh district (whose parent material was himalayan piedmont
alluvium) and highest from clay textured soils of Dikshail and
Monoharpur under Pabna district. The parent material and general
soil type of the later was ganges alluvium and calcareous brown
floodplain soil. The present results indicated that more the clay
content (Table 4.2) in the soil the higher the CEC (Table 4.1).
Similar relationship on CEC and clay content was recorded by

Motiramani et al. (1964).

The particle size distribution of thirty one soils and their
textural classes are presented in Table 4.2. A marked variation was
observed in particle size distribution in soils of different
locations under study and it was varied from sandy loam to clay and

clay loam in texture.
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4.2 Determination of soil potassium using five different

extractants

The quantity of K in soil of thirty one locations determined
by using five chemical extractants are presented in Table 4.3.
Results revealed that the exchangeable as well as available and
water soluble K extracted by different chemical extractants varied
widely from as low as 0.04 meq K/100g soil (distilled water) to a
maximum of 3.69 meq k/100g soil {(boiling 1N HNO,) . The amount of
extractable K varied markedly depending on the soils and

extractants used.

The extractable K values of different extractants were ranged
from 0.08 to 0.57 (1N NHOAc}, 0.12 to 0.47 (meq K/100ml soil)
(0.25N NaHCO,), 0.37 to 3.69 (1N HNO;), 0.10 to 0.69 {cold H,80,) and
0.04 to 0.23 meq K/100g soil with the mean values of 0.235, 0.273
(meg K/100ml soil), 2.425, 0.310 and 0.105 meqg X/100g soil for 1N
NH,OAc, 0.25N NaHCO,;, 1N HNO,, c¢old H,80, and distilled water
extractant respectively. Similar range and mean values of different
K extractants have also been reported by Panda et al. (1993},
Prakash et al. (1986), Singh et al. (1992), Islam et al. (1994},
Haque et al. (1992), Yadav et al. (1984), Bhuiyan et al. (189%2),
Mazumdar et al. (1987), Chamuah et al. (1987), Perumal et al.
(1991), Boruah et al. (1992), Chaudhary et al. (1992), Tandon et
al. (1988c) and Kumar et al. (1991). The range of K extracted by
ammonium acetate was higher than that of sodium bicarbonate and

distilled water soluble K. This might be due to presence of
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Table 4.3. Level of potassium in soil from thirty one
locations determined by using five extractants.
Location No. Level of K (me %) extracted by
1N NH,OAc 0.25N NaHCO, 1N HNO, Cold H,S0, Distilled water
{bolling)
1. 0.12 0.23 0.76 0.12 0.07
2. 0.08 0.16 1.81 0.12 0.07
3. 0.28 0.43 0.84 0.29 0.11
4. 0.14 0.23 3.10 0.18 0.08
5. 0.14 0.23 1.99 G.16 0.11
6. 0.53 0.39 3.28 0.63 0.22
75 0.57 0.43 3.69 0.58 0.23
8. 0.29 0.31 3.08 0.39 0.08
CH 0.35 0.33 3.49 0.44 6.14
10 0.14 0.20 3.02 0.22 0.10
11. 0.14 0.17 2.34 0.24 0.10
12. 0.09 0.12 2.65 0.25 0.05
12 0.28 0.21 2.52 0.32 0.15
14. 0.30 0.38 1.5 0.29 0.10
15. 0.12 0.21 3.55 0.27 0.08
16. 0.15 0.21 1.47 0.27 0.08
17 0.10 0.15 1.78 0.11 0.05
18. 0.14 0.23 1.66 0.17 0.05
19. 0.09 0.17 1.01 0.13 0.04
20. 0.31 0.34 1.23 6.33 0.11
21 0.19 0.30 0.45 0.16 0.07
22 ; 0.25 0.23 2.89 0.48 0.12
23, 0.12 0.18 2.77 0.26 0.07
24 0.42 0.36 3.55 0.69 0.18
25 0.18 0.19 2.87 0.37 0.08
26. 0.34 0.32 3.14 0.47 0.11
27 0.11 0.27 0.37 0.10 0.04
28 0.25 0.27 2.55 0.43 0.10
29. 0.27 0.29 2.99 0.29 0.13
30 0.41 0.47 3.02 0.34 0.19
31 0.36 0.46 3.02 0.54 0.17
Range of K 0.08B-0.57 0.12-0.47 0.37-3.69 0.10-0.69 | 0.04-0.22
Mean of K 0.235 0.273 2.425 0.310 0.108
SE s 0.130 0.097 0.99C 0.159 0.050
1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monoharpur, 7. Dikshail, 8. Isghapur,
8. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13. Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
21. Dewashara, 22. Vhanga, 23. Palima, 24. Benarpota,
25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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ammonium ions which are known to efficiently replace K from
exchange sites. These results are in agreement with Prakash et al.
{(1986) . Kumar et al. (1991) obtained relatively low content of
available and non-exchangeable K in so0ils which indicates the
possibility of much faster rate of depletion of exchangeable K from

the soil during intensive cultivation.

Data indicated that the extractibility of the 1N NH,OAc, 0.25N
NaHCO, and cold H,80, with the mean values of 0.235, 0.273 (meq
K/100ml soil) and 0.310 meq K/100g soil were almost similar except
some cases in the higher initial soil K level specially for the
calcareous scils (both saline and non-saline phase). Ali et al.
(1982) observed that the grey floodplain soils of saline phase
contained maximum amount of exchangeable X (average 0.50 meq K/100g
soil) followed by calcareous darkgrey floodplain and brown
floodplain soils (average 0.40 meq K/100g soil) of Bangladesh.
According to Habibullah et al. (1971) the exchangeable K content
was found highest (1.04 meq/100g soil) in calcareous darkgrey
floodplain soil followed by brown mottled terrace soil. Hunter and
Pratt {1957) reported that K extraction with cold H,SO, provides a
reliable index for the soils of Ohic and New York. Page et al.
(1984) indicated that cold or dilute acid extracts K in a short
period of time and removes approximately the same amount of K from
most of the soils as does with 1N NH,OAc extractant. They also
mentioned that cold H,SO, extraction is most useful for acidic and
neutral soils but until it is shown to be effective, 1N NH,OAc

extraction is a safer index for measuring K availability in
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calcareous soil. Moreover, acid type extractants (cold or dilute)
are suitable for many soils that have a CEC <10 meq /100g soil and

that are relatively low in organic matter content (< 5 %).

In the present study, the extracting power of the exchangeable
as well as available and water soluble K content of the soil by
different K extractants was found to be in the following decreasing
order: 1N HNO, > cold H,80, > 0.25N NaHCO, > 1N NH,OAc > distilled
water. Similar findings on extracting power of the K extractants
were reported by Perumal et al. (1991), Prakash et al. (1986},
Panda et al. (1993), Singh et al. (1992), Isgslam et al. (199%4),
Bhuiyan et al. (1992) and Hagque et al. (1992). The quantity of K
extracted by 1N HNO, (boiling) which comprised of non-exchangeable
form as well, was higher than that obtained with weak acid, salt
solutions and distilled water soluble fraction. Similar high values
of soil potassium extracted with 1N HNO, (boiling}. was reported by
Prakash et al. (1986). The high values of K extracted by 1N HNO,
might be due to some K adsorbed on interlattice sites of clay which
could not be replaced by NH," but could be extracted with HNO,, a
part of exchange complex (Singh et al., 1985). Tandon et al.
(1988d) reported that the reserve K (mineral K and the non-
exchangeable K {1N HNO,} can be visualized as the donor K and found
between the clay plates. This reserve K can not be extracted by
mild solutions like 1N NH,OAc because of the sizeable contribution
of the non-exchangeable K to the potassium nutrition of crops {(by
becoming gradually exchangeable} is mostly at the expense of K-

depletion of the soil. Krishnakumari et al. (1989) stated that as
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an extractant, 1N HNO, extracted the non-exchangeable K released in
the form of available K from K bearing minerals during crop growth.
Both 1N NH,OCAc {average 0.235 meq K/100g scil) and 0.25N NaHCO,
(average 0.273 meq K/100ml soil) extractants extracted lower
quantity of K than cold H,S80, (average 0.310 meq K/100 g soil) but
all the values were higher than that extracted by distilled water
(average 0.105 meq K/100g soil). This findings are similar to those
of the results reported by Haque and Ali (19%0). On the other hand,
Datta and Kalbande (1967) reported that mineral acids extract
higher quantity of soil potassium not only extract the exchangeable
form but alsc some non-exchangeable form which was brought in to

sclution by the breakdown of primary and secondary minerals.

In order to evaluate the performance of extractants for K
extraction from soil, standard error (+) of X values of each
extractant was considered (Table 4.3). The concept of using
standard error to measure the precision of an experiment was
introduced by Clarke (1980). Results revealed that standard error
of the K extractants varied markedly from as low as 0.050 for
distilled water and as high as 0.990 for 1N HNO, extractant.
Considering the concept of Clarke (1980), the present results led
to assume that lesser the value of standard exror, the higher the
precision of the extractant towards the extraction of K from soil.
Considering the wvalues of standard error, the precision of K
extraction was in the following order: distilled water > 0.25N

NaHCO, > 1N NH,OAc > cold H,SO, > 1N HNO,.
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4.3 Per cent K saturation of the extractable K in five extraction
methods

Per cent base (Ca**, Mg'*, K’', H", Na' etc.) saturation is a
factor which affects soil fertility. The per cent K saturation of
extractable K in five extraction methods are shown in Table 4.4.
Distilled water soluble K offered the lowest range and mean value
of per cent K saturation (0.53 to 2.33 and 1.33%) followed by 1N
NH,O0Ac (1.23 to 5.60 and 2.98%), 0.25N NaHCO, {( 1.63 to 6.59 and
3.61%) and cold H,S50, extractable K (1.47 to 8.70 and 3.96%). On the
other hand, 1N HNO, extractable K gave the highest range (5.43 to
57.09%) and mean value (31.73%) of per cent K saturation. This
might be due to higher quantity of non-exchangeable K extracted in
the form of available K by 1N HNO,. It has been reported that 2 to
5 per cent base saturation of K is assumed to be optimum for crop
production in most scils { PPI., 1983). Yadav et al. (1984)
reported that the per cent K saturation is the method of
determining indirect K mobility in the soil and they found the
range and mean value of per cent K saturation of 1IN NH,OAc

extractable K as 0.56 to 2.26 and 0.99% respectively.

Similar to extracted K values, standard error (+) was also
used to determine the efficiency of tested extractants for per cent
K saturation. The results are shown in Table 4.4 which indicate
that the value of standard error was lower for distilled water

{(0.50) and higher for 1N HNO, (12.01). It is assumed that the lower
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Table 4.4. Per cent K saturation of extractable K from five different
extraction methods of soil of thirty ome locations.
Location | K saturation (%) for the extractable X of five extraction
No. methods
IN NE,OAC 0.25N Cold H,S0, IN HNO, Distilled
NaHCO, water
A 2+11 4.03 2531 13:.33 0.53
2 1.34 2.68 2.01 30.27 1.17
3. 4.29 6.59 4_45 12.88 1.69
4. 2.58 4.24 B3 1! 57:09 1.47
B 2.48 4,07 2.83 35.22 1.95
6. 5.60 4.12 6.66 34.67 2.33
(= 513 3.87 5.22 3321 2.07
g. 3.56 3.80 4.79 37.79 0.98
D 3.88 31.66 4.88 38.69 1.55
1c 1.67 2.39 2.63 36.08 1.9
11, 191 2.32 SediT 31.88 1.36
12 123 1.63 3.41 36.10 0.68
13. 3.03 2.27 3.46 2727 l.62
14. 3.40 4.30 3.28 21.63 1.13
155 1.61 2.82 3.62 47.65 Q.81
ls. 2757 2.84 3.65 46.96 1.08
1= 161 2.42 i BE 2B.71 0.681
18. 2.40 3.594 2,91 28.42 0.86
19. 1.49 2.82 2.16 16.75 0.66
20 4.13 4.53 4.40 1l6.40 1.47
21. 3.12 4.93 2.63 7239 1.15
22. 3.24 2.98 6.22 317.44 1.55
23. 1.85 2.77 4.01 42.68 1.08
24. 5.30 4.54 8.70 44.77 2.27
25 221 2.33 4.54 35.21 0.98
26 3.72 3.50 SELS 34.39 1.20
27. 1.61 3.96 1.47 5.43 0,59
28. 3.47 375 5« 9% 40.97 1.39
29. 3.45 3.70 3. 70 38.19 1.66
30, 4,44 5.09 3.68 32.68 2.06
31. 399 5.10 5.99 34.48 1.88
Range: 1.23-5.60 1.63-6.58% 1.47- B.70 5.43-57.09 D.53-2.33
Mean: 2.98 3.61 3.96 321.73 1.33
SB: 1.23 1.07 1:62 12.02 0.50
1. Balashahar, 2. Sandhakari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monocharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13. Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
21. Dewashara, 22. Vhanga, 23. Palima, 24. Benarpota,
25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
29. Patkhali, 30. Nadmeollah, 31. West Jhalakathi.
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the value of standard error (i), the higher the capacity of per
cent base (K) saturation of the extractant. As such, the
performance of the extractants for K saturation was in the
following order: (distilled water) > (0.25N NaHCO,) > (1N NH,OAc)

> (cold H,S0,) > {1N HNO,) .

4.4 Coefficient of correlation (r) between 8o0il K values
determined by using five extractante and goil properties
Coefficient of correlation between the values cof different K

extractants (1IN NH,OAc,0.25N NaHCO,, 1N HNO,, cold H,SO, and

distilled water) and scme selected soil properties (i.e., pH, sand,

silt, clay, Ca, Mg, organic matter and CEC) were examined with a

view to identify the suitable soil properties involved in the

regulation of K extraction. The results are presented in Table 4.5.

The exchangeable K extracted by 1N NH,OAc extractant varied
from 0.08 to 0.57 meq K/100g soil (Table 4.3). The guantity of K
extracted by 1N NH,0Ac was significantly correlated with pH (r=
0.523 *%*), clay (r= 0.783 **), Ca (r= 0.802 **), Mg (r= 0.731 *#%)
and CEC (r= 0.809 **) but did not have significant relationship
with organic matter. Islam et al. (1994) observed the significant
and positive correlation of 1N NH,0Ac extractable K with pH and
clay content, while Saleque et al. (1990) found strong positive
correlation of 1N NH,OAc extractable K with the clay content of
soil. Among the scil properties, CEC revealed the highest degree of

correlation (r= 0.809 **} followed by Ca (r=0.802 **) content of
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the soil in 1N NH,OAc extraction. Data also indicated that 1N NH,OAc
had a negative relationship with sand and silt contents in soil
(Table 4.5). The significantly positive correlation between 1N
NH,OAc extractable K and clay content indicates that clay fraction
appeared to be the primary reservoir of readily exchangeable K.
Boruah et al. (1992) and Islam et al. (1994) also found similar
relationship of 1N NH,OAc extractable K with clay, CEC and organic
matter. They also reported that organic matter and clay fraction
are the primary reservoir of exchangeable K in the soil but in the
present study, organic matter could not be considered as a
reservoir of exchangeable K since it had no significant effect on
the release of K with IN NH,0Ac, 0.25N NaHCO,, 1N HNO,, and
distilled water extraction. This might be due to insufficient and

low guantities of organic matter present in the soil.

The extracted K values (0.12 to 0.47 meqg K/100ml soil)
obtained from 0.25N NaHCO; extractant had significantly positive
correlation with clay (r=0.748 **), Ca (r= 0.519 **), Mg (r=0.524
*¥) and CEC (r=0.570 **) except pH and organic matter. Results also
revealed that this form of K extractant established higher degree
of correlation with clay content. Like 1N NH,0Ac extractant, 0.25
N NaHCO, alsoc showed negative relationship with sand and silt

content of the soil.
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Table 4.5. Coefficient of correlation (r) between so0il K
values determined by using five extractants and
some soil properties.

Soil K extractant
property . .

1N NH,OAc 0.25N 1N HNO, Cold H,50, Distilled

NaHCO, (boiling) water

pH 0.523 ** 0.264 NS 0.772 ** 0.732 *+ 0.612 *+
Sand -0.567 ** -0.453 ** -0.455 *% -0.523 ¥ -0.532 ¥
Silt -0.037 NS -0.168 NS 0.318 NS 0.140 NS -0.158 NS
Clay 0.783 +%* 0.748 0.281 NS 0.574 ¥ 0.781 **
Ca 0.802 ** 0.519 ** 0.541 *%* 0.823 #* 0.769 **
Mg 0.731 ** 0.524 *+* 0.502 *%* 0.735 +* 0.720 **
Organic 0.299 NS 0.290 NS 0.183 NS 0.365 * 0.281 NS
matter
CEC 0.809 ¥ 0.570 ** 0.604 ** 0.751 ** 0.764 *%

** = Significant at 1% level, * Significant at 5% level,

NS Not significant.

The estimated K wvalues (0.37 to 3.69 meq K/100g soil)

extracted by 1N HNO, (boiling) revealed significantly positive
correlation with pH (r= 0.772 **), Ca (r=0.541 **),6 Mg (r=0.502 **)
and CEC (r= 0.604 **). Similar relationship between 1N HNO, soluble
Islam et al. (1994)

K and CEC was observed by Singh et al. (1985),

and Boruah et al. (1992). This might be due to K' adsorbed on the
edges of inner site of the lattice, which could not be replaced by
NH,* but be extracted with 1N HNO, (Singh et al., 1985 and Islam et

al., 199%4).
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Correlation coefficient of the values of K (0.10 to 0.69 meq
K/100g soil) extracted by cold H,80, are presented in Table 4.5.
Cold H,S80, extractable K showed highly significant and positive
correlation with pH (r=0.732 **), clay (r=0.574 **), Ca (r=0.823
**) Mg (r=0.735 **), organic matter (r=0.365 *), and CEC {(r= 0.751
**) . The high degree of correlation obtained between K values of
cold H,80, and calcium. This relationship might be due to presence
of high content of K bearing minerals in the finer fractions of the

solil (Islam et al., 1994).

The quantity of K extracted by distilled water varied from
0.04 to 0.23 meq K/100g soil (Table 4.3). It is evident from the
Table 4.5 that K values (distilled water) had highly significant
positive relationship with pH (r= 0.612 **), Clay (r=0.781 **), Ca
{r=0.763 **)}, Mg (r= 0.720 **) and CEC (r=0.764 **)_  Pal et al.
(1992) also reported significantly positive correlation of
distilled water extractable K with pH and silt. In the present
study, distilled water extractable K did not show any significant
relation with organic matter but established negative relationship
with sand (r=-0.532 *#*) and silt (r=-0.158). Islam et al. (1994)
found negative correlation of distilled water extractable K with
the silt content of the soils of Bangladesh. Among the soil
properties, clay content had higher degree of correlation (r=0.781
**) with the distilled water extracted K followed by calcium

content (r=0.769 **) of the soil.
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When values of r contained in Table 4.5 are compared, it is
found that the highest degree of correlation was found between 1N
NH,OAc extractable K and CEC, 0.25N NaHCO, extractable K and clay,
1N HNO, extractable K and pH, cold H,S0, extractable K and calcium,
and distilled water soluble K and clay. Among these, the highest r
value was obtained between cold H,S0, extractable K and calcium

content of soil.

4.5 Intercorrelation among K values extracted by different methods

of extraction

Coefficient of intercorrelation wvalues among different K
extractants are presented in Table 4.6. Intercorrelation wvalues
indicate that all extractants (i.e., ammonium acetate, sodium
bicarbonate, nitric acid, sulphuric acid and distilled water) had
significant positive correlation among themselves except 0.25N
NaHCO, and 1N HNO, {(r= 0.142). Significant positive correlation led
to assume the existence of equilibrium between different K
extractants of soil. Similar results were found by Yadav et al.
{1984), Roy et al. (1989), Kumar et al. (1991), Perumal et al.
{1981), Islam et al. (1994) and Negi et al. (1981). Pal et al.
(1992) reported that 1N NH,OAc extractable K had significant
positive correlation with available K and 1N HNO, extractable K,
while Saleque et al. (1990) found significant positive correlation

of 1N NH,OAc extractant with the 0.25N NaHCO,.

74




Dhaka University Institutional Repository

The coefficient of correlation among different K extractants
was found in the following order: 1N NH,OAc and distilled water (r=
0.918**) > 1N NH,0Ac and cold H,SO, (r=0.860%*) > 1N NH,OAc and 0.25N
NaHCO, (r= 0.840 **) > cold H,S0, and distilled water (r=0.800 **)
> 0.25N NaHCO, and distilled water {(r=0.730 #**) > 1N HNO, and cold
H,S0, (r= 0.663 **) > 0.25N NaHCO, and cold H,S0, {r= 0.607 **) > 1N
HNO, and distilled water (r=0.520 **) > 1N NH,OAc and 1N HNO, (r=
0.461 **) > 0.25N NaHCO, and 1N HNO, (r= 0.142). Similar
significantly positive relaticnship of K extractants was observed
with the extractable K of 1N NH,OAc and 0.25N NaHCO, by Saleque et
al. (1990), 1IN NH,OAc with dilute H,80, and 1M HNO, with distilled
water by Islam et al. (1994}, distilled water with 1N NH,OAc and 1N
HNO, by Pal et al. (1992) and Prasad (1990), distilled water with
1N NH,OAc and 1N HNO,, 1N NH,OAc with distilled water and 1N HNO,,
1IN HNO, with distilled water by Kumar et al. (1991) and 1.38 N
H,S0, by Prasad (1990} and among all the similar extractants under

study by Perumal et al. {1991}.

Nazirkar et al. (1991) reported that the degree of correlation
coefficient among the extractants and plant response to soil and
fertilizer should be considered in selecting a best extractant.
According to Goswami et al. (1971), correlation coefficient between
two variables should be greater than 0.85 for inferring a close

relationship.
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Table 4.6. Coefficient of intercorrelation among different K
extraction methods.

Potassium 1N NH,OAc K | 0.25N 1IN HNO, K Cold H,S50, K | Distil-

extractant NaHCO, K {(boiling) led
water

1N NH,OAc K = 0.840 ww 0.461 w+ 0.860 ®* 0.918 ¥«

0.25N NaHCO, K - - 0.142 NS 0.607 *~» 0.730 ®¥

1N HNO, K . - - 0.663 &« 0.520 =+

(boiling)

Cold H,S0, K - = = - 0.800 w*w

Distilled - - - - -

water K

%
NS

Significant at 1% level, * = Significant at 5% level,
Not significant

In the present study, two K extractants (distilled water and
cold H,SO,) with 1N NH,0Ac were found to be more effective for the
extraction of available K from the socil since they had r values >
0.85. The strong correlation between extractants indicating the
equal effectiveness for the extraction of soil K. Tandon et al.
{1988d) reported that the digtilled water soluble K {water soluble
K} is a very small fraction of total K in the soil which is present
in the soil sclution. This form of K is in direct equilibrium with
exchangeable K. According to Singh et al. {1992) the extractants
like distilled water and 0.5M NaHCO, are known to be best for

simultaneous extraction of more than one nutrient elements.

From the simple correlation among the extractants, it could be
inferred that the 1N NH,OAc extractable K was more related to

distilled water (r= 0.918**) and cold H,S80, (r= 0.860 **) followed
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by 0.25N NaHCO, (r=0.840 **) extractant as evidenced by high r
values (Table 4.6). Similar results were also reported by Perumal
et al. (1991) but Islam et al. (1994) found higher degree of
correlation of 1N NH,OAc extractable K with the K values of 0.7M

H,80, and 1N HNO, extractants.

4.6 Critical limit of potassium in soil and plant and the response
of wheat to applied potash in soils of thirty one locations

4.6.1 Effect of K application on the dry matter yield, per cent
relative yield, per cent K concentration in plant and K
uptake of wheat

The data on threshold yield, plateau yield and per cent
relative yield of wheat with extractable K wvalues of five
extractants are presented in Table 4.7. The exchangeable as well as
available and water soluble potassium status of different soils of
the pot culture experiment showed marked variation among different

K extractants. Due to differences in so0il potassium content,

distinct variation were also observed for the threshold yield (2.37

to 5.44 g pot™), plateau yield (2.99 to 6.36 g pot ') and per cent

relative yield at optimum K level (59 to 95 %) of wheat. The
present results (Table 4.8.) clearly indicated that the dry matter
yield of wheat increased with increasing levels of K application up

to 30 to 45 mg k kg* levels.
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Table 4.7. Quantity of potassium extracted by different K
extractants, dry matter yield and per cent relative
yield of wheat grown in soils of thirty one
locations.

Quantity of K {me %) extracted by Dry matter yield Rela-
Loca- (g paot™} tive
tion yield
No. 1N NH,0Ac 0.25N 1N HNO, Cold Distilled | Threshold | Plateau | (%)
NaHCO, (boiling) H,S0, water yield yield

1 0.12 0.23 D.76 0.12 0.07 4.21 6€.33 67
2. 0.08 0.16 1.81 0.12 0.07 2.96 5.03 55
3. 0.28 0.43 c.84 0.29 0.11 3.57 4.85 74
1. 0.14 0.23 3.10 0.18 0.08 3.10 3.93 79
s. 0.14 0.23 1.99 0.16 0.11 5.16 6.36 81
6. 0.53 0.39 3.28 0.63 0.22 2.90 3.36 B6
7. 0.57 0.43 3.69 0.58 0.23 2.99 3.47 B6
8. 0.29 0.31 3.08 ©.39 0.08 3.45 3.69 54
9. 0.35 0.33 3.49 0.44 0.14 3.35 3.78 a9
10 0.14 0.20 3.02 0.22 0.10 2.81 3.73 75
11 0.14 0.17 2.34 0.24 0.10 3.60 4.47 81
12 0.09 0.12 2.65 0.25 0.05 2.73 3.73 73
13 0.28 0.21 2.52 0.32 0.15 3.43 4.46 77
14 0.30 0.38 1.91 0.29 0.10 3.79 4.68 81
15 0.12 0.21 3.55 0.27 0.06 3.78 5.82 65
16 0.19 0.21 3.47 0.27 0.08 3.21 5.63 &5
17 0.10 ©.15 1.78 0.11 0.05 2.50 3.87 65
18. 0.14 0.23 1.66 0.17 0.05 3.33 3.83 87
19. 0.09 0.17 1.01 0.13 0.04 2.38 3.76 63
20. 0.31 0.34 1.23 0.33 0.11 3.23 4.19 77
21. 0.19 0.30 0.45 0.16 0.07 4.06 4.92 83
22. 0.25 0.23 2.89 0.48 0.12 3.49 4.14 84
23 0.12 0.18 297 0.26 0.07 4.10 4.66 88
24, 0.42 0.36 3.55 0.69 0.18 3.54 3.84 92
25. 0.18 0.19 2.87 0.37 0.08 3.91 4.13 95
26. 0.34 0.32 3.14 0.47 0.11 3.53 3.82 92
27. 0.11 0.27 0.37 0.10 0.04 237 3.54 67
28. 0.25 0.27 2.95 0.43 0.10 2.55 2.99 85
25. 0.27 0.29 2.99 0.29 0.13 5.44 6.22 87
30. 0.41 0.47 3.02 0.34 0.13 5.34 5.64 95
31. 0.36 0.46 3.02 0.54 0.17 1.98 5.88 85
1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monoharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,

13. Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,

17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,

21. Dewashara, 22. Vhanga, 23. Palima, 24 . Benarpota,

25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,

29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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These results are in agreement with the observation of Kumar et al.
(1991} and Gosw?mi et al. (1976). Further increasing the dose of K,
the dry matter yield of wheat decreased in soils which contained
high levels of initial K. Islam et al. (1994} reported that the
yield is more affected than uptake by many factors other than the
available nutrient status in the surface soils such as application
of other nutrients, environment and management practices relating

K uptake with its soil test value.

The per cent K concentration (Ko) of wheat plant varied
markedly due to variation of initial K wvalues in soils and it
ranged from 2.41 to 5.83% (Table 4.8). Similar findings of the
range of K (< 1.1 to 4.1%) on wheat have been reported by Rao et
al. (1989) while Chapman (1967) indicated 2.30 to 3.40% as the
intermediate K status of wheat harvested at flowering stage. On the
other hand, Kumar et al. (1991) found 1.10 to 1.40% K in the wheat

plant of K control plot.

The results of potassium uptake by wheat plant are presented
in Table 4.8. It is revealed that K uptake by wheat plant at 42
days of sowing increased with increasing levels of K application up
to 30 to 45 mg K kg*' and ranged from 60 to 467 mg K kg-!. This
results agreed with the findings of Prakasgh et al. (1986}, Mazumdar
et al. (1987) and Kumar et al. (1991). It is observed that the
magnitude of K uptake was higher in 30 to 45 mg K kg™ application

as compared 0 to 15 mg K kg? levels.
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Table 4.8. Effect of K application on the dry matter yield,
per cent relative yield, K concentration and
K uptake of wheat.

Loca- Dry matter yield (g pot ') Rela- ¥ K Potassium uptake (ma pot !}
tion tive Conc.
No. K applied {mg K kg "'} ¥t?1d at Ko K applied img K kg™
1] 15 30 45 60 0 15 30 45 60
: 4.21e 4.71d S.16¢c $.65b 6.33a 67 2.83 119 204 258 [ 315 g0
2 2.96¢ J.44bc | 3.93b 3.88b 5.03a 59 3.50 104 158 193 184 273
3. 3.57c 4.10bc | 4.2%ab | 4.85a 3.75bc 74 = 85 & 113 174 250 319 | 288
4. 3.10b 3.47ab | 3.60a 3.73a 3.93a 79 4.00 124 188 216 | 227 301
5. 5.16c 5.51b 5.52b 5.55b 6.36a 81 4.17 215 280 373 | 422 445
6. 2.90b 3.16ab | 2.90b 3.36a 3.10ab 86 4.08 118 179 181 193 163
7. 2.99b 3.47a 2.96b 3.10ab | 3.01b 86 5.08 152 223 210 | 240 21§
8. 3.45b 3.15¢ 3.31b 3.34b 3.6%a 94 5,17 178 215 237 | 23¢ 231
9. 3.3%b 3.78a 3.50b 3.52b 3.77a CE] 5.42 182 239 251 | 258 254
12 2.014 2.84cd 3.00c 3.18b 3.73a 75 4.33 122 168 170 196 3%
11. 3.60b 3.97b 4.47a 3.7 4.03ab 81 4.33 156 241 291 | 254 282
12. 2.73d 2.97cd 3.159bc 3.52ab 3.73a 73 5.41 148 188 207 kb 255
13. 3.43b 4.16a 4.32a 4.462 q.24a ” 5.50 189 270 327 | 338 314
14. 3.79b 3.89p 4.05b 4.68a 4.49%a g1 5.75 218 249 307 293 307
1s. 3.78d 4.31c 4.686¢c 5.24b 5.82a €S 3.50 132 240 322 3gs | as1
16. 3.21c 3.65bc | 4.13ab | 4.63a 4.17ab 69 4.29 138 161 247 | 239 226
2% 2.50b 31.60a 3.87a 31.77a 3.87a 65 2.41 60 105 155 | 163 148
18. 3.33b 3.37b 3.83a 3.40b 3.43b 87 3.50 117 140 198 226 211
19. 2.28d 3.05¢ 3.12¢ 3.76a 3.45b 63 4.25 101 160 208 197 201
20. 3.23d 3.44c 3.56¢ 3.77p 4.19a 77 4.91 159 a29 240 | 264 269
21. 4.08c 4.45b 4.57 4.88a 4.92a 83 3.16 128 185 224 281 332
22 3,49b 4.14a 3.71b 3.57b 3.52b 64 5.58 195 276 269 | 277 261
23. 4.10b 4.25b 4.15b 4.66a 4.02b CT] 4.08 167 234 242 287 197
24 . 31.54b 3.73a 3.84a 3.30c 3.56b $2 $.83 206 230 259 | 234 255
25. 3.91abc 3.7%c¢ 3.65c 4.13a 3.96ab 95 4.25 166 171 173 207 208
26. 3.53ab 3.82a 3.3s5b J.04c 2.664 92 5.08 179 280 212 223 173
2%, 2.37¢c 3.09b 3.29ab | 3.54a 3.42a 87 2.58 €1 127 159 180 174
28. 2.55a 2.67a 2.Bda 2.9% 2.93a 8s 4.16 106 140 144 142 119
29. 5.44d 5.65cd { 5.91b 6.22a §.77bc 87 5.00 272 438 433 | 467 | 346
30. 5.34a 5.64a 5.03a 4.94a 4.92a Ss 5.58 298 437 52 353 295
1. 4.98c 5.80a 5.61ab | &.55ab | S.36bc 85 5.50 274 387 374 | Is1 322

In a column, means followed by a common letter are not significantly different at 5% level.

1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,

5. Nischintapur, 6. Monoharpur, 7. Dikshail, 8. Ishapur,

9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,

13. Palld, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,

17. Lalapur, 18. Jatanpukuria, 1%. Daulatpur, 20. Kamorgram,

21. Dewashara, 22. Vhanga, 23. Palima, 24 . Benarpota,

25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
2%. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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4.6.2 K concentration in wheat plant and per cent relative
yield

The concentration of K in wheat plant in K control pots ranged
from 2.41 To 5.83 % ( % in dry matter) and are presented in Table
4.9. Wide variations in the dry matter yield and per cent K
concentration of wheat was observed due to differences of potassium
fertility in the soil. It appeared from the data that the higher K
values in the initial soil resulted the highest K concentration in
wheat plant especially in the calcareous soil both saline and non-
saline phases. Data further revealed that the concentration of K
increased in almost all soils with increasing the level of applied
K up to 30 to 45 mg K kg* and it was ranging from 2.41 to 7.75%.
According to Rao et al. (1989) the range of K concentration in
wheat plant was < 1.0 to 6.1% at 45 days of sowing but the range

was 2.30 to 3.40 % as reported by Chapman (1%967).
On the basis of K concentration in wheat plant, per cent

relative yield was calculated from the corresponding dry matter

yield of wheat and it ranged from 59 to 100% (Table 4.9).
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Table 4.9. Dry matter yield, K concentration in plant (1N HCI
extraction) at different levels of applied K and
per cent relative yield of wheat.

Loca- Dry matter yield (g pot °!) K concentration (¥ in dry matter) Rela-
tion tive
No. X applied (mg K kg ') K applied (ma X kg'} ){'tfld
0 15 30 45 60 0 15 390 45 60
v 4.21 4.71 5.16 5.65 6.33 2.83e 4.33d 5.00¢ 5.58b 6.00a 67
2. 2.98 3.44 3.931 3.88 503 3.50e 4.5a8d 4.92b 4.75¢c 5.42a 59
3. 357 4.10 £.29 4.85 375 3.17e 4.25d 5.B3c &.58b 7.67a 95
4. 3.10 3.47 3.60 3.73 3.93 4.900d 5.42c 6.00b €.08b T.67a 73
S. 5.16 551 5.52 5.55 &.36 4.17e 5.08d €.75¢c 7.58a 7.00b 93
6. 2:.90 3.16 2.5%0 3.36 3.10 4.0Be 5.67¢ 6.25a 5.75b 5.254 100
Te 2.99 3.47 2.9 31.10 3.01 S.08d 6.42¢c 7.08b 7.75a 7.17bh 96
a. 3.45 3.15 3.32 3.34 3.69 S.1%e 6.83c 7.17a 7.08b 6.25d 93
s 3.35 3.78 3.50 3.52 3.272 5.42¢ 6.33b 7.1l6a 7.33a 6.75h 95
10 2:B2 2.84 3.0¢ 3.18 3.73 4,33e 5.92¢ 5.67d 6.17b 6.42a 75
p s 108 3.40 .87 4.47 3.77 4,03 4.334d 6.08¢c 6.50b 6.75a 6.50b 95
12. 21 2.97 3=19 3.52 3:73 5.41e 6.33d 6.50c 6.67b 6€.B3a 13
13 3.43 4.16 4.32 4.46 4,24 5.50¢ 6£.50b 7.58a 7.58a 7.41ab 79
14, 3.7% 3.85 4.05 4.68 4.49 5.75e 6.41lc 7.58Ba 6.25d 6.83b 94
15. 3.78 4.31 4.66 5.24 5.82 3.50e 5.58d 6.91c 7.25b 7.75a &5
16. 3.21 3.65 4.13 4.63 4.17 4.29e 4.,40d 5.98a S5.16¢c 5.41b 78
o liy 28 2.50 3.60 3.a7 .77 3.87 2.41e 2.914 4.00b 4.33a 3.83c 13
1B. 3-33 337 3.83 3.40 3.43 3.50e 4.164 5.16¢c 6.66a &.16b %8
19. 2.38 3.05 3.12 3.76 3.45 4.25d 5.25¢ &.G66a 5.25¢ 5.B3b 76
20, 3.23 3.44 3.56 377 4.15% 4.%14 6.66b 6.75b 7.00a 6€.41¢ a6
2%. 4.06 4.45 4.57 4.88 4.92 3.1l6e 4.16d 4.91¢ 5.75b 6.75a 83
22. 3.49 4.14 31.71 3.57 3.52 5.58e 6.66d 7.25¢ 7.75a 7.41b 98
23. 4.10 4.25 4.15 4.66 4.02 q.08e 5.50¢ 5.83b 6.1l6a 4.914 BB
24. 3.54 .73 3.84 3.30 3.56 5.83e 6.16d 6.75¢ 7.08b 7.16a 99
25. 3:91 3.79 3.€5 4.13 3.86 4.25b 4.50b 4.75a 5.00a S-25a 99
26. 3,53 3.82 3.38 3.04 2.66 5.0a8d 7.33a 6§.33c 7.33a 6.50b 92
b 218 2.37 3.09 3.29 3.54 3.42 2.58d 4.12¢c 4_.83b 5.08a 5.08a &7
28. 2.55 2.67 2.84 2.98 2.913 4.16b 5.25ab S.08ab 4.75ab 4.75ab 96
29. 5.44 5.65 5.91 6€.22 5.77 5.00e 7.75a 7.33c 7.50h 6.00d 96
30. 5.34 5.64 5.03 4.594 4.92 5.58e 7.75a 7.00c 7.15b 6.00d 95
= b (8 4.58 5.88 S.61 5.55 5.36 5.50e 6.75a @.a6b 6.33¢c 6.00d 85

In a column, means followed by a common letter are not significantly different at 5% level.

1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, &. Monocharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13. Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
21. Dewashara, 22. Vhanga, 23. Palima, 24. Benarpota,
25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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4.6.3 Correlation coefficient of 80oil K values of five
extractants with various plant parameters of wheat
Simple correlation coefficient of threshold yield, plateau
yield, per cent relative yield (dry matter basis), per cent k
concentration {at Ko) and K uptake (at Ko) of wheat with the K
values of five K extractants are presented in Table 4.10. All
extractants (1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,SO, and
distilled water) were found to be useful for estimating
exchangeable as well as available and water soluble soil K on the
basis of their significant positive correlations with per cent
relative yield, per cent K concentration (at Ko} and also with the
K uptake (at Ko) of wheat plant. Kumar et al. (1991) reported
significantly positive correlation cof the K values of different
extractants (distilled water, 1N NH,OAc and 1N HNO,) with per cent
relative yield, per cent K concentration {at Ko) and K uptake of
wheat. Singh et al. (1992) observed significantly posgitive
correlations of 1N NH,OAc, 0.5M NaHCO, and distilled water with per
cent relative yield and K uptake by lentil plant. Perumal et al.
{1991) recorded significant and positive relationship of K uptake
by sorghum with distilled water and 1N NH,OAc extractable K.
Similar findings with distilled water have also been reported by
Ekpete (1972) using sorghum as a test crop. Panda et al. {(1993)
observed significant correlation of the extractable K values of 1N
NH,OAc and 0.5N HNO, with dry mater yield, per cent relative yield,
per cent K concentration and K uptake of rice while the 1N HNO,

extractable K correlated with threshold yield, per cent relative
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yield and K uptake with relatively lower r values. Roy et al.
(1989) found significantly positive correlation of distilled water
and 1N NH,OAc extractable K only with the per cent relative yield

of wheat.

The correlation coefficient between so0il K of different
extractants and K uptake of wheat showed significantly positive
relationship and found to be in the following decreasing order:
distilled water > 0.25N NaHCO, > 1N NH,OAc > cold H,80, > 1N HNO,
(Table 4.10). The above relationship indicated that the wheat
plants able to absorb exchangeable K from the soil more easily than
non-exchangeable form. This condition led to assume that most of
the scils under the study require K fertilization for wheat

cultivation.

Results of correlation coefficient (Table 4.10) revealed that
cold H,SO, was the most important K extractant which influenced the
per cent K concentration (r= 0.652 **) and relative yield (r= 0.642
**) of wheat. Datta et al. (1967) and Prakash et al. (1986)
observed similar significant relationship of 6N H,S0, extractable
K with the per cent relative yield as well as K uptake of rice and
wheat plants respectively. Prasad (1990) found significant
correlation of 1N HNO, extractable K with the K uptake of wheat.
This might be explained by the fact that plant could use more X
from the scil than the exchangeable form alone (Prakash et al.,

1986) .
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Table 4.10. Correlation coefficient (r) of soil K of different
extractants with various plant parameters of wheat.

X extractant
Plant parameter
1N NE,OAc | 0.25N 1N HNO, Cold H,SO, | Distilled
NaHCO, (boiling) water
Threshold dry 0.176 NS 0.357 * 0.118 NS 0.086 NS 0.302 NS
matter yield (K
control yield)
Plateau dry -0.143 NS | 0.074 NS -0.024 NS -0.221 NS 0.037 NS
matter yield
(Maximum yield)
Relative dry 0.603 *%x 0.493 ** 0.481 ¥* 0.642 ** 0.530 **
matter yield
{%)
K concentration 0.566 ** 0.369 * 0.595 *«* 0.652 *w 0.567 *+
(%) at Ko
K uptake at Ko 0.463 *¥* 0.483 *»* 0.430 * 0.439 *#* 0.547 *¥

* ¥
NS

Significant at 1% level, * = Significant at 5% level,
Not significant.

In the present study, it has been observed that the
extractants (1N NH,OAc, 1N HNO,, cold H,SO, and distilled water) did
not show any significant relationship with threshold and plateau
yield of wheat except 0.25N NaHCO, (Table 4.10). This extractant
had significant correlation with threshold yield at lower r value
(xr=0.357 *). Among all K extractants, 1N NH,OAc, 1N HNO, and cold
H,S0, extractable K indicated negatively insignificant correlation
with plateau yield of wheat. This was probably due to fact that the
release of K from the non-exchangeable source and its utilization
by growing crop was restricted for the adequate supply of readily

available (distilled water and exchangeable) K fractions in soils
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(Panda et al., 1993). Ganeshamurthy et al. (1985) reported that
contribution of non-exchangeable K to crops become significant only
after exhaustion of the readily available potassium fraction by

repeated cropping in plots receiving no potassium fertilizer.

The correlation coefficient between extractable K of different
chemical extractants and various plant parameters of wheat
highlighted the superiority of the cold H,S0, extractant over the
other four as it manifested the highest correlation coefficient
value with per cent K concentration (at Ko) (r= 0.652 **) followed

by per cent relative yield of wheat (r= 0.642 *%*)

4.6.4 Critical limit of goil potassium for wheat

To find out the critical limits of exchangeable, available and
water soluble K for wheat scatter graphical technique as well as
mathematical procedure of Cate and Nelson (1965 and 1971) were
used. In case of scatter graphical technique, the per cent relative
yield of wheat (dry matter basis) was plotted against soil K
extracted by five different extractants (Table 4.7 and Figures 4.1
to 4.5). According to Cate and Nelson (1965) graphical procedure,
0.13, 0.28 (meq K/100ml soil), 1.86, 0.34 and 0.08 meq K/100g soil
were found to be as critical limits by 1IN NH,OAc, 0.25N NaHCO,, 1N
HNO,, cold H,S0, and distilled water extractants respectively (Table
4.11) . A soil was considered as non-responsive to K when the per

cent relative dry matter yield of wheat was more than 76, 83, 74,
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84 and 73 for 1N NHOAc, 0.25N NaHCO,, 1N HNO,, cold H,SC, and

distilled water extractions respectively (Figures 4.1 to 4.5).

The results of the graphical technique were further confirmed
by mathematical procedure of Cate and Nelson (1971) to rectify
human bias while drawing partition 1line particularly the one
parallel to Y-axis. By using the mathematical procedure of Cate and
Nelson (1971), the calculation of coefficient of determination (R?)
and critical limit for best two population split using the two mean
discontinuous model was done (Tables 4.12 to 4.16) for the soils
with the same K extractants as used in the graphical procedure.
This two mean discontinuous model for best two population split
provides a critical limit between 0.12 to 0.14 meq K/100g soil for
1N NH,OAc, 0.27 and 0.29 meq K/100ml soil for 0.25N NaHCO;, 1.81 and
1.91 meg K/100g soil for 1N HNO,, 0.33 and 0.34 meq K/100g soil for
cold H,S0, and 0.07 and 0.08 meq K/100g soil for distilled water
soluble K (Tables 4.12 to 4.16). As such 0.13, 0.28 (meqg K/100ml
soil), 1.86, 0.34 and 0.08 meqg K/ 100g soil could be considered as
critical limits both graphical and mathematical procedures for 1N
NH,O0Ac, 0.25N NaHCO,;, 1N HNO,, cold H,S0, and distilled water
extractants respectively (Table 4.11). Several investigators
determined critical limits for 1N NH,OAc extractable K such as 0.14
meq K/100g soil for wheat (Kumar et al., 1991), 0.16 meqg K/100g
scoil for rice (Panda et al., 1993), 0.14 meq K/100g soil for wheat
(Roy et al., 198%9), 0.20 meq K/100g soil for rice (Jones, 1982) and

0.15 meq K/100g soil for wheat (Prasad, 1990).
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Fig.4.1. Criical imit determination based on the relationship between exchangeable K (1 N
NH.OA¢ extraction ) content of soil and relative dry matter vield of wheat grown in soils of thirty

one locations.
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Table 4.11. Critical limits of five soil K extractants for
wheat as determined by graphical and mathematical
procedures.

Soil K Methods of determining critical limit of K
extractant . :

Graphical Mathematical
1N NH,OAc 0.13 (meqg K/100g soil) 0.13 {(meq K/100g soil)

(0.12-0.14) *

0.25N 0.28 {meqg K/100 ml soil) 0.28 {(meq K/100ml soil)
NaHCO, (0.27-0.29) *
1N HNO, 1.86 (meqg K/100g soil) 1.86 (meq K/100g soil)

(1.81-1.91)+*

Cold H,S0O, 0.335 {meq K/100g soil) 0.335 (meq K/100g soil)
(=0.34) (=0.34)
(0.33~0.34)*

Distilled 0.076 {(meq K/100g soil) 0.075 (meqg K/100g soil)
water (=0.08) (=0.08)
(0.07-0.08) *

* Indicate the range of K critical limit

Like 1N NH,OAc extractable K, the results of critical limits
for different K extractants are in agreement with several workers.
Portch et al. {(1984) reported 0.20 meq K/100ml soil as the critical
limit of 0.25N NaHCO, extractant for upland crops. Mehta et al.

(1994), Mazumdar (1987) and Bhuiyan et al. (1992)

384709
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Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-

Table 4.12.

mean discontinuous model for wheat (1N NH,0AC
extraction) .
Lagt value of Population 1 Population 2 Postulated R? for
exchangeable critical postulated
soll K limit between critical limic
included in Mean Corrected Mean Corrected values
population 1 relative sum of relative sum of
yield squares of | yield squares of

deviations deviations

from mean from mean

{C88*) {CS8?)
0.08 59 0 81 2638 0.08 & 0.09 0.147¢
¢.08 €5 104 82 2240 0.09 & 0.10 0.2428
0.1¢C 65 104 82 1953 0.10 & 0.11 0.3353
0.11 65 107 83 1711 0.11 & 0.12 0.4125
D12 68 550 84 1080 .12 & 0.14 0.4733 z‘
0.14 73 1085 85 927 0.14 & .18 0.3499
Q.18 75 1531 B84 §22 0.18 & 0.19 0.2397
0.19 75 1632 BE 562 .19 & 0.25 0.2911
0.25 76 1800 13 558 .25 & 0.27 0.2381
0.27 76 1917 86 557 0.27 & 0.28 0.20086
0.28 7€ 1923 BB 304 0.28 & 0.29 0.2804
0.29 77 2219 87 260 0.29 & 0.30 0.1990
0.30 77 2233 a8 220 0.30 & 0.31 0.2074
0:-3E 77 2233 B9 87 0.31 & 0.34 0.2503
0.34 78 2440 89 79 .34 & 0.35 0.18€60
Q.35 78 2558 89 79 0.35 & 0.36 0.1479
0.386 79 2601 90 61 0.36 & 0.41 0.1398
0.41 79 2060 88 24 0.41 & 0.42 0.0681
0.42 BO 3019 86 0 0.42 & 0.53 0.0245
0.53 BOD 3058 B& 0 0.53 & 0.57 0.0119
/ R?* =TCSS- (CSsS* + (¢88?%), TCSS = Total corrected sum of squares

TCSS

2/ Critical limit lies between 0.12 and 0.14 with an average of
0.13 meqg K/100g soil
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Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-
mean discontinuous model for wheat (0.25N NaHCO,
extraction).

Table 4.13.

Last value of Population 1 Population 2 Postulated R? for
available critical postulated
soil K limit between eritical limit
included in Mean Corrected Mean Corrected values il
population 1 relative | sum of relative | sum of
yield squares of yield squares of

deviations deviations

from mean from mean

{Cssh) {C557)
0.12 73 0 60 3044 0.12 & 0.15 0.0164
0.15 69 3z a1 2B03 0.15 & 0.16 0.0839
0.16 66 99 62 2311 0.16 & 0.17 0.2213
0.17 68 309 82 1952 0.27 & 0.18 0.2654
0.18 72 636 8z 1318 0.18B & D.19 0.1747
0.19% 75 1105 a2 1744 0.1% & 0.20 0.0781
0.20 75 1109 82 1169 0.20 & 0.21 0.0927
0.21 74 1229 84 1169 0.21 & 0.23 0,2251
0.23 76 1586 85 830 0.23 & 0.27 0.2153
0.27 76 1748 86 486 0.27 & 0.29 0.2781 2/
0.285 76 1873 86 486 0.29 & 0.30 0.2377
0.30 77 1917 86 475 0.30 & 0.31 0.2271
0.31 77 2209 85 412 0.31 & 0.32 0.1531
0.32 78 2414 BS 368 0.32 & 0.33 0.1011
0.33 78 2530 85 350 0.33 & 0.34 0.0694
0.34 78 2532 13 286 0.34 & 0.36 0.0B94
0.36 79 2709 85 238 0.36 & 0.38 0.0478
D.38 79 2713 85 223 0.38 & 0.39 ©.0513
0.39 79 2760 a5 222 D.39 & 0.43 0.0365
0.43 79 2833 90 50 D.43 & 0.46 0.0684
0.46 ao 2B63 95 0 0.46 & 0.47 0.0749

1/ R?* =TCSS-(CSS®* + C8s?), TCSS = Total corrected sum of squares

TCSS

2/ Critical limit lies between 0.27 and 0.29 with an average of
0.28 meq K/100ml soil.
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Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-

Table 4.14.

mean discontinuous model for wheat (1N HNO,
extraction).
Last value of Populaticn 1 Population 2 Postulated R? for
available critical postulated
s0il K limit between critical limit
included in Mean Corrected Mean Corrected values il
population 1 relative sum of relative sum of
yield squares of | yield squares of

deviations deviations

from mean from mean

{C55') {CSS?)
0.37 67 ¢ 80 2919 0.37 & 0.45 0.0568
0.45 75 128 80 2913 0.45 & 0.76 0.0174
0.76 72 171 Bl 2727 0.76 & D.B4 0.0636
0.84 73 173 81 2673 0.84 & 1.01 0.0785
1.021 71 245 a8z 2338 1.01 & 1.23 0.1641
1.23 72 281 82 2314 1.23 & 1.66 0.1615
1.66 74 478 82 2288 l.66 & 1.78 0.10€62
1.78 73 549 83 1994 1.78 & 1.81 0.1783
1.81 71 720 84 1415 1.81 & 1.91 0.3101 2/
1.91 i 21 804 A4 1408 1.91 & 1.99 ¢.2852
1.99 73 873 84 1401 1.99 & 2.34 ¢.2652
2.34 74 930 B4 1392 2.34 & '2.52 0.2437
2.52 74 9440 84 1340 2.52 & 2.65 0.2633
2.65 74 941 85 1203 2.65 & 2.77 0.3072
2.7 75 1126 es 1194 2.77 & 2.87 0.2503
2.87 ¥ 1506 B84 1084 2.87 & 2.89 0.1631
2.89 77 1564 B84 1084 2.89 & 2.95 0.1444
2.95 77 1631 eq 1084 2:95 & 2798 0.1227
2.99 78 1725 B4 1075 2,99 & 3.02 0.0953
3.02 79 2067 84 a70 3.02 & 3.08 0.0510
3.08 79 2294 B2 748 3.08 & 3.10 0.0171
3.10 79 2295 83 735 3.10 & 3.14 0.0209
3.14 :1¢) 2451 gl 635 3.14 & 3.28 0.0028
3.28 :1¢) 2488 :1¢] 607 3.28 & 3.47 0.000C1
3.47 80 2605 B3 450 3.47 & 3.49 0.0129
3.49 a0 2690 A1 402 3,49 & 3.55 0.0009
355 a0 3058 86 0 3.55 & 3.69 0.0119

1/ R?* =TCSS-(CSS' + Css?), TCSS = Total corrected sum of squares

TCSS

2/ Critical limit lies between 1.81 and 1.91 with an average of
1.86 meq K/100g soil.

96



Table 4.15.

Co-efficient of determination

Dhaka University Institutional Repository

(R?)

and K critical

limit for best two population split using the 2-

mean discontinuocus
extraction}.

model for wheat

(cold H,SO,

Last value of Population 1 Population 2 Postulated R? for
available ¢ritical postulated
soil K limit between critical limit
included in Mean Corrected Mean Corrected values 1/
population 1 relative sum of relative sum of
yield squares of | yield squares of

deviations deviations

from mean from mean

{Css') {CSs?)
0.10 67 4] 80 2519 0.10 & 0,11 0.0568
0.11 66 2 81 2672 0.11 & 0.12 0.1360
0.12 65 43 82 1944 0.12 & 0.13 0.3579
0.13 64 45 83 1556 0.13 & 0.16 0.4727
0.16 69 499 83 1551 0.16 & 0.17 0.3376
017 72 774 a3 1536 0.17 & 0.18 0.2536
0.18 72 824 83 1518 0.18 & 0.22 0.2429
0.22 73 830 B84 14458 0.22 & 0.24 0.2636
0.24 73 885 B4 1442 0.24 & 0.25 0.24459
0.25 73 8385 B4 1322 0.25 & 0.26 0.2863
0.26 74 1083 84 1307 0.26 & 0.27 0.2245
0.27 73 1198 86 644 0.27 & 0.25% 0.4048
0.29 7S 1412 87 447 0.29 & 0.32 0.3993
0.32 75 1417 B8 329 0.32 & 0.23 0.4358
0.33 75 1422 89 189 0.33 & 0.234 0.479%4 gi
0.34 76 1807 89 154 0.34 & 0.37 0.3663
0.37 77 2156 68 113 0.37 & 0.39% 0.2675
039 77 2442 B7 72 0.39 & 0.43 0.1877
0.43 78 2456 88 65 0.43 & 0.44 6.1725
0.44 78 2617 88 64 0.44 & 0.47 0.1337
0.47 79 2799 87 339 0.47 & 0.48 0.0830
0.48 79 2825 87 31 0.48 & 0.54 0.0772
0.54 79 2860 88 24 6.54 & 0.58 0.0681
c.58 79 2905 89 18 0.58 & 0.63 0.0555
0.63 8o 2947 92 0 0.63 & 0.69 0.0478

1/ R®* =TCSS-(CSS* + €88?%), TCSS = Total corrected sum of squares

TCSS

2/ Critical limit lies between 0.33 and 0.34 with an average of
.3

e

35 meq K/100g soil.
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Table 4.16. Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-
mean discontinuous model for wheat (distilled water

extraction) .
Last value of Population 1 Population 2 Postulated R? for
distilled ¢ritical postulated
water goluble limit between | critical limit
K included in | Mean Corrected Mean Corrected values 1/
population 1 relative sum of relative sum of
yield squares of yield sguares of

deviations deviations

from mean from mean

{css') {C88%)
0.04 €5 8 81 2604 0.04 & D0.05 0.1560
0.05 71 376 a2 2233 0.05 & 0.06 0.1570
0.06 70 406 a8z 1940 0.06 & 0.07 0.2419
0.07 72 1000 84 1070 0.07 & 0.08 0.3311 3(
0.08 75 1521 84 599 0.08 & 0.10 0.1857
0,10 76 2056 es 486 0.10 & 0.11 0.1786
0.11 77 2310 87 208 0.11 & 0.12 0.1864
0.12 78 2354 87 199 0.12 & 0.13 0.1751
0.13 78 2439 87 199 0.13 & 0.14 0.1476
0.14 78 2556 a7 195 0.14 & 0.15 0.1111
0.15 78 2558 89 79 D.15 & 0.17 0.1479
027 79 2601 90 61 0.17 & 0,18 0.13898
0.18 79 2774 a9 54 0.18 & 0.189 0.0862
.19 80 3019 86 0 0.19 & 0.22 0.0245
0.22 80 3058 86 0 0.22 & 0.23 0.0119

1/ R? =TCSS- (CSS! +_CSS?), TCSS = Total corrected sum of squares
TCSS

2/ Critical limit lies between 0.07 and 0.08 with an average of
0.075 meq K/100g soil.
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determined 0.58 as the critical limit for 1N HNO, of wheat, 0.02
for distilled water soluble K of wheat and 1.13 meqg K/100g soil for

1N HNO, of rice respectively.

It was assumed that the soils rated below the critical limits
for wheat plant would respond to K application. Thus, based on the
critical limits of all extractants, soils of experimental sites
were partitioned into two categories i.e., below the critical limit
and above it. With soils below the critical limits, there was an
increasing trend of response to potassium application for all
extractants (Table 4.17 and Figures 4.6 to 4.10). The response
interms of dry matter yield of wheat ranged from 3.13 to 4.46qg pot™?
when potassium was applied from 0 to 60 mg K kg* levels. It
appeared from the results (Table 4.17} that 26, 58, 29, 65 and 32
per cent of the total soils (thirty one locations) were responded

economically for 1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,SO, and
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Table 4.17. Response of wheat to potassium applied in different
level of soil K (below and above the critical
limit} determined by using five extractants.

Soil K Level of K in Number of Average dry matter yileld
extractant soll {(me ¥%) soils (g pot?)
responded
K applied (mg K kg ')
0 15 30 45 60
1N NH,CAc <0.13 8 {26) ° 3.13 3.68 3.92 4.25 4.46
{0.08-0.12)"
>0.13 23 {74) 3.65 3.99 4.00 4.09 4.07
{0.14-0.57)*
0.25N NaHKCO, <0.28 18 (58) 331 3.72 3.91 4.08 4.22
{(0.12-0.27)*
>0.28 13 (42) 3.86 4.17 4.07 4,20 4.09
(0.29-0.47)°
1N HNO, <1.86 9 (29) 3.1l8 3.69 3.96 4.17 4.27
(0.37-1.81)"
>1.86 22 (71) 3.69 4.00 3.99 4.11 4.13
(1.91-3.69)*
Cold K,SO, <0.34 20 (65) 3.49 3.90 4.13 4.36 4.43
{0.10-0.32)!
>0.34 11 (35) J.64 3.93 3.70 3.7 3.68
{0.34-0.69)*
Distilled <(.08 10 (32) 3.24 3.72 3.98 4.23 4.40
water {0.04-0.07)"
>0.08 21 (68) 3.68 4.00 4.00 4.08 4.05
{0.08-0.23)°

-

Figures in parentheses indicate per cent of the total

! Range of K {(me%) in soil

distilled water soluble K respectively since the level of K of
these extractants was rated to be K deficient i.e., below the

critical limit. Maximum crop response was obtained from cold H,SO,
extractable K followed by 0.25N NaHCO, as they covered 65 and 58
per cent of the total soils. On the other hand, soils having

potassium content above the critical limits, the increase of the
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5.00
3 4.50 s =— Below
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L.
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&
] —0O--Above
E critieal
[ lirrat
(=]
2.50 r -
0.00 15.00 30.00 45.00 60.00
K level (mg/kg)
Fig. 4.6. Response of wheat t0 potassium applied in different
level of soll K (below and abave critical limif) extracted by
1N NH/OAc.
5.00
Bas0 | =
s critical
~ Thmit
i"oo J /\
—
€ 3.50 —{0— Above
g critical
E 3.00 timit
2,50 4 : -
0.00 15.00 30.00 45.00 80.00

K level {mg/kg)
Fig. 4.7. Response of wheat to potassium applied in different
level of soil K (below and above crifical imit) extracted by
0.25N NaHCO;
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K {evel (mg/kg)
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2 > eritical
- ;.4 Az
i 4.00 limit
[ . I
e 350
E —O—-Above
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E 3.00 lirmit
250 !
0.00 15.00 30.00 45.00 60.00
K level (mg/kg)
Fig. 4.8. Response of wheat fo potassium applied in different
level of soil K (below and above cniical limit} extracted by
1N HNO:
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S 350 y
E —{O—- Above
> 3.00 critical
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2.50 : : -
0.00 15.00 30.00 45,00 60.00

Fig. 4.9. Response of wheat to potassium applied in different
level of soil K {below and above critical limit) extracted by

cold H,S0,
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5.00 l
S 480 —o0— Below
a 4 critical
3 4.00 — '
>
5 3.50 | —O—- Above
E c_:rit_ical
Z 3.00 ot
250 4 ; ' 7
0.00 15.00 30.00 45,00 60.00
K level {(mg/kg)
Fig. 4.10. Response of wheal to potassium applied in different
level of soil K {below and above critical limit) extracted by
distilled water.

dry matter yield of wheat was marginal, varying from 3.64 to 4.20
g pot? with the application of same amount of potassium in the
soil. Due to marginal increase in dry matter yield, no economic
response was found beyond this level (Table 4.17 and Figures 4.6 to

4.10).

From the present results it can be concluded that wheat plant
would not respond eccnomically to potassium application in these
soils if 1N NH,OAc K, 0.25N NaHCO, K, 1N HNO, K, cold H,SO, K and
distilled water soluble K are remain above 0.13, 0.28 {meq K/100ml
soil), 1.86, 0.34 and 0.08 meg K/100g soil respectively. These

values (critical limits) can be effectively used to separate K
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responsive soils from the non-responsive ones and be of great help
in the development rational K fertilization programme for wheat

cultivation.

4.6.5 Critical 1limit of ©potassium determined from K
concentration in wheat plant

To determine the critical 1limit of potassium from K
concentration in wheat, a scatter graphical method and mathematical
procedure of Cate and Nelson (1965 and 1971) were followed using
the total K concentration of wheat (Ko} for thirty one locations.
The results on K concentration of wheat are presented in Table 4.9.
In the scatter graphical method, plotting of total K (Ko pot)
extracted by 1N HCl was done against the per cent relative yield of
wheat (Figure 4.11). The critical limit of 1N HCl extractable K for
wheat was found to be 4.02% by graphical method (Figure 4.11)
indicating that below this level of K concentration an economic
response of wheat is highly expected. It may assumed from the
present results that wheat plant was non-responsive to K as the per

cent relative dry matter yield was more than 75 (Figure 4.11}.

The critical limit obtained by scatter graphical method was
further tested by mathematical procedure of Cate and Nelson (1971)
to avoid human bias. Using the mathematical procedure, the
calculation of coefficient of determination (R?) and critical limit
for best two population split using the two mean discontinuous

model was done for the K concentration (at Ko pot) and per cent
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Co-efficient of determination

(R?)

and K critical

limit for best two population split using the 2-

mean discontinuous model for wheat plant (1N HC1
extraction) .
Last value of Population 1 Population 2 Poatmlated R! for
K conc. (%) critical postulated
included in Mean Coxrrected Haan Coxrracted limi% between | critical limit
PRPELRELOD 2 relative | sum of relative | sum of valuss Y4
yield squares of | yield acquares of

deviations deviations

from mean from mean

(C55") {Css?)
2.41 66 0 86 409S 2.41 & 2.58B .0901
2.58 67 0.5 87 3703 2.58 & 2.83 1771
2.83 67 0.67 -1 ] 3283 2.83 & 3.16 .2704
3.16 71 201 eg 3259 3.16 & 3.17 .2312
3.3%7 76 671 88 3209 3.17 & 3.50 .137%
3.50 75 1558 90 1684 3.50 & 4.00 .2736
4.00 75 1572 90 1567 4.00 & 4.08 .3025 2/
4.08 79 2208 920 1461 4.08 & 4.16 .1848
4.16 80 2478 89 1418 4.16 & 4.17 .1343
4.17 8l 2628 89 1404 4.17 & 4.25 .1041
4.25 82 2961 B9 1133 4.25 & 4.29 .0903
4.29 B2 2976 S0 997 4.29 & 4.33 <1172
4.33 82 3195 51 738 4.33 & 4.91 .1261
4.91 82 3208 91 712 4.91 & 5.00 -1290
5.00 a3 3385 91 6a8 5.00 & 5.08 . 0950
5.08 84 3611 30 655 5.0 & 5.17 .0521
5.17 84 3688 20 646 5.17 & 5.41 .0370
5.41 84 3813 92 325 5.41 & 5.42 .0806
5.42 84 3930 92 315 5.42 & 5.50 .0568
5.50 84 3559 L Ji s 17 5.50 & 5.58 L1166
5.58 a5 4244 97 13 $.58 & S.75 .0541
5.75 85 4321 99 0 $.75 & 5.83 -0399

1/ R* =TCSS-(CS8S8* + C88?),

4.04 %.

TCSS

TCSS = Total corrected sum
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relative yield of wheat. This two mean discontinuous model provided
a critical limit between 4.00 and 4.08% {(Table 4.18) and as such
4.04% could be considered as the critical K concentration of wheat
plant for thirty one locations. Similar critical K concentration
(3.3 to 4.1%) in wheat plant was observed by Roy et al. (1989)
while Beaton et al. (1985) obtained 6.0%.

The critical K concentration values obtained by following graphical
and mathematical procedures are as follows:

Graphical 4.02%

Mathematical 4.04%

These values could be considered to separate K deficient

plants from the adequate ones.

4.6.6 Efficiency of applied potassium for the dry matter yield
of wheat

In order to test the reliability of critical 1limit, the
efficiency of applied potassium was evaluated considering the level
of K in soil and different extractants. Non-K added pot (Ko)
served as check for comparison. The efficiency of applied potassium
by wheat plant in presence of NPS fertilizers in soils of thirty
one locations under study was compared on the basis of the dry
matter yield increase over the control (Ko) for each mg of applied
K (Table 4.19). It is evident from the results that K application
at the rate of 15 mg K kg™ produced 27.33 to 36.67 mg dry matter

of wheat by each mg of applied K in soils having K values below the
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critical limit. But the soils having K values above the critical
limit, produced low dry matter yield as compared to deficient soils
and ranging from 19.33 to 21.33 mg by each mg of applied K for all

the five K extractants.

Data presented in Table 4.19 revealed that the dry matter
yield decreased with the increase in K levels (30 to 60 mg K kg™)
in soils having K values below and above the critical limit of all
K extractants. This trend of fertilizer K use efficiency was found
similar for all the extractants used in this study. Results showed
that the fertilizer K use efficiency by wheat plant was maximum in
plants of low K soils (soils value below the critical limit) and
minimum in soils that had K values above the critical limit. It is
assumed from the present results the increasing the levels of
applied K resulted in low K utilization and hence, fertilizer K use
efficiency decreased. From this study, it is advisable to apply K
fertilizer to wheat only when the soils value remain below the

critical limit.
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Table 4.19. Efficiency of applied potassium for the dry matter
yield of wheat.

Soil K Level of K Number of K fertilizer use efficiency

extractant in poil eoils res- {mg yield mg k™)
{me %) ponded

K applied (mg K kg'*)
o 15 30 45 60

1N NH,OAc <(.13 8 ~ 36.67 26.33 24.89 22.17
(0.08-0.12)
»>0,13 23 - 20.00 10.33 8.89 6.33
{0.14-0.57)

0.2SN NaHCO, <0.28 18 - 2733 20.00 1711 15:17
{0.12-0.27)
>0.28 13 - 20.67 7.00 7.56 3.83
{0.29-0.47)

1N HNO, <1.86 9 - 34.00 26.00 22.00 18.17
(0.37-2.901)
>1.86 22 - 20.67 10.00 9.33 7.33
(1.91-3.69)

Cold H,S0, <0.34 20 - 27.33 21.33 19.33 15.67
(0.10-0.33)
>0.34 b i i - 19.33 2.00 1.56 0.67
(0.34-0.69)

Dietilled water <0.08 10 - 32.00 24.67 22.00 19.33
(0.04-0.07)
>0.08 21 = 21.33 10.00 8.89 6.17
(0.0B-0.23)
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4.7 Critical limit of potassium in soil and plant and the response
of potato to applied potash in soils of thirty one locations

4.7.1 Effect of K application on the dry matter yield, per cent
relative yield, per cent K concentration in plant and K
uptake of potato

The results of dry matter yield (threshold and plateau yield)
and percent relative yield (dry matter basis) of potato with the
extractable K Values.of all extractants are presented in Table

4.20. Per cent K concentration (Ko} and K uptake (Ko) with the dry

matter yield of potatoc obtained from without and with added

potassium of thirty one locations are presented in Table 2.21.

Table 4.20 indicated that the level of exchangeable as well as
available and water soluble potassium in the soils used in pot
culture experiment as determined by different extractants varied
widely. With the variation in soil fertility, marked variation were
also recorded for the threshold yield {(4.70 to 10.25g pot™) ,
plateau yield (5.97 to 14.21g pot™) and per cent relative yield at
optimum K level (50 to 93%) of potato. It was also observed that
the dry matter yield of potato increased with increasing the level
of K up to 50 to 75 mg XK kg in most of the soils under study
(Table 4.21). The per cent K concentration (Ko) was varied with the
variation of initial soil K fertility in thirty one locations.
The range of K concentration of potato plant at Ko pot was from
3.08 to 11.08%. These results were similar to those findings (<
4.5 to > 7.0%) reported by Chapman (1967). Rao et al. (1989) found

< 2.8 to 12.8% K concentration in the leaf blades and petioles of
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Table 4.20. Quantity of potassium extracted by different
extractants, dry matter yield and per cent relative
yield of potato grown in socils of thirty one
locations.
Loca- Quantity of K (me %) extracted by Dry matter yield
tion {g pot ") Relative
No. yield
1N 0.25N 1N HNO, Cold Distil- Threshold Plateau (¥}
NH,OAc NaHCO, {boiling} H.50, led vield yield
water
1% 0.12 0.23 0.76 0.12 0.07 7.15 5.80 73
2 0.08 0.16 1.81 0.12 0.07 5.40 6.41 84
3. 0.28 0.43 0.84 0.29 0.11 5.60 11.30 50
4. 0.14 0.23 3.10 0.18 0.08 4,70 7.40 64
5. 0.14 0.23 1.99 0.16 0.12 5.60 9.15 61
6. 0.53 0.39 3.28 0.63 0.22 7.87 8.78 50
7. 0.57 0.43 3.69 0.58 0.23 7.43 8.50 87
8. 0.29 0.312 3.08 0.39 0.08 7.47 9.10 82
9. 0.35 0.33 3.49 0.44 0.14 10.25 14.21 72
10 0.14 0.20 3.02 0.22 0.10 7.78 10.00 77
1. 0.14 0.17 2.34 0.24 0.10 7.66 9.81 78
12 0.09 0.12 2.65 0.25 0.05 7.75 9.25 84
13 D.28 0.21 2.52 0.32 0.15 6.39 7.53 85
14. 0.30 0.38 1.91 0.29 0.10 6.29 7.01 90
15. 0.12 0.21 3.55 0.27 0.06 6.22 8.19 76
16 0.19 0.21 3.47 0.27 c.08 6.01 7.63 739
17 0.10 0.15 1.78 0.11 0.05 5.40 7.70 70
18 0.14 0.23 1.66 0.17 0.05 5.27 6.38 83
19. 0.09 0.17 1.01 0.13 0.04 6.30 8.11 78
20. 0.31 0.34 1.23 0.33 0.11 6.90 8.60 80
21. 0.18 0.30 0.45 0.16 0.07 5.56 3.79 57
22. 0.25 0.23 2.89 0.48 0.12 8.59 11.99 72
23. 0.12 0.18 2.77 0.26 0.07 5.02 5.97 84
24. 0.42 0.36 3.55 0.69 0.18 6.40 6.86 93
25 0.18 0.19 2.87 0.37 0.08 6.24 7.31 8s
26. 0.34 0.32 3.14 0.47 0.11 8.13 8.75 93
27. 0.11 0.27 0.37 0.10 0.04 6.28 7.60 83
28, 0.25 0.27 2.95 0.43 0.10 7.30 7.88 93
29. 0.27 0.29 2.99 0.29 0.13 10.08 11.50 88
30. 0.41 0.47 3.02 0.34 0.19 7.19 9.16 79
c 31. 0.36 0.46 3.02 0.54 0.17 7.37 8.62 86
1. Balashahar, 2. Sandhabari, 3. Narhattao, 4, Natun Shahar,
5. Nischintapur, 6. Monoharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13. Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
L 21. Dewashara, 22. Vhanga, 23. Palima, 24. Benarpota,
25. Khazura, 26 . Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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Table 4.21. Effect of K application on the dry matter yield,
per cent relative yield, K concentration and K
uptake of potato.

Loca- Dry matter yield (g pot ') Rela- ¥ K Potasslum uptake {(mg pok ‘')
tion tive Conc.
No. R mpplied img K kg ') J‘ft‘l’ld at Ko K applied (ma ¥ ka')

1] a5 50 75 100 a 25 50 75 100
s 7.15¢ 7.53¢ 8.77b 9.80n 7.7%c 73 5.08 363 477 607 596 Lk}
- 15 5.40b €.148b 6.14ab 5_97ab 6.41a A4 3.7 198 323 322 309 379
- 5.60¢c 5.67¢c 7.40b 7.77b 11.30a 50 6.42 3e0 ia7 542 589 648
4. 4.704 €.30b 7.40a 5.65¢c 5.60c 64 6.25 254 478 568 447 542
S35 5.60cC 7.70b 9.15a 8.00b 8.00b 61 8.67 486 783 968 894 886
6. 7.87a 7.92a B.76a 7.58a 7.70n 90 11.00 866 944 1170 1055 111¢
P 7.43bc e.50a 7.88ab 7.66bc 7.03c a7 B.E6 643 B42 B0l 817 738
8. 7.4%c 7.8%c 8,21ib 9.10a 8.36b 82 7.75 57% 773 766 849 738
9. 10.25b 13.16a 14 .21a 13.50a 14.20a 72 10.00 1025 1513 1658 1761 1799
i0 7.73b B.50b 10.00a 9.90m 9.50a 17 5,17 400 567 708 66D 475
A 7.66b 5.01a %.3% 8_82ab 8.45ab 78 4,58 51 523 540 654 556
12. 7.75e 8.21c 9.25a 7.59d 8.52b a4 7.58 587 728 a83 773 696
= 6.15b 6.77ab 7.53a €.72ab 7.38n as 6.67 426 598 552 538 S41
i4. 6,29 6.55a 7.01a 6.B4a 7.05a S0 10.66 671 726 S4€ BS5 905
15. 6.22b 8.1%a 7.6% 7.82a 7.62n 76 7.42 462 641 763 691 667
16, 6.01¢c 6.33b 7.63a €.84b 6.12c 75 €.67 401 591 763 667 592
17s 5.40b 6.08b 7.18a 7.60a 7.70a 70 5.91 s 410 526 621 635
18. 5.27b 5.99ab 6.13a f.11a 6.38a 81 4.08 215 1as 157 3717 447
19. 6.30c 7.08b 7.16b 7.608b 8.11a 78 6.17 389 466 531 646 764
20, 6.90b 7.13b 8.17a 8.60a B.57a B0 5.50 380 463 578 609 614
21. 5.56a 7.62d4 7.99¢c 9.79n 5.22b 57 8.25 459 806 979 1166 1083
22. B.59c 9.46c 10.00n 10.908d 11.5%a 72 8.16 456 1017 1116 1262 1428
23, 5.02c 5.65b 5.70ab 5.97a 5.66b B4 5.33 268 387 371 413 340
24. 6.40b €.43b 6.52b €.53b &.86ma 93 14,42 667 756 788 795 903
28. 6,24b 7.31a 6.85a 7.1l42 7.26a 85 4.92 an7 488 kR k] 169 is51
26. B.13a B.07m 8.758 B.75a B.36a 93 €.92 563 5€S 766 737 77
27. 6.28bc €.03c 6.1Sc 7.02nb 7.60a 83 J.08 13) 297 i 427 500
29. 7.30ab 7.688a 7.03b 7.32b 7.34ah 83 %75 566 650 562 570 606
25%. 10,08¢ 10.08c 10.30bc 10.66b 11.50m 88 6.50 655 756 773 300 978
30. 7.18¢c B.64ab 9.16n 8.47b 8.17b 79 11.08 797 1044 1152 1228 1144
1. 7.37¢ 7.51b 7.76b 8.62a 8.53a 86 10.58 700 850 886 1020 960

In m column, means followed by a common letter are not signiflcantly differeat ac 5% level.

1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monocharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,

13. Pali, 14, Nazirpur, 15. South Dhanghara, 16. Ranochandi,

17. Lalapur, 168. Jatanpukuria, 18. Daulatpur, 20. Kamorgram,

21. Dewashara, 22. Vhanga, 23. Palima, 24 . Benarpota,

25. Khazura, 26 . Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,

29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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potato plant harvested at 37 days of emergence. Similarly, Roberts
et al. {1985) provided critical K range as 6.5 to 11.00% since the

potato crop harvested at 45 days of emergence.

K uptake of potatc plant (at 42 days of harvesting) increased
with increasing levels of K up to 50 to 75 mg K kg* levels and it
ranged from 193 to 1761 mg pot™ (Table 4.21). The highest K uptake
of potatc plant observed with the highest K application
particularly in soils with low to medium initial K content. This
might be due to differences in K concentration of the plant itself,
which enhance to increase the level of K through addition with
initial available K in soil. This could be contributing factor to

the yield as well as uptake of potato.

4.7.2 K concentration in potato plant and per cent relative
yield

The concentration of K and per cent relative yield of potato
are shown in Table 4.22. The concentration of K in the K control
treatment of potato plant ranged from 3.08 to 11.08% (per cent in
dry matter). The higher K concentration was recorded (= 10.00%) in
Monoharpur, Dadpur, Nazirpur, Benarpota, Nadmollah and West
Jhalakathi. This higher K concentration in potato plant might be
due to higher initial K fertility of the soil. All locations that
contained higher K concentrations were included under the parent
material ganges alluvium except Nazirpur which belonged to Modhupur

clay.
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Dry matter yield, K concentration in plant (1N HCl
extraction)
per cent relative yield of potato.

at different levels of applied K and

Loca- Dry mactex vield {q pot ') K concentration (% in drv matter} Rela-
tion tive
No. K applied {mg K kq *) K applied (mg X kg'') ¥:fld
0 25 50 75 100 ) 25 50 75 100
: 18 7.15 7.53 B.77 9.80 7.79 5.08d 6.33b 6§.92a 6.08c 4.92e g2
2. 5.40 6.14 €.14 5.97 6.41 3.67b 5.25a 5.25a 5.17a 5.92a 84
3 5.60 5.67 7.40 T 11.30 6.42e 6.83d 7.33c 7.58a 7.50b 72
a. 4.70 §.30 7.40 5.65 5.60 6.25e 7.58d 7.67¢ 7.32b 9.67a a4
5. 5.60 7.70 9.15 §.00 8.00 B.67e 10.17d | 10.58¢ | 311.17a | 11.08b | 70
6. 7.87 7.52 8.78 7.58 7.70 11.00e | 21.%2d | 13.33¢c | 13.92b | 14.42a | 102
% 7.43 8.50 7.88 7.66 7.03 B.G6e 3.51a 10.16c | 10.66a 10.50b | 97
B. 7.47 7.67 8.21 9.10 B.36 7.75d4 10.08a | 9.33b $.33b 8.B3c 97
9. 10.25 13,16 14.21 13.90 14.20 10.00d | 11.50c | 11.&7b | 12.67a | 12.67a | 74
10 7.73 8.50 10.0¢0 9.90 9.50 5.17c 6.67b 7.08a 6.67D 5.o04d 77
11 7.66 9.81 9.33 §.82 8.45 4.58e 5.33d 5.75c 7.42a 6.58b 87
12. 7.75 B.21 9.25 7.99 8.52 7.58e 8.83c 9.33b 9.75a 8.17d 87
13, 6.39 6.77 7.53 6.72 7.38 6.67d B.B3a 7.33¢ 8.00b 7.33c¢c 94
14. £.29 €.55 7.01 6.604 7.05 10.66e 11.08d | 13.50a | 12.50¢ 12.83b | 90
15. 6.22 8.19 7.69 7.82 7.62 7.42e 7.83d 9.92a B.B3b 8.75¢ a1
16, §.01 6.33 7.63 6.84 6.12 6.67e 9.334 10.00a 9.75b 9.67¢c 79
: i i 5.40 6.08 7.18 7.60 7.70 5.%1e 6.75d 7.33¢ 8.17b 8.25a 70
18. 5.27 5.99 6.13 6.1 6.38 4.08e 5.42d 5.83¢c 6§.17b 7.00a 83
19. 6.30 7.08 7.16 7.60 B.11 6.17d 6.58d 7.42¢c a.50b 9.42a 78
20, 6.90 7.13 8.17 8.60 8.57 5.50d 6.50¢c 7.08b 7.08b 7.17a Bl
21, 5.56 7.62 7.99 9.79 9.22 8.25e 10.58d | 12.25a 11.91b | 11.75c | 7¢
29 8.59 9.46 10.00 10.90 11,99 8.16e 10.75d | 11.16c 11.58b | 11.31a | 72
23. 5.02 5.65 5.70 5.97 5.66 5.33d 6.50b 6.50b 7.25a 6.00c 84
24. 6.40 6.43 §.52 €.53 6.86 10.42e 11.75d | 12.08c 12.17b | 13,17a | 93
25, 6.24 7.31 6.89 7.14 7.26 4.92d 6.67a $.42b 5.17¢ 4.83e 85
26. 8.13 e.07 8.75 8.75 8.3¢ 6.92e 7.00d 8.75a 8.42¢c a.58b 92
27. €.28 6€.03 6.15 7.02 7.60 3.08e 4.92d 5.25¢ 6.08b 6.58a a3
28, 7.30 7.88 7.03 7.22 7.34 7.75e 8.75a 8.00c 7.90d 8.25b 93
29. 10.08 10.08 10.30 10.66 11.50 6.50c 7.50b 7.50b 7.50b B.50a ea
30. 7.18% 8.64 9.16 e.47 BT 11.08e | 12.08¢ | 12.58¢c | 14.50a | 14.00b | 8BS
31, 2%A7 7.91 7.76 8.62 8.53 10.58d | 11.25¢c | 11.42b | 11.83a | 11.25¢ BS

In a column, means followed by a common letter are not eignificantly different at 5% level.

1. Balashahar,
5. Nischintapur,
9. Dadpur,
13. Pali,

17. Lalapur,
21. Dewashara,
25. Khazura,
29. Patkhali,

2.
6.

10.
i4.
18

22.

26.
30.

Sandhabari, 3. Narhatto, 4. Natun Shahar,
Monocharpur, 7. Dikshail, 8. Ishapur,
Rahmatpur, 11. Shahajadpur, 12. Baira,

Nazirpur, 15. South Dhanghara, 16. Ranochandi,
Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
Vhanga, 23. Palima, 24. Benarpota,
Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
Nadmollah, 31. West Jhalakathi.
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Added K had marked influence on the increase of K
concentration in potato plant. K concentration increased with
increasing the K application up to 50 to 75 mg K kg* level. The
range of K was found to be in between 3.08 to 14.50% for all
treatments of all locations under study. According to Rao et al.
(1989) the K concentration in the petioles of potato plant was <
3.2 to 17.2% when the plant harvested at 37 days of emergence,
while Chapman (1967) and Roberts et al. (1985) reported < 7.0 to

9.0% and 6.5 to 11.0% respectively.

Considering K concentration in potato plant, per cent relative
yield was determined from the corresponding dry matter yield of

potato and it was ranged from 70 to 102% (Table 4.22).

4.7.3 Correlation coefficient between s0il K values of five
extractante and various plant parameters of potato

Correlation coefficient of the so0il K values of five
extractants (1N NHOAc, 0.25N NaHCO,, 1N HNO,, cold H,SO, and
distilled water) with different plant parameters {(threshold yield,
plateau yield, per cent relative yield, per cent K concentration
(Ko} and K uptake at Ko) of potato are presented in Table 4.23.
Results revealed that the threshold yield, per cent relative yield,
per cent K concentration (Ko) and K uptake (Ko) of potato had
significantly positive relationship with all K extractants except
threshold yield and per cent relative yield. These two parameters

of potato did not show any significant relationship but manifested
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positive relationship with 0.25N NaHCO, extractant. Per cent
relative yield of potato showed positive but insignificant
relationship with distilled water scluble K. Panda et al. (1993)
found significant and positive correlation of 1N HNO, extractable
K with the dry matter yield, per cent relative yield and K uptake
of rice. In the present study, similar findings were observed with
the extractable K of 1N HNO,. Kumar et al. (1991) observed
significantly positive correlation of different K extractants
{distilled water, 1N NH,0Ac and 1N HNO,) with per cent relative
yield, per cent K concentration (Ko) and K uptake of wheat. Table
4.23 also indicated that none of the extractants had significant
correlation with the plateau yield of potato. Among all extractants
1N NH,OAc extractable K showed the highest degree of correlation
with the K uptake (Ko} (r= 0.739 **) followed by per cent K
concentration (Ko} (r= 0.709 **) of potato. The correlation
coefficient values of per cent K concentration (Ko) and K uptake
(Ko) of potato with the extractable XK of different extractants was
found in the following order: 1N NH,QAc > distilled water > cold
H,S0, > 0.25N NaHCO; > 1N HNO,. This might be due to the presence of
plenty of exchangeable K in the soil, thus, plants could absorb the
nutrient in a more efficient manner. Islam et al. (1994) suggested
that neutral ammonium acetate extractant is suitable for
exchangeable K determination in soils of Bangladesh because of

significant crop response.
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Table 4.23. Correlation coefficient (r) between soil potassium
values of different extractants with various plant
parameters of potato.

K extractant

Plant parameter

1N NH,OAc | 0.25N 1N HNO, Cold Distilled
NaHCO, {boiling) H.SO, water
Threshold dry 0.431 * 0.247 NS 0.400 * 0.467 *¥ 0.419 *

matter yield (K
control yield)

Plateau dry matter 0.207 NS 0.224 NS 0.056 NS 0.153 NS 0.229 NS
yield (Maximum

yield)

Relative dry 0.337 * 0.07% NS 0.441 ** 0.474 *¥ 0.273 NS
matter yield (%)

K concentration 0.709 %¥ 0.658 ** 0.461 ** 0.666 ** 0.686 *%¥
{¥} at Ko

K uptake at Ko 0.739 *» 0.631 ** 0.528 *x* 0.687 *¥ 0.704 **

ik
NS

Significant at 1% level, * = Significant at 5% level,
Not significant.

From the simple correlation, it could be inferred that the 1N
NH,OAc extractable K was more related to the K uptake (Ko} as
evidenced by higher r values {(r= 0.739 **) followed by per cent K
concentration (Ko) (r= 0.709 #**). Krishnakumari et al. (1989)
reported similar higher degree of correlation of 1N NH,OAC

extractable K with K uptake by wheat plant.
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4,7.4 Critical limit of so0il potassium for potato

The critical 1limits of exchangeable, available and water
soluble K for potato were determined adopting following scatter
diagram technique and mathematical procedures of Cate and Nelson
(1965 and 1971). The scatter diagram technique of Cate and Nelson
(1965} was employed for the determination of critical limits of K
by drawing extractable K of five extractants (1N NH,OAc, 0.25N
NaHCO,, 1N HNO,, cold H,50, and distilled water) versus per cent
relative yield (dry matter basis) of potato (Table 4.20 and Figures
4.12 to 4.16). Using the scatter diagram technique of Cate and
Nelson (1965}, the values of 0.29, 0.24 (meq K/100ml so0il), 0.90,
0.30 and 0.14 meq K/100g soil were found to be the critical limits
of K by 1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,SO, and distilled
water extractants respectively (Table 4.24). A soil was considered
as non-responsive to K where the per cent relative dry matter yield
of potato was more than 85, 85, 75, 84 and 86 for 1N NH,OAc, 0.25N
NaHCO,, 1N HNO,, cold H,80, and distilled water extractions

respectively (Figures 4.12 to 4.16).

The most commonly used scatter diagram technique of Cate and
Nelson (1965) suffers from human bias in drawing partition line
particularly, the one parallel to Y-axis. To overcome the error of
scatter diagram technique, the data were also subjected to analyse
through mathematical procedure of Cate and Nelson (1971) for the

determination of critical 1limits of K. In this procedure,
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coefficient of determination (R?) and critical limit for best two
populaticn split (crop categories I and II) was calculated for the
soils with the same K extractants as used in the scatter diagram
procedure (Tables 4.25 to 4.29). The best two population split in
the mathematical procedure provided a critical limit between 0.28
and 0.29 meq X/100g soil for 1IN NH,O0Ac, 0.23 and 0.27 meq K/100ml
soil for 0.25N NaHCO,, 0.84 and 1.01 meq K/100g soil for 1N HNO,,
0.29 and 0.32 meg K/100g soil for cold H,S0, and 0.14 and 0.15 meq
K/100g soil for distilled water soluble K (Tables 4.25 to 4.29).
Therefore, 0.29, 0.25 (meq K/100ml soil), 0.93, 0.31 and 0.15 meq
K/100g soil can be taken as critical limits as determined by the
mathematical procedure (Table 4.24) for 1N NH,OAc, 0.25N NaHCO,, 1N
HNO,, cold H,80, and distilled water extractants respectively. It
appeared from the results (Table 4.24) that the critical limits
obtained from different K extractants through scatter diagram
technique were fairly close to that of mathematical procedure.
Similar results on critical limit with 1N NH,OAc extractable K was
reported (0.20 meq K/100g soil) for rice by Jones (1982). Portch et
al. (1984) reported 0.20 meq K/100ml as K critical limit of 0.25N
NaHCO, extractant in soil for upland crops, where as Bhuiyan et al.
(1992) found the critical limit of rice as 1.13 meq K/100g soil for

1N HNO,.
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Fig.4.12. Crfical limit determination based on the relationship between exchangeable K (1 N
NH,OAc extraction ) content of soil and relative dry matter yield of potato grown in soils of thirty

one locations.
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Fig. 4.13. Critical imit determination based on the relationship between available K (0.25 N
NaHCO; extraction ) content of soil and relative dry matter yield of potato grown in soils of thirty

one locations.
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Fig.4.14. Critical imit determination based on the relationship between available K {1 N HNOs
exiraction ) content of soil and relative dry matter yield of potato grown in soils of thirty one
localions.
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Fig.4.15. Critical limit determination based on the relationship between available K (cold H:SO,
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Fig.4.18. Critica imit determination based on the relationship between distilled water soluble K
(1:10 soil : water extraction } content of soil and relative dry matter yietd of potato grown in soils
of thirty one locations.
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Table 4.24. Critical 1limit of potassium of five soil
extractants for potato as determined by graphical
and mathematical procedures.

Soil K Methods of determining critical limit of K
extractant
Graphical Mathematical
1N NH,OAC 0.29 (meg K/100g soil) 0.285 (meq K/100g soil).
(=029} .
(0.28-0.29) *
0.25N NaHCO, 0.239 (meqg K/100ml soil) 0.25 (meqg K/100ml soil).
{=0.24) {(0.23-0.27) *
1N HNO, 0.90 (meg K/100g so0il) 0.925 {meq K/100g soil)
(=0.93}.
(0.84-1.01}*
Cold H,S0, 0.30 (meq K/100g soil) 0.305 (meqg K/100g soil}
(=0.31)
(0.29-0.32) *
Distilled water 0.144 {(meqg K/100g soil) 0.145 (meqg K/100g soil)
(=0.14) (=0.15) .

(0.14-0.15) *

* Indicate the range of X critical limit

Based on the critical limits of five K extractants, all soils
were grouped into two categories i.e., below the critical limit and
above it. Results indicated that there was an increasing trend of
response to potassium application for all five K extractants in
soils that remained below the critical limit (Table 4.30 and
Figures 4.17 to 4.21). The dry matter yield of potato ranged from
6.15 to 8.98/ g pot* when potassium fertilizer was applied from 0

to 100 mg K kg levels. On the other hand, for soils containing
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Co-efficient of determination (R?} and K critical
limit for best two population split using the 2-
mean discontinuous model for potato (1N NH,0AcC
extraction).

Last value of Population 1 Population 2 Postulated R? for
exchangeable critical postulated
goil X limic critical limit
included in Mean Corrected Mean Corrected between i/
population 1 relative sum of relative sum of values
yield squares of | yield squares of

deviations deviations

from mean from mean

{C5S?) {Ccss?)
0.08 84 0 79 3252 0.08 & 0.09 0.00706
0.09 82 24 - 3266 0.09 & 0.10 0.007€6
0.10 79 132 79 3183 0.10 & 0.11 0.00012
0.11 80 145 79 3169 0.11 & 0.12 0.00042
0.12 79 218 79 3097 .12 & ©0.14 0.00012
0.14 77 709 81 2445 0.14 & 0.18 0.04868
C.18 77 776 81 2429 0.18 & 0.19 0.03330
0.19 76 1164 83 1807 0.19 & 0.25 0.10388
0.28% 77 1460 83 1587 0.25 & 0.27 0.08096
0.27 77 1580 682 1556 0.27 & 0.28 0.05411
0.28 76 2367 a5 422 0.28 & 0.29 0.15B77 i‘
0.29 77 2397 86 410 0.2% & 0.30 0.15335
0.30 77 2568 85 388 0.30 & 0.31 0.10840
0.31 77 2575 86 359 0.31 & 0.34 0.11504
0.34 78 2811 B85 298 .34 & 0.35 0.06226
0.35 78 2845 87 110 0.35 & 0.36 0.10871
0.36 78 2911 87 109 0.36 & 0.41 0.08910
0.41 78 2912 90 by 0.41 & 0.42 0,11625
0.42 79 3127 89 5 0.42 & 0.53 0.05532
0.53 79 3253 A7 ¢ 0.53 & 0.57 0.01882

1/ R* =TCS8S8- (C88' + CSS?), TCSS = Total corrected sum of squares
TCSS

2/ Critical limit lies between 0.28 and 0.29 with an average of
0.285 meq K/100g soil.
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Co-efficient of determination
limit for best two population split using the 2-
(0.25N NaHCO,

(R?)

mean discontinuous model for potato

extraction) .

and K critical

Last value of Population 1 Population 2 Postulated R? for
available soil Critidmal limit postulated
goéﬁiitgzz in Mean Corrected Mean Corrected batiien: valuss izitical tialt
relative sum of relative sum of
yield gquares of yield squaree of

deviations deviations

from mean from mean

{css') {C557)
0.12 84 0 79 3292 0.12 & 0.15 0.00706
0.15 77 928 79 3207 0.15 & 0,16 0.00314
0.16 79 131 79 3185 0.16 & 0.17 0.000317
¢.17 79 133 79 3le2 0.17 & ©.18 0.00012
0.18 80 155 79 3159 0.18 & 0.19 0.00042
0.19 80 180 75 3123 0.19 & 0.20 0.00374
0.20 80 1%0 73 311% 0.20 & 0.221 0.00153
0.21 0o 232 79 3073 0.21 & 0.23 0.00314
0.23 77 833 82 2328 0.23 & 0.27 0.04657_2/7
0.27 78 1096 81 2181 0.27 & 0.29 0.01158
0.29 79 1185 80 2121 0.29 & 0.3¢0 0.00284
0.30 78 1636 82 1548 0.30 & 0.31 0.01963
0.31 78 1654 B2 1548 0.31 & 0.32 0.03420
0.32 79 1871 81 1414 0.32 & 0.33 0.00517
0.33 7B 1913 82 1327 0.33 & 0.34 0.02274
0.34 18 1916 82 1323 0.34 & 0.36 0.02304
0.36 79 2121 80 1185 0.36 & 0.38 0.002384
0.318 79 2238 7B 1073 0.38 & 0.39 0.00133
0.39 80 2347 76 90s 0.39 & 0.43 0.01912
0.43 79 3268 83 25 0.43 & 0.46 0.00€676
0.46 79 3315 79 0 0.46 & 0.47 ¢.00012

1/ R? =TCSS-{CSS* +« CS6%),

TCSS

TCSS = Total corrected sum of squares

2/ Critical limit lies between 0.23 and 0.27 with an average of 0.25 meqg K/100ml poil.
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Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-
mean discontinuous wmwodel for potato (1N HNO,
extraction) .

Last valua of Population 1 Population 2 Postulated R for
available soil K criticai iamac po!tulaten
;ﬁﬁﬁi‘;m‘,“l Mean Corrected sum Maan Corrected aum DOCMeSIEVARLAK f:ﬁtcﬁ
Han T | evieee T | Aai™ deviacions
from mean from mean
(CS5'} {CSS*)

0.37 83 0 79 3301 0.37 kK 0.45 0.00434
0.45 70 338 a0 2795 0.45 & 0.76 0,05502
0.76 71 344 B0 2747 0.76 & 0,84 0.06768
0.84 &6 §75 Bl 1807 C.84 & 1.01 0.25137 3‘
1,01 68 795 a1 1796 1.01 & 1.23 0.21950
1.23 70 911 81 1734 3.23 & 1.66 G,18411
1.66 72 1052 81 1791 1.66 & 1.78 0.1424%
1.78 72 1056 az 1657 1,7¢ & 1.61 0.1817¢
1.81 73 1169 a2 1652 1.81 & 1.51 0.14309
1,91 75 1446 B1 1581 1.91 & 1.9%9 0,08699
1.9 74 1619 B2 1147 1.9% & 2.34 0,16571
2.34 74 1637 a3 1127 2.34 & 2.52 0.16631
2.52 75 1750 B2 1120 2.52 k& 2.65 0.313434
2.65 T8 lez2s 82 1118 2,65 & 2.77 0.11112
2.77 76 18%8 82 1115 2.77 & 2.87 0.05121
2.87 77 1974 82 1107 2.87 & 2.89 ¢.07070
2.89 76 1994 B3 998 2,87 & 2.95 0.09755
2.95 77 2257 a2 @86 2.95 & 2.99 0.05200
2.9% 78 2367 az a47 2.99 & 3.02 0.03059
3.02 78 2433 B2 800 3.02 & 3.08 0.02485
3.o08 78 2447 az 8O0 3,08 & 3.10 0,02063
3.10 78 2645 [:L ] 433 J.10 & 3.14 0.06980
1.14 78 2668 Bl 351 J.14 & 1,38 0.02908
3.28 7% 2988 Bl 289 J.3) & 3,47 0,00857
1.47 78 29%8 82 282 31.47 & 3,45 0.01068
3.49 73 3043 B5 149 3.49 & 3.55 0.03732
3.55 79 253 87 0 3.55 & 3,69 0.01882

1/ R? =TCSS-{CSS* + CSS?), TCSS = Total corrected sum of squares

TCSS

2/ Critical limit lies between 0.84 and 1.0l1 with an average of
0.925 meq K/100g soil.
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Table 4.28. Co-efficient of determination (R?}) and X critical
limit for best two population split using the 2-
mean discontinuous model for potato (cold H,SO,
extraction).

Last value of Population 1 Population 2 Postulated R? for
available critical postulated
soil K limit between critical limit
included in Mean Corrected Mean Corrected values 1/
population 1 relative sum of relative aum of
yield squares of | yield squares of

deviations deviations

from mean from mean

(CSS*) {Css?)
0.10 83 (o} 79 3301 0.10 & 0.11 0.00434
0.11 77 8s 79 3215 0.11 & 0.12 0.0DD465
0.12 78 149 79 3153 0.12 & 0.313 0.00404
0.13 78 149 80 3150 0.13 & 0.16 0.00495
0.16 72 651 B1 2229 0.16 &« 0.17 0.13133
0.17 74 752 81 2225 0.17 & 0.18 0.10207
0.18 73 834 82 1917 0.18 & 0,22 0.17024
0.22 73 852 82 1891 0.22 & 0.24 0.17265
0.24 73 a7s a2 1873 0.24 & 0.25 0.17124
0.25 74 977 A2 1870 0.25 & D.26 ¢.14128
0.26 75 1063 : ] 1867 0.26 & 0.27 0.1162%5
0.27 75 1078 83 1812 0.27 & 0,23 0.12831
0.29% 76 2095 84 625 0.29 & 0.32 0.17953 z‘
0.32 76 2180 84 625 0.32 & 0.33 0.15395
0.33 76 2195 85 604 0.33 & D0.34 ¢.15576
0.34 76 2203 85 568 0.34 & 0.37 0.16420
0.37 77 2274 as 568 0.37 & 0.39 0.14279
0.39 77 2301 86 556 0.39 & 0.43 0.13826
0.43 78 2548 85 495 0.43 & 0.44 0.08216
0.44 77 2578 87 307 0.44 & 0.47 ¢.128982
0.47 78 2812 86 261 0.47 & 0.48 0.07311
0.48 78 2847 es 3Q 0.48 & 0.54 0.13223
0.54 78 2912 90 18 0.54 & 0.58 0.11625
0.58 78 2983 92 5 0.58 & 0.63 0.09694
Q.63 79 3119 83 0 0.63 & 0.69 0.05924

1/ R?* =TCSS- (CSS* + ¢88?), TCSS = Total corrected sum of squares
TCSS
2/ Critical limit lies between 0.29 and 0.32 with an average of
0.305 meqg K /100g soil.
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Co-efficient of determination
limit for best twoc population split using the 2-
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(R?)

and K critical

mean discontinuous model for potato (distilled
water extraction).

Last value of Population 1 Population 2 Postulated R? for
distilled critical postulated
water soluble limit between critical limit
K igciggggon Mean Corrected Mean Corrected valves L
AR ROP relative gum of relative gum of
1 yleld squares of yield squares of

deviations deviations

from mean from mean

(css') (css™)
0.04 81 13 79 3299 0.04 & 0.05 .00103
0.05 80 137 9 3177 0.05 & 0.06 00042
0.06 79 148 79 3167 0.06 & 0.07 .00012
0.07 77 686 80 2569 0.07 & 0.08 .01822
¢.a8 77 947 81 2272 0.08 & 0.10 .02908
0.10 79 1310 80 2001 0.10 & 0.11 .00133
9,31 77 2619 84 458 0.11 &= 0.12 .07191
0.12 T 2648 a5 308 0.12 & 0.13 .10840
0.13 78 2759 85 298 0.13 & 0.14 .07794
0.14 77 2790 a7 113 ¢.14 & 0.15 .12439 2/
0.5 78 2845 87 110 .15 & d.17 .10871
Q.17 78 2911 87 109 0.17 & 0.18 .08910
0.18 79 3127 85 65 0.18 & 0.19 .03722
0.19 79 3127 8S 5 0.19 & 0,22 .05532
0.22 79 3253 87 0 0.22 & 0.23 .01B882

1/ R® =TCSS-(CSS! + Css8?%), TCSS8 = Total corrected sum of squares

TCSS

0.145 meq K/100g soil.
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potassium above the critical limits, the increase of the dry matter
yield of potato was beneficial and ranged from 6.92 to 8.83g pot™
with the application of same of amount of potassium fertilizer. The
present results also indicated that no economic response was
observed beyond this level due to beneficial increase in dry matter
yield of potato (Table 4.30 and Figures 4.17 to 4.21). Considering
the critical limits, 68, 35, 13, 58 and 77 per cent soils of the
total (thirty one) were rated as K deficient i.e., below the
critical limit and remaining 32, 65, 87, 42 and 23 per cent soils
fell above the critical limits for 1N NH,OAc, 0.25N NaHCO,, 1N HNO,,
cold H,80, and distilled water extractants respectively (Table
4.30). Among all K extraction methods, the highest crop response
was recorded from distilled water (77%) followed by 1N NH,OAc (68%)

and cold H,80, (58%) extractable K.

From this study, it could be concluded that potato plant would
respond to K application economically in these soils if 1N NH,OAc,
0.25N NaHCO,, 1N HNO,, cold H,S0, and distilled water soluble K are
below the critical 1limits determined both by graphical and
mathematical procedures. Therefore, the values of critical limits
can be judiciously used to separate K responsive soils from the
non-response ones and be helpful to make fertilizer recommendation
for potato. Potash should be applied in fields where the values of
K of all extractants are lower than the critical limit and the
application rate should be decreased on the soil where K remain

above the critical limit of nutrient potassium.
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Table 4.30. Response of potato to potassium applied in
different level of soil K (below and above the
critical limit) determined by using five
extractants.

Seil K Level of K in Number of Average dry matter yield
extractant goll (me %) soils (g pot %)
responded
K applied (mg K kg %)
0 25 50 75 100
1N NH,OAcC <0.29 21 (68)" 6.49 7-35 7.85 7.87 8.07
{0.08-0.28)"
>0.29 10 (32) 7.53 8.20 8.65 8.61 B.48
{0.29-0.57)?
0.25N NaHCO, | <0.23 11 (35) 6.37 7.28 7.69 7.49 7.52
{0.12-0.21)%
»0.23 20 (65) 7.07 7.81 8.34 8.45 8.58
{(0.23-0.47)1
1N HNO, <0.90 4 (13) 6.15 6.71 7.58 8.60 8.98
(0.37-0.84)*
>0.90 27 (87) 6.92 7.78 8.19 8.04 8.09
(1.01-3.69)*
Cold H,SO, <0.30 18 {58) 6.33 7.19 7.80 7.79 7.92
{0.10-0.29)?
>0.30 13 {42) 7.50 8.22 8.53 8.55 8.60
{0.32-0.69)°
Distilled <0.14 24 (77) 6.61 7.37 7.90 7.99 8.10
water {0.08-0,13)*
»0.14 7 (23) 7.56 8.48 8.83 8.50 8.55
(0.14-0.23)*
Figures in parentheses indicate percent of the total

* Range of K

(me %)

in soil.
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Fig. 4.18. Response of potato to potassium applied in different
level of soil K (below and above cntfical limit) extracted by
0.25N NaHCO,

9.00
5 8.50 ————— ) —=—Below
5 ' critical
b 8.00 limit
o
L 7.50
&
B 7.00 —O— Above
§ critical
& 6.50 limnt
6.00 v t
0.00 25.00 50.00 75.00 100.00
K level {mg/kg)
Fig. 4.17. Response of potato to potassium applied in different
level of soil K (below and above crifical {imit) extracted by 1M
NH4OAc.
9.00 ’JI
% 8.50 e L | —&—Below
o critical
o 8.00 limit
% 7.50 - ik L
@
E 7.00 —{— Above
> critical
a 6.50 lirmit
6.00 . .
0.00 25.00 50.00 75.00 100.00
K level {mg/kg)
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10.00
g 9.50 —=— Below
mical
§ s -
T B850
<n -
> 8.00 D3
£ 750 ~0—Above
E 7.00 e
E- I
o 8§50
6.00 ¥ : . -
0.00 25.00 50.00 75.00 100.00
K level (mg/kg)
Fig. 4.19. Response of potato to potassium applied in different
level of soil K (below and above critical limit) extracted by
1N HNO3
9.00 JL
T 850 | o— —=— Below
a ot
B critical
= "
E' 7.50
[
§ 7.00 —O— Above
> critical
5 650 fimit
6.00 - :
0.00 25.00 50.00 75.00 100.00

K level (mg/kg)
Fig. 4.20. Response of potato to potassium applied in different
level of soil K (below and above critical limit) extracted by
cold H;S0;,.
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8.00
Z 850 "“""""\\c_'_‘l‘ —e—Below
% ) critical
< o limit
o 8.00
[
> 750"
] ——= Above
E7°° critical
? lirnit
& 650
6.00 : .
0.00 25.00 50.00 75.00 100.00
K tevel (mg/kg}
Fig. 4.21. Response of potalo to potassium applied in different
level of soil K (below and above criical imit) extracted by
distilled water.
4.7.5 Critical limit of potassium determined from K

concentration in potato plant

For estimating the critical K concentration in potato plant,
extractable K content (1N HCl as extractant) and per cent relative
yield of potato were subjected to analyse through graphical and
mathematical procedures of Cate and Nelson (1965 and 1971). The
values of 6.40 and 6.46% were found to be the critical K
concentration in potato plant for graphical (Figure 4.22) and

mathematical procedures (Table 4.31) respectively.
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The present results led to assume that potato plant could be
considered as non-responsive to K when the per cent relative dry
matter yield was more than 87 {(Figure 4.22). Results indicated that
the critical K concentration obtained from the graphical method was
nearly close to that of mathematical procedure. Sharma {1991)
determined 7.01 and 7.60% as the critical K concentration for mid
stage potato plant for the mathematical and graphical methods
respectively, while Roberts et al. (1985) reported 5.7 to 6.0% as
critical nutrient range of potato plant (vegetative to
tuberization). Chapman (1967) compiled the data on per cent
potassium content in potato and found < 7.0% as low K status in the
potato plant. On the other hand, Rao et al. {1989) worked cut 3.2
to 9.6% as the range of critical K concentration in the petioles of
potato plants. It may be concluded that the c¢ritical values of
plant tissue K concentration of potato could distinguish the K
deficient plants from the other adequate ones. As such an economic
response 1is highly expected below these levels of c¢ritical K

concentration of potato.

4.7.6 Efficiency of applied potassium for the dry matter yield
of potato

The efficiency of applied potassium by potato plant in

presence of NPS fertilizers for soils of thirty one locations was

quantified on the basis of the dry matter yield increase over the

control (Ko) for each mg of applied K in order to test the
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Fig.4.22. Cntical limit determination based on the relationship between total K (1 N HCI extraction

j concentration in plant 8 relative dry matter yield of potato grown in solis of thirty one locations.

137



Dhaka University Institutional Repository

Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-

Table 4.31

6.46%.

138

mean discontinuous model for potato plant (1N HCl
extraction) .
Last value of Population 1 Population 2 Postulated R for
K conc. (%) critical pustulaced
included in Mean Cortected MaAn Corcactad limit between | critical limit
BopLiecion 1 relative | sum of relative | sum of FATHRS il
yield aquares of | yield squares of
deviationsa deviations
from mean from mean
{Css') {CSS?)
3.08 83 a a4 2329 1.08 & 3.67 .000S1
3.67 g4 0.5 84 2329 31.67 & 4.08 .0C029
4.08 a3 0.66 8¢ 2327 4.08 & 4.58 .00108
4.58 84 11.00 84 2319 4.5 & 4,92 .00008
4.92 84 11.00 84 2319 4.92 & 5.08 .00008
5.08 B84 16.00 B84 2314 5.08 & 5.17 .000086
5.1% 83 58.00 85 2260 5.4%7 &5.33 .00523
5.33 83 59.00 85 2260 5.33 & 5.50 .00480
5.50 83 63.00 85 2247 5.50 & 5.91 .0oBes
5.91 82 212.00 B85 2021 5.91 & 6.17 .04171
6.17 8l 224.00 86 1964 6.17 & 6.25 .06102
6.25 B2 231.00 86 1961 6.25 & 6.42 -05930
6.42 81 314.00 a7 1758 6.42 & 6.50 .1108¢0 2/
6.50 81 363.00 87 1756 §.50 & 6.67 .G9063
6.67 B2 523.00 a7 1644 6.67 & 6.92 .07003
6.92 83 €18.00 a6 1612 6.92 & 7.42 .04299
7.42 82 620.00 87 1583 7.42 & 7.58 .05458
7.58 a3 821.00 86 1465 7.58 & 7.75 -0189¢6
TS5 a4 1081.00 B84 1248 7.75 & A.16 .00051
8.16 84 1226 .00 aS 1093 8.16 & B8.25 .00480
8.25 83 1407.00 87 836 B8.25 & B.66 .03741
8.66 84 1551.00 86 722 B8.66 & B.67 00737
B.67 83 1772.00 a8 439 B.67 & 10.00 .05115
10.00 83 1853.00 91 198 10.00 & 10.42 «11071
10.42 a3 1953.00 91 193 10.42 & 10.58 .07904
10.58 a3 1956.00 92 153 10.85 & 10.66 .09492
10.66 84 1553.00 94 145 10.66 & 11,00 .07990
11.00 84 2325.00 85 ¢ 11.00 & 11.08 .00051
1/ R? =TCSS- (CSS! + €S8?), TCSS = Total corrected sum of squares
TCSS
2/ Critical limit lies between 6.42 and 6.50 with an average of
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reliability of critical limits. The results of the efficiency of
applied potassium on potato are presented in Table 4.32. It is
appeared from the data that application of potassium @ 25mg K Kg*
produced 22.40 to 36.40mg dry matter of potato by each mg of
applied K in soils having potassium values below the critical limit
but the scils contained K above the critical limit, gave low dry
matter yield as compared to K deficient soils. These values ranged
from 26.80 to 36.80mg dry matter by each mg of applied K for all

five K extractants.

Results also revealed that the dry matter yield of potato
decreased with increasing the K levels (50 to 100 mg K kg™) in
soils of both categories (below and above the critical limits).
This trend of K use efficiency was equally applicable for K values
of all extractants under the study except 1IN HNO, extractable K
for deficient soils. In K deficient soils the dry matter yield
increased up to 75mg K kg!, this might be due to sufficiency of 1N
HNO, extractable K in soils having K values below the critical
limit. K use efficiency by potato plant was found highest in plants
of K deficient soils (soils K below the critical limit) and lowest

in soils-whose K values remained above the critical limit.
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Table 4.32. Efficiency of applied K for the dry matter yield
of potato.
Soil X Level of K Number of K fertilizer use efficiency
extractant in scil (me soxls {mg yield mg k* }
k) regponded
K applied (mg K kg™ }
0 25 50 75 100
1N NH,OAc <C0.29 29 = 34 .40 27.20 1B.40 15.80
{0.08-0.28)
>0.29 10 = 26.80 22.40 14.40 9.50
(0.29-0.57)
0.25N NaHCO, <0.23 11 = 36.40 26.40 14.93 11.50
{0.12-0.21)
>0.23 20 - 29.60 25.40 18.40 15.10
{0.23-0.47)
1N HNO, <0.90 4 - 22.40 2B.60 32.67 28.30
(0.37-0.84)
>0.90 27 - 34.40 25.40 14.93 11.70
{1.01-3.69)
Cold H,S0, <0.30 18 - 34.40 29.40 19.47 15.90
{0.10-0.29)
>0.30 13 - 28.80 20.60 14.00 11.00
(0.32-0.69)
Distilled <0.14 24 - 30.40 25.8B0 18.40 14.90
water (0.04-0.13)
>0.14 7 - 36.80 25.40 12.53 9.90
(0.14-0.23)

The utilization of K by potato plant was low when the level of
applied K increasing and thereby decreased the fertilizer K use
efficiency. Hence, it is advisable to apply K fertilizer to potato

plant only when the soils value remain below the critical limit.
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4.8 Critical limit of potassium in soil and plant and the response
of groundnut to applied potash in soils of twenty nine
locations

4.8.1 Effect of K application on the dry matter yield, per cent
relative yield, per cent K concentration in plant and K
uptake of groundnut

The estimated dry matter yield (threshcold and plateau yield)
and per cent relative yield of groundnut along with K values of
five extractants are presented in Table 4.33. The per cent relative
yvield of groundnut at optimum K level for twenty nine soils showed
wide variation ranging from 67 to 97% due to marked variation
observed in soil potassium fertility. Similar wide wvariation in
yield was also recorded for threshold and plateau vyield of
groundnut which ranged from 6.83 to 24.83g pot™® and 8.47 to 27.60g
pot* respectively. It is observed from the Table 4.34 that
application of potassium increased dry matter yield of groundnut
with increasing the level of K up to 30 to 45mg K kg™ application

in most of the soils under study.

The present results revealed that initial so0il potassium
fertility as well as added potassium had marked influence on the
per cent K concentration (at Ko} of groundnut plant acrogs all
locations. The per cent K concentration obtained from K control pot

ranged from 0.79 to 5.41% (Table 4.34).
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Table. 4.33. Quantity of potassium extracted by different
extractants, dry matter yield and per cent relative
yield of groundnut grown in scils of twenty nine
locations.

Quantity of K {me %) extracted by Dry matter yield
Loca- {g pot-"1) Relative
tion yleld
No. 1N 0.25N 1N HNO, cold Distil- | Threshold [ Plateau (%)
NH,OAC NaHCO, {boiling) H,80, led yield yield
water
1. 0.12 0.23 0.76 0.12 0.07 10.53 13.20 80
2. 0.08 0.16 1.81 0.12 0.07 10.54 14.52 73
3, 0.28 0.43 0.84 0.29 0.11 8.70 9.91 B8
4. 0.14 0.23 3.10 0.18 0.08 731 8.47 8&
5. 0.14 0.23 1.99 0.16 0.11 11.10 15.63 71
6. 0.53 0.39 3.28 0.63 0.22 20.93 23.73 88
7 0.57 0.43 3.69 0.58 0.23 24.83 26.47 94
a, - - - - - - - -
9, 0.35 0.33 3.49 0.44 0.14 21.03 27.60 76
10 0.14 0.20 3.02 0.22 €.10 18.67 21.13 a8
[ 8 0.14 0.17 2.34 0.24 0.10 16.53 17.07 97
12, 0.09 0.12 2.65 0.25 0.05 20.50 24.70 a3
13. 0.28 0.21 2.52 0.32 0.15 19.80 23.00 86
14. 0.30 0.38 1.91 0.25 0.10 18.93 21.25 89
15. - - - - - - - -
16. 0.19 0.21 3.47 0.27 0.a8 18.70 21.87 86
a7. 0.10 0.15 1.78 0.11 0.05 9.00 11.92 76
« 18 0.14 0.23 1.66 0.17 0.05 7.95 10.78 74
b 19. 0.09 0.17 1.01 0.13 0.04 17.87 21.90 82
20. 0.31 0.34 1.23 0.33 0.1 12.70 15.30 83
21 0.19 0.30 0.45 0.16 0.07 14.01 18.32 76
22 0.25 0.23 2.89 0.48 0.12 15.39 16.00 96
23. 0.12 0.18 273 0.26 0.07 14.98 18.78 80
24. 0.42 0.36 3.55 0.69 0.18 14.85 17.48 85
e 25 0.18 0.19 2.87 0.37 0.08 14.66 17.32 as
26. 0.34 0.32 3.14 0.47 0.11 11.01 14.17 78
27 0.11 0.27 0.37 0.10 0.04 12.76 15.40 83
. 28 0.25 0.27 2.95 0.43 0.10 6.83 10.23 67
29, 0.27 0.29 2.99 0.29 0.13 13.33 14.57 92
30, 0.41 0.47 3.02 0.34 0.19 13.66 14,07 97
31. 0.36 0.46 3.02 0.54 0.17 11.90 13.22 90
Balaghahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
Nischintapur, 6. Moncharpur, 7. Dikshail, 8. Ishapur,
Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Batira,
Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
Dewashara, 22. Vhanga, 23. Palima, 24 . Benarpota,
Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
Patkhali, 30. Nadmellah, 31. West Jhalakathi.
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Ef feZl SF R "SPETYELEI®h on the dry matter yield,

per cent relative yield, K concentration and K

Table 4.34.

uptake of groundnut.

Loca- pPry matter yvisld (q pot %) Rala- ¥ K Foragsium uprake (ma vot ')
cion kive Cone.
No. K applied (mq K kq ) {%71“ at Ko X applied {ma K ka')
0 15 o 45 60 0 15 a0 45 60
1= 10.53c 11.73b 11.80b 13.20a 10.13¢c BO 1.41 14¢ 235 285 417 295
P 15 10.54¢ 11.86b 12,.568b 14.52a 13.61m 73 1.50 15¢ 267 293 i63 isa
3. 8.70c 9.9in 8_94bc 9_10abc 9.75ab (1] 3.32 290 lea 380 iB7 422
4. 7.31¢ 7.72bc 8.47n 8.05ab 7.23c 86 4.08 152 193 Jle 282 247
S. 11.10c¢ 12.93b 15.63a 12.27b 13.00b 71 J.oe 342 485 572 573 476
6. 20.83¢ 23.7%a 42,27 a0.80c 22.53mb 88 1.33 270 572 759 501 507
- 24.83b 26.47a 24.57b 22.680c 25.73ab 94 125 310 435 408 7315 Baa
8. - - - - - - - - - - - -
9. 21.034 23.07c 24.93b 47 .60n 23.80c 76 2.75 578 768 873 919 733
10 18_.867b¢ 21 ,13m 19.07b 18_80bc 17.4%c 88 2.20 411 545 587 547 524
11. 16_53ab 16.085a 17.07a 15.80b 14.97c 97 1.28 207 a24 411 329 274
12. 20.50c 22 .40b 23.40b 24 .70a 23.33b B3 1,00 205 280 sy 2087 292
13. 19.80¢ 21.07b 23.00a 21,22b 1%,2%c 86 2.08 412 560 631 531 472
14- 18.93c 1%9.97b 41.25a 18.368c 18.27%¢c 1] 2.66 504 615 737 650 623
15. - - - - - - - - - - - -
i6. 18.70b 19.13b 21.87a 16.80b 8.19b BE 2.41 451 509 &§74 453 455
1T 9.00c 10.24b 11.92a 8.%92c 5.77b 76 1.25 11 187 198 134 imn
18. 7.95¢ 9.46b 9.92ab 10.78a 10.63ab 74 0.79 &3 118 i07 162 178
19. 17.87c 19.63b 19.73b 21.90a 20.43b 82 1.25 223 277 296 kK] 306
20 12.7Cc 15.30a 14.0%b 13.77b¢ 14.02b el 1.91 243 471 410 344 382
21, 14.01c 15.48b 15.60b 18.32n 16.2%b 76 1.00 140 194 195 304 270
22. 15.3%b 16.00a 14.57¢c 14.706c 13.16d 96 2.00 320 506 497 400 416
23. 14.9%98c 16.12bc 18.78a 16 .48b 17.00b 8o 2.08 312 403 438 412 419
24. 14 .85c 15.33bc 17.4Ba 16.21b 14.9%4c A5 3.83 563 587 . 699 (21} 572
25. 14.6€6b 15.24b 15.11b 16_86a 17.32a -1 2.00 293 329 277 266 37
26. 11.01c 12.32b 12.62b 12.54b 14.17a 78 4.41 486 585 513 564 664
27. 12.76c 12.07¢ 15.40a 14.76ab 14.22b 83 1.00 128 140 231 196 201
28. 6.83c 8.12n 9.06b 10,23a 8.76b 67 3.1 227 2958 332 is2 270
292 13.33b 13.5%ab 13.80ab 14.57a 13.S5ab 92 2.08 227 328 345 3es 339
3o, 13.668b 14.07a 13.1%ab 12.56b 13.40ab 57 4.91 671 832 747 648 748
. 11.50k 14.38akb 13.22a 13.1Sb 11,66b S0 541 644 784 B47 891 831
In a column, means followed by a common letter are not
significantly different at 5% level.
1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monoharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13, Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
21. Dewashara, 22. Vhanga, 23. Palima, 24 . Benarpota,
25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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Similar findings on per cent K concentration of groundnut were
reported by Chapman (1967) and Rao et al. (1989). The results of
potassium uptake by groundnut plant indicated that the uptake
increased with increasing level of added potassium and ranged from
63 to 919 mg pot™. The trend of K uptake was found higher within

30 to 45 mg K kg! application.

4.8.2 K concentration in groundnut plant and per cent relative
yield

The concentration of K in groundnut plants and per cent
relative yield are presented in Table 4.35. K concentration in
groundnut plants at K control pot varied (0.79 to 5.41%) widely due
to wide wvariation of soil K fertility, which affected the dry
matter yield. Both the parameters such as dry matter yield and K
concentration in groundnut plants were influenced by added K and
initial K of the soil. On the basis of the dry matter vyield
obtained from all treatments, the K concentration in groundnut
plants for the soils of all locations varied and it was ranging
from 0.79 to 7.33%. Chapman (1967) and Rao et al. (1989) reported
the range of K < 1.30 to > 1.3 and < 1.3 to 3.5% respectively in

the petiole of groundnut, which was harvested at 40 days of sowing.
Per cent relative yield was calculated considering the K

concentration and corresponding dry matter yield of groundnut and

was varied from 67 to 98% (Table 4.35).
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Table 4.35. Dry w4¥gdjrerspiiyiongRepesii®ent ration in plant (1N HC1
extraction) at different levels of applied K and
per cent relative yield of groundnut.

Loca- Dry macter vield (g pot ') K concentration (¥ in dry matter) Rela-
tion tive
No. K applied (mg K kg "} K applied (mg ¥ ka™} ¥i$1d
0 15 30 45 &0 0 15 30 45 60
s 15 1¢.53 11.13 11.80 13.20 10.13 1.41e 2.00d 2.50c 3.1l6a 2.91b -]
2. 10.54 11.84& 12.58 14.52 13.61 1.50e 2.254d 2.33c 2.50b 2.663a 77
3. 8.70 9.91 8.9%4 9.10 2.75 3.32d 3.83c 4.25b 4.25b 4.33a 89
4. T3 7.72 8.47 B.0S 7.23 2.08e 2.50d 3.75a 3.50b 3.41c 86
S. 11.10 12.93 15.63 12.27 13.00 3.08b 3.75b 3.66ab 4 .66a 3.66ab 90
€. 20.923 23.73 22.27 20.80 22.53 1.334 2.41b 3.41a 2.41b 2.25c 94
. 24 .83 26.47 24.57 22.60 25.73 1.25d 1.66c 1.66c¢C 3.25b 3.28a 87
B. - = - = = - - ~ = ~ -
9. 21.03 23.07 24.93 27,60 23.80 2.75d 3,33b 3.50a 3.33b 3.08c &4
10 168.867 21.13 1%.07 18.80 17.47 2.20e 2.58d 3.08a 2.91c 3.00b 58
11. 16.53 16.85 17.07? 15.80 14.97 1.25e 1,334 2.41a 2.08b 1.83c 7
12. 20.50 22 .40 23.40 24.70 23.33 1.00d 1.25b 1.50a 1.16c 1.25b 1]
13. 15.40 21.07 23.00 21.22 19.27 2.08e 2.66b 2.75a 2.50c 2.454 86
14. 18.83 19.97 21.25 18.38 18.27 2.66e 3,08d 1.75a 3.58b 3.41c 89
as. - - - = = - - = = - -
16. 18.70 19.12 21.87 18.80 8.19 2.414 2,66b 3.08a 2.41d 2.50c 86
17, 9.00 10.24 11.92 8.9%2 9.77 1.25e 1.83a 1.66¢C 1.50d 1.75b 88
I8 7995 9.46 9.52 10.7B 10.63 0.7%e 1.25c 1.088 1.50¢hb 1.66a 75
19, 17.87 19.63 19533 21,90 20.43 1.254 1.41c¢c 1.50b 1.75a 1.50b B2
20, 12.70 15.30 14.09 13.%7 14.02 1.91e 3.0Ba 2.91b 2.504 2.58¢c 83
21. 14.01 15.48 15.60 18.32 16.29 1.00c 1.25b 1.25b 1.66a 1.68a 76
22. 15.39 16.00 14.57 14.7B 13.16 2.08c 3.66ka 3.41adb 3.25ab 3.16ab 13
23, 14.98 16.12 18.78 16.44 17.00 2.084d4 2.50b 2.33c 2.50b 2.58a 88
24. 14 .85 15.33 17.48 16.21 14,94 3.83c 3.B3c 4.00a 3.91b 3.83c 85
25. 14.66 15.24 1811 16.86 17.32 2.00b 2.lca 1.83bc 1.58¢ 1.83bc 96
26. 11.01 12.32 12.82 12.54 14.17 4.414d 4,75b 4.00e 4.50c 4.83s 78
27. 12.76 12.07 15.40 14.76 14.22 1.00e 1.16d 1.50a 1.:33e 1.41b a3
28, 6.83 8.32 9.06 10.23 8.76 3.33c 3.58b 3.66b 3.83a 3.08d &7
29. 13,33 13.59 13.B0 14 .57 13.55 2.08d 2.41c 2.50b 2.66a 2.50b 91
30. 13.66 14.07 13.19 12.96 13.40 4.91c 5.91a 5.66b 5.00c 5.58b 97
al. 11.90 12.38 13.22 12:15 11.66 5.41c 6.33bc 6.41bc 7.33a 7.13ab 98

In a column, means followed by a common letter are not
significantly different at 5% level.

1. Balashahar, 2. Sandhabari, 3. Narhatto, 4. Natun Shahar,
5. Nischintapur, 6. Monoharpur, 7. Dikshail, 8. Ishapur,
9. Dadpur, 10. Rahmatpur, 11. Shahajadpur, 12. Baira,
13. Pali, 14. Nazirpur, 15. South Dhanghara, 16. Ranochandi,
17. Lalapur, 18. Jatanpukuria, 19. Daulatpur, 20. Kamorgram,
21. Dewashara, 22. Vhanga, 23. Palima, 24. Benarpota,
25. Khazura, 26. Garakhola, 27. Mogorkhal, 28. Uttar Char Aicha,
29. Patkhali, 30. Nadmollah, 31. West Jhalakathi.
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4.8.3 Correlation coefficient of Bsoil K valuea of five
extractants with various plant parameters of groundnut

Different plant parameters (threshold yield, plateau yield,
per cent relative yield, per cent K concentration (Ko) and K uptake
(Ko) of groundnut were correlated with the extracted soil K values
of different extractants (1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold
H,S0, and distilled water). The results are presented in Table 4.36.
Which suggest that per cent K concentration and per cent K uptake
had significant and positive correlation with all five K
extractants except per cent K concentration with 1N HNO,, which
showed insignificant correlation. This insignificant relationship
might be due to release of K from non-exchangeable form and its
absorption by growing crop was less. Hinderance of absorption may
occur due to sufficient supply of readily exchangeable as well as
available K from most groundnut growing soil. Ganeshamurthy et al.
(1985) reported that the release of non-exchangeable K and its
uptake by groundnut crop is significant only when readily available

K exhausted in the soil.

The results revealed that distilled water soluble K had high
degree of correlation with K uptake of groundnut (r= 0.621 **). The
correlation of other extractants was found to be in the following
order: 1N NHOAc > 0.25N NaHCO, > Cold H,S0, > 1N HNO,. This
relationship indicates that the groundnut crop absorb easily the
readily exchangeable form of K from the socil than the non-
exchangeable form, but the requirement of K might not be sufficient

for growing groundnut, as such soils need K fertilization.
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Table 4.36. Correlation coefficient (r) of soil K of different
extractants with various plant parameters of
groundnut .
K extractant
Plant parameter -
1N NH,OAcC 0.25N 1N HNO, Cold H,SO, Disgtilled
NaHCO, (boiling) water
Threshold dry 0.338 * 0.080 NS 0.135 NS 0.258B NS 0.429 *
matter yield (K
control yield)
Plateau dry 0.258 NS 0.007 NS 0.072 NS 0.189 NS 0.338 *
matter yield
{(Maximum yield}
Relative dry 0.193 NS 0.153 NS -0.127 NS 0.083 NS 0.335 NS
matter yield (%)
K concentration 0.413 * 0.544 ** 0.246 NS 0.419 + 0.486 *»
(%) at Ko
K uptake at Ko 0.538 *w» 0.521 ** 0.392 * 0.517 ** 0.621 **x

** = Significant at 1% level,

NS = Not significant.

4.8.4

Critical limit

* =

= Significant at 5% level,

of soil potassium for groundnut

Similar to wheat and potato, a scatter graphical approach and

mathematical procedure of Cate and Nelson (1965 and 1971) were used

to determine the critical limits of soil potassium for groundnut.

The scatter graphical diagram was drawn by plotting extractable K

values of five different extractants against the per cent relative

yield of groundnut using the procedure described by Cate and Nelson

(1965)

{Table 4.33 and Figures 4.23 to 4.27).

In this procedure,

critical limit of soil K extracted by 1N NH,OAc was found to be

0.36 meq K/100g goil indicating that below this level of K, an
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economic response is highly expected. Such limit for 0.25N NaHCO,,
1N HNO,, c¢old H,80, and distilled water method of K extraction
appeared to be 0.36 (meq K/100ml soil), 2.16, 0.18 and 0.12 meq
K/100g soil respectively (Table 4.37). A soil was considered as
non-responsive to K where the per cent relative dry matter yield of
groundnut was more than 89, 87, 84, 83 and 89 for 1N NH,OAc, 0.25N
NaHCO,, 1N HNO,, cold H,80, and distilled water extractions

respectively (Figures 4.23 to 4.27).

The critical limits obtained from graphical approach were also
confirmed by employing the mwmathematical procedure of Cate and
Nelson (1971). By using the mathematical procedure, the calculation
of coefficient of determination (R?) and critical limit for best
two population split to differentiate fields in the crop response
categories I and II using the two mean discontinuous model was done
for the soils with the same extractant as used in the graphical
method. This method provided critical limit between 0.35 and 0.36
meq K/100g soil for 1N NH,0Ac, 0.36 and 0.38 meqg K/100ml soil for
0.25N NaHCO,, 1.99 and 2.34 meq K/100g soil for 1N HNO,, 0.17 and
0.18 meqg K/100g soil for cold H,80, and 0.11 and 0.12 meq K/100g
soil for distilled water soluble K (Tables 4.38 to 4.42). So the
values 0.36, 0.37 (meg K/100ml soil), 2.17, 0.18 and 0.12 meq
K/100g soil were taken as the critical limits for 1N NH,CAc, 0.25N
NaHCO,, 1N HNO,, cold H,S0, and distilled water extractants

respectively (Table 4.37).

148



Redative yield (%)

Dhaka University Institutional Repository

100.00
&
&
@
80.00 Ld
®
[ ]
[ [
® ®
® O L 3
®
80.00 [
-
® ® ®
®
70.00 -
e 0.36 critical limit
/ .
/
VA
60.00 : - - +
0.00 010 0.20 0.30 0.40 050

Exchangeable K { meq/100g )

Fig.4.23. Critical limit determination based on the relationship between exchangeable K (1 N
NH.OAc extraction ) content of soil and relative dry matter yield of groundnut grown in soils of

twenty nine locations.
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Fig.4.24. Crifical limit determination based on the relationship between available K (0.25N
NaHCO; extraction ) content of soil and relative dry matter yield of groundnut grown in soils of
twenty nine locations.
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Fig.4.25. Critical limit determination based on the refationship between available K (1 N HNO;
exiraction } content of soil and relative dry matier yield of groundnul grown in soils of twenty nine

locations.
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Fig.4.26. Critical limit determination based on the relationship between available K {cold
H;SQO4 extraction ) content of soil and relative dry matter yield of groundnut grown in

soils of twenty nine locations.
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Fig.4.27. Critical limit determination based on the relationship between distilled water soluble K
(4:10 soil : water extraction ) content of soil and relative dry matter yield of groundnut grown in
solls of twenty nine locations.
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Table 4.37. Critical 1limits of five scil K extractants for
L groundnut as determined by graphical and
4 mathematical procedures.
{
Soil K Methods of determining critical limit of K
t tant :
extrac Graphical Mathematical
. 1N NH,OAc 0.355 (meg K/100g 0.355 (meqg K/100g soil).
> soil) (=0.36).
(=0.36) (0.35-0.36)*
0.25N NaHCO, 0.36 (meqg K/100ml 0.37 (meg K/100ml soil).
soil) (0.36-0.38)*
1N HNOC, 2.16 (meqg K/100g 2.165 (meg K/100g soil)
i so0il) (=2.17) .
(1.99-2.34)*
-
Cold H,S0, 0.175 (meqg K/100g 0.175 (meq K/100g soil)
2 soil) (=0.18)
(=0.18) {0.17-0.18) *
Distilled 0.116 (meqg K/100g 0.115 (meqg K/100g soil)
water soil) (=0.12) .
(=0.12) (0.11-0.12) *
A

* Indicate the range of XK critical limit

Table 4.37 indicated that the critical limits of K calculated by
mathematical procedure for groundnut were found nearly same as
obtained from scatter graphical procedure. Portch et al. (1984}
reported 0.20 meq K/100ml soil (which was worked out by Hunter,
1980) as the critical limit of 0.25N NaHCO, extractant for most of

the upland crops.
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Table 4.38. Co-efficient of determination (R?) and K critical
Sl limit for best two population split using the 2-
E mean discontinuous model for groundnut (1IN NH,0Ac
extraction) .
Last value of Population 1 Population 2 Postulated R for
exghanggable critical limit postulated
f::L;c;ui:g}\;:eg L‘_:?:tive gg;"g:“d 2:*1’:““ Eg;rggte‘i between values iz:lc:lcal limit
yield squares of yield gquares of
deviations deviations
> from mean from mean
{CSS?) (C88Y)
0.08 7] 0 84 1593 ¢.08 & 0.0% 0.0702
0.09 79 €1 84 1587 0.09 & 0.10 0.0381
0.10 79 69 85 1516 .10 & ©0.11 0.07480
0.11 79 85 85 1513 .11 & 0.12 0.0673
0.12 80 86 85 1466 0.12 & 0.14 0.0941
0.14 81 579 86 588 0.14 & 0.18 0.0853
¢.18 B1 583 86 987 .18 & 0.19 0.0778
0.19 81 €43 86 887 .19 & 0.25 0.1069
0.25 81 1064 87 412 0.25 & 0.27 0.1385
0.27 82 1171 87 346 0.27 & 0.28 0.0912
0.28 82 121% 87 384 0.28 & 0.30 0.0643
0.30 83 1260 86 378 0.30 & 0.31 0.0439
0.31 83 1260 87 365 0.31 & 0.34 0.0515
0.34 83 1282 a8 273 .34 & 0.35 0.0924
0.35 82 1323 91 91 0.35 & 0.38 0.1746 2/
0.36 83 1180 91 90 0.36 & 0.41 0.1420
0.41 83 1575 a9 42 .41 & 0.42 0.0538
0.42 83 1583 91 18 .42 & 0.53 0.0655
0.53 83 1605 94 o 0.53 & 0.57 0.0632
1/ R? =TCSS- (CSS8' + C88?%). TCSS = Total corrected sum of squares
TCSS

2/ Critical limit lies between 0.35 and 0.36 with an average of
0.355 meq K/100g soil.
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Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-
mean discontinuous model for groundnut (0.25N NaHCO,
extraction).

Table 4.39.

Last value of Population 1 pPopulation 2 Postulated R? for
available soil critical limit poetulated
v
Kcigii‘:g:g in Mean Correcred Mean Corrected betwsen values izitical Wait
Pop relative sum of relative sum of
yield squares of yield squares of

daviations deviations

from mean from mean

(CSS*} {CSs?)
0.12 B3 0 84 1713 0.12 & 0.15 0.00018
0.15 80 25 84 1650 0.15 & 0.16 9.02236
0.16 T 53 85 1523 0.16 & 0.17 0.08014
0.17 82 343 B4 1356 0.17 & 0.18 0.00835
0.18 82 347 a4 1338 0.18 & 0.19 0.01652
0.19 82 a55 a4 1338 0.1% & 0.20 0.01185
0.20 83 384 a4 1323 0.20 & 0.21 0.00368
021 B4 358 84 1315 0.21 & 0.23 0.00018
0.23 B3 814 85 875 0.23 & 0.27 0.01418
0.27 82 1051 19 527 .27 & 0.25 0.07897
0.29 B3 1147 86 492 0.29 & 0.30 0.04337
0,30 82 1187 az 386 0.30 & 0.32 0.08189
0.32 82 1203 ee ioe 0.32 & 0.33 0.,12275
0,33 82 1237 89 144 0.33 & 0.34 0,19395
0.34 82 1238 90 59 0.34 & 0.386 0.21963
0.36 a2 1249 91 68 0.36 & 0.38 0.23131 u
0.38 82 1297 51 63 0.38 & 0.39 0.20621
0.39 82 1330 92 49 0.3% & 0.43 0.19512
0.43 83 1485 54 25 0.43 & 0.4¢6 0.11866
0.46 83 1532 57 Q 0.4 & 0.47 0.10582

1/ R? =TCSS- (CSS' + CSS?),
TCSS

2/ Critical limit lies between 0.36 and 0.38 with an average of

0.37 meq K/100ml soil.

TCSS = Total corrected sum of squares
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Table 4.40. Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-

mean discontinuocus model for groundnut (1N HNO,
extraction) .
Last value of Population 1 Population 2 Postulared R! for
available seil critical limic poetulated
K included in Mean e — — Corvected between values critical limit
pepulation 1 relative sum of relative sum of L
yield squares of yield squares of

deviations deviations

from mean from mean

(CS8*} {C55%)
0.37 B3 0 B4 1713 0.17 & 0.45 0.00018
0.45 80 25 84 1650 0.45 & ©.76 0.02236
0.76 80 25 84 1633 0.76 & 0.684 0.03228
0.84 82 77 84 1618 0.84 & 1.01 0.01068
1.01 82 77 B4 1613 1.01 & 1.23 0.01360
1.23 82 78 84 1612 1.23 & 1.66 0.01360
1.66 81 133 a5 1503 1.66 & 1.78 0,04512
1.78 80 154 85 1424 1.78 & 1.81 0.07897
1.81 79 200 a6 1270 1.81 &1.92 0.14201
1.91 80 282 13 12559 1.91 & 1.99 0.10057
1.99 ao 363 86 1036 1.99 & 2.34 0.28345 2/
2.34 a1 642 B& 916 2.34 & 2.52 0.05064
2.52 81 665 -1 915 2.52 & 2.65 0.07780
2.65 82 668 86 908 2.65 & 2.77 0.03811
2.77 Bl 670 86 871 2.77 & 2.87 0.10057
2.87 82 682 BE 869 2.87 & 2.89 0.09473
2.89 82 876 86 769 2.89 & 2.95 0.03987
2.595 82 1102 87 392 2.95 & 2.5% 0.12800
2.8% 82 1205 a7 368 2.99 & 3.02 ©.08189
3.02 83 14B) as 221 3,02 & 3.10 0.00543
3.10 84 1490 a5 | 220 3.10 & 3.14 0.001593
3.14 a3 1519 B& 169 3.14 & 3.28 0.01477
3.28 84 1540 85 163 3.28 & 1.47 0.00601
3.47 g4 1546 85 162 3.47 & 3.49 0.00309
3.49 83 1602 90 41 3.49 & 3.55 0.04103
3.55 83 1605 94 0 3.55 & 3.69 0.06321

1/ R? =TCSS-(CSS' + CSs?),
TCSS
2/ Critical limit lies between 1.99 and 2.34 with an average of
2.165 meq X/100g soil.

TCSS = Total corrected sum of squares
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Co-efficient of determination

(R?)

and K critical

limit for best two population split using the 2-

mean discontinuocus model for groundnut
extraction) .

(cold H,S0,

Last value of Population 1 Population 2 Postulated R? for
available soil critical limic poetulated
K included in Mean Corrected Mean R between values critical limit
popuiation/l relative sum of relative sum of VA
yield squares of yield squares of

deviations deviations

from mean from mean

{CSSs*) (CSS?)
0.10 B3 ] B4 1713 0.10 & 0.11 0.00018
0.311 BO 25 04 1650 0.11 & 0.12 0.0223
0.12 78 58 a5 1501 0.12 & 0.13 0.0900¢
0.13 79 71 [: 11 1494 0.13 & 0.16 0.08656
0.16 77 123 86 1203 0.16 & 0.17 0.22605
917 77 133 86 1057 0.17 & 0.18 0.30543 2/_
¢.18 78 267 86 1057 0.1 & 0.22 0.26224
0.22 79 299 B6 1054 0.22 & 0.24 0.21030
0.24 g1 597 86 934 0.24 & 0.25 0.10640
0.25 81 602 BE 926 0.25 & 0.28 0.10815
0.26 81 603 :13 :1:4] 0.26 & 0.27 0.12917
0.27 81 629 8BS :1:3-] 0.27 & 0.29 0.11399
0.29 83 az0 B5 837 0.29 & 0.32 0.03286
0.32 a3 831 BS 837 0.32 & 0,33 0.02544
0.33 a3 831 .13 B30 0.33 & 0.34 ©0.03053
0.34 a4 1023 B4 686 0.34 & 0,37 0,00251
0.37 24 1025 B4 aBé 0.37 & 0.43 0.00134
0.43 a3 1287 87 145 0.43 & 0.44 0.04745
0.44 B2 1332 89 212 0.44 & 0.47 0.09882
0.47 82 1351 91 79 0.47 & 0.48 0.16535
0.48 83 1531 89 43 0.48 & 0.54 0.08131
0.54 B3 1579 B9 42 0.54 & 0.58 0.05387
Q.58 B4 1653 87 5 0.58 & 0.63 0.00893
0.63 B4 1712 85 0 0.63 & 0.639 0.00076

1/ R? =TCSS-(CSS* + Cs8s?),

TCSS

TCSS = Total corrected sum of squares

2/ Critical limit lies between 0.17 and 0.18 with an average of
0.175 meq K/100g soil.
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Table 4.42. Co-efficient of determination (R?) and K critical

- limit for best two population split using the 2-

E mean discontinuous model for groundnut (distilled
water extraction).

Last value of Population 1 Population 2 Postulated R? for
distilled water critical limit postulated
goluble e0il K between values critical limit
included in Mean Corrected Mean Corrected 32
population 1 relative sum of relative sum of
yield ggquares of yield squares of
> deviations deviatione
- from mean from mean
~ (C88') (CSS8?)
0.04 83 1 B4 170% 0.04 & 0.05 0.00153
Q.05 ao 73 85 1536 0.05 & 0.07 0.06088
0.07 79 120 86 1240 0.07 & 0.08 0.20621
0.08 1] 235 86 123a 0.08 & 0.10 0.14026
0.10 82 BDO 86 741 0.10 & 0.11 0.10057
™ 0.11 Bl 966 a9 342 .11 & €.12 0.23656 2/
b 0.12 B2 1173 B9 292 0.12 & 0.13 0.14493
0.13 B2 1269 1] 278 0.13 & 0.14 0.0970&
i 0.14 82 1309 90 110 0.14 & 0.15 0.2717%7
0.15 a2z 1323 21 21 0.15 & 0.17 0.1746€59
0.17 83 1380 91 90 0.17 & 0.18 0.14201
Q.18 a3 1386 33 42 0.18 & 0.19 0.16652
0.19 8l 1583 51 1a 0.1%2 & 0.22 ¢.06555
0.22 a3 1605 94 0 0.22 & 0.23 0.06321

4

R? =TCSS-(CSS! + Css8?), TCSS = Total corrected sum of squares
TCSS

Critical limit lies between 0.11 and 0.12 with an average of

0.115 meq K/100g soil.

. I
R K
~~ s
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Based on the X critical limits of all extractants, soils of
experimental sites were partitioned into two categories i.e., below
and above the critical limit. It is observed from the present
results that soils below the critical limits showed increasing
trend of dry matter yield up to the range of 30 to 45mg K kg™
application for all extractants (Table 4.43 and Figures 4.28 to
4.32). The dry matter yield of groundnut ranged from 11.72 to
15.87g pot ™! when potassium was applied from 0 to 60mg K kg™. On the
other hand, the beneficial yield increase was also observed with
the soils containing K values above the critical limit and it was
ranging from 15.49 to 18.56g pot™® with the application of same
amount of potassium in soil. No economic response was found beyond
this level due to beneficial increase in dry matter yield of
groundnut (Table 4.43 and Figures 4.28 to 4.32). The results also
indicated that maximum crop response was obtained from 1N NH,OAc
followed by 0.25N NaHCO, extractable K since they responded 83 and

76 percent of the total soils respectively (Table 4.43).

From this study, it could be concluded that groundnut plant
might respond to K application economically in these soils if 1N
NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,SO, and distilled water soluble
K are remain below the critical limits in both the methods for
determining critical limit (graphical and mathematical). Therefore,
the values of K critical limits can effectively be used to separate
K responsive soils from the non-responsive ones and be helpful in

rationalizing K fertilization programme for groundnut cultivation.
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Table 4.43. Response of groundnut to potassium applied in
L different level of so0il X (below and above the
k. critical limit) determined by using five
extractants.
soll K Level of K in Number of Average dry matter yield (g pot ")
extractant soil (me ¥} goils
responded K applied {mg K kg )
0 15 30 45 60
A8
., 1N NH,0RAc <0.36 24 (83)° 13.87 15.06 15.78 15.68 14.93
{0.08-0.35)"
>0.36 5 (17) 17.23 18.40 18.15 16.54 1765
{0.36-0.57)"
0.25N <0.36 22 (76) 13.87 15.08 15.87 15.86 14 .56
) NaHCO, {0.12-0.34}"
—
»0.36 7 (24) 16.26 17.41 17.27 16.03 16.61
~ (0.36-0.47}"'
IN HNO, <2.16 11 (38) 12.19 13.51 14.26 14.17 13.65
{0.37-1.99)"
>2.16 18 (82) 15.83 16.94 17.37 16.95 15.92
(2.34-3.69)"
\
Cold H,SO, <0.18 8 (28) 11.72 12.93 14.07 14.32 1351
{0.10-0.27)" '
>0.18 21 (72) 15.49 16.67 17.00 16.50 15.64
{0.,18-0.69)*
% Diastilled <0.12 20 (69} 13.16 14.39 1553 14.91 1393
L\ water {0.04-0.11)*
>0,12 9 (31) 17.30 18.41 18.56 18:10 17.56
{0.12-0.23)?
* Figures in parentheses indicate percent of the total
- ! Range of K (me %) in soil
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F - Fig. 4.28. Response of groundnut to potasslum applled In
| different level of soil K (below and above critical limit) extracted
, by 1N NH,OAc.
i
I .-
»
’ ~ 20.00
L\ g mgs —=— Below
) 18.00 critical
’ ~ D 17.00 //': o , limit
% 16.00 'y :
[
E 15.00 5 =Ll Aliove
> 14.00 critical
13.00
12.00
=g 0.00 15.00 30.00 45.00 60.00
» K levei (mg/kg)
Fig. 4.20. Response of groundnut to potassium applied (n
different level of soll K (below and above criticai limit} extracted
by 0.25N NaHCO;3
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Dry matter yield (gfpot)
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Fig. 4.30. Response of groundnut to potassium applied in
different level of soil K (below and above critical limit) extracted

by 1N HNO,
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Fig. 4,31, Response of groundnut to potassium applled In
different level of soil K (below and above critical limit) extracted

by cold HzS0x.
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i 17.00 ¥
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s & "_\ critical
- 14.00 - . fimit
-] 1&m1
12.00 + ¢ v
0.00 15,00 20.00 45,00 60.00
K level (mg/kg)
Fig. 4.32 Response of groundnut to potassium applied in different
level of soil K (below and above critical limit) extracted by distitled
water.
4.8.5 Critical 1limit of ©potasgium determined from K

concentration in groundnut plant

For evaluating the critical K concentration in groundnut
plant, both graphical and mathematical methods of Cate and Nelson
(1965 and 1971) were employed. A value of 1.10% for 1N HCl
extraction was found to be as critical K concentration in groundnut
plant for graphical method (Figure 4.33). Figure 4.33 revealed that
the crop could be considered as non-responsive to K where per cent
relative dry matter yield was found more than 77 for groundnut.

Critical K concentraticn limit for mathematical procedure appeared
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to be as 1.13% with the same extractant as used in graphical method
(Table 4.44). The critical K concentration wvalues obtained from

graphical and mathematical procedures are as follows:

Graphical 1.10%

Mathematical 1.13%

These values are fairly close to each other. Similar values of
critical K concentration in groundnut was reported by many workers.
Chapman (1967) reported <1.30% as low K concentration in peanut
plant at early bloom stage, while Rao et al. (1989) indicated <
1.3% as extremely deficient and 1.3 to 1.9% as moderately deficient

K concentration in groundnut plant.

It may be concluded that an economic response of groundnut
plant might be expected below the critical K concentration level
and it could help to distinguish the K deficient plants from the

adequate ones.

4.8.6 Efficiency of applied potassium for the dry matter yield
of groundnut

The efficiency of applied potassium was calculated in oxrder to

test the reliability of critical limits on the basis of the dry

matter yield increase over the control (Ko) for each mg of applied
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Fig.4.33. . Critical Imit determination based on the relationship between total K (1 N HCI
extraction } concentration in plant & relative dry matter yield of groundnut grown in solls of twenty
nine locations.
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Co-efficient of determination (R?) and K critical
limit for best two population split using the 2-

Table 4.44.

mean discontinuous model for groundnut plant (1N
HCl extraction).
Last value of Population 1 Population 2 Postulated R? for
K conc. (%) critical postulated
included in limit between critical limit
A Mean Corrected Mean Corrected
population 1 relative sum of relative sum of values VA
yield squares of yield squares of
deviations deviations
from mean from mean
{CSS5') {Cs5?)
0.79 75 0 87 1607 0.792 & 1.00 .0853
1.00 81 113 88 1446 1.00 & 1.25 .1126 2/
% .25 86 496 ;] 1243 1.25 & 1.33 .0102
L33 87 556 87 1199 1.33 & 1.41 .0011
1.41 86 596 88 1145 1.41 & 1.50 .00%0
1.50 85 670 88 1027 1.50 & 1.91 .0341
1.91 85 €74 as 998 1.91 & 2.00 .0483
2.00 86 786 a8 938 2.00 & 2.08 .0187
2.08 B7 203 87 853 2.08 & 2.20 -.0005
2.20 87 1021 86 728 2.20 & 2.41 .0045
2.41 87 1023 86 728 2.41 & 2.66 .0033
2.66 87 1025 86 720 2,66 & 2.75 .0068
2.75 87 1036 86 715 2.75 & 3.08 .0033
3.08 87 1043 86 699 3.08 & 3.33 .0085
3.33 87 1448 90 281 3.33 & 3.83 .0159
3.83 87 1450 9. 254 3.83 & 4.41 .0301
4.41 86 1521 58 0.5 4.41 & 4.91 .104¢0
4.91 87 1632 98 0 4.91 & 5.41 .0711
1/ R? =TCSS-(CSS' + (C88?%), TCSS = Total corrected sum of squares
TCSS
2/ Critical limit lies between 1.00 and 1.25 with an average of

1.125%.
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K in presence of NPS fertilizers (Table 4.45). Application of K @
15mg K kg™ produced 79.33 to 88.00mg dry matter of groundnut by
each mg of applied K in soils having K values below the critical
limit but the socils which had K wvalues above the critical limit
produced low dry matter yield as compared to deficient soils (soils
below the critical limit). Dry matter yield from K adequate soils
ranged from 74.00 to 78.67mg by each mg of applied K, applicable
for all five K extractants. Table 4.45 indicated that in both the
soil levels {(below and above the critical limit) the dry matter
vield decreased with increasing K levels (30 to 6é0mg K kg).
Similar trend of fertilizer K use efficiency was observed for all
the five extractants used in this study. The fertilizer K use
efficiency by groundnut plant was found maximum in K deficient soil
(scils value below the critical limit) and minimum in K adequate
soils. It is assumed from the present results that increasing the
levels of applied K also resulted in low K utilization and hence,
fertilizer K use efficiency decreased. From this study, it can be
concluded that for groundnut cultivation, it is essential to apply
K fertilizer only when the soil K value remain below the critical

limit.
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Table 4.45. Efficiency of applied K for the dry matter yield
of groundnut.
Soil X Level of K Number of K fertilizer use efficiency
extractant in soil goils {mg yield mg k™)
{me %) responded
K applied (mg K kg™)
15 30 45 60
1N NH,OAC <0.36 24 79.33 63.67 40.22 17677
{0.08-0.35)
>0.36 5 78 .00 30.6%7 ~6.44 7.00
(0.36-0.57)
0.25N <0.36 22 B0.67 66.67 44 .22 11.50
NaHCO, {0.12-0.34)
>0.36 7 76.67 33.67 =5.11 5.83
(0.36-0.47)
1N HNO, <2.16 Il 88.00 639.00 44 .00 24 .33
(0.37-1.99)
>2.16 18 74.00 51.33 24.859 1.50
(2.34-3.69)
Cold H,S50, <0.18 8 80.67 78.33 58.00 29.B3
(0.10-0.17)
>0.18 21 78.67 50.33 22 .44 2.50
(0.18-0.63)
Distilled <0.12 20 B2.00 65.67 38.89 12.83
water {0.04-0.11)
>0.12 S 74 .00 42 .00 17.78 4.33
{(0.12-0.23)
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CHAPTER 5.0

SUMMARY AND CONCLUSIONS

For proper growth and nutrition, plant needs at least sixteen
essential elements, of which potassium is taken up in large
quantities than any other elements. Deficiency of this element
affects various physiological and biclogical processes and thereby
reduces crop yield. As potassium is highly mobile within the plant,
the first common deficiency symptom is scorching or firing and
browning usually starts from the leaf tips and margins of the older

leaves.

Potasgium deficiency generally occurs in acid sandy soils or
highly leached lateritic soils. The soils which have wvery high
contents of Ca and Mg may also restrict K uptake by the plants

leading to K deficiency.

Upland crops like wheat, potato and groundnut were taken as
test crops for net house experiment to determine critical limits of
potassium in soils and crops using Cate and Nelson graphical and

mathematical procedures.

Thirty one soils (0-15cm depth) were collected from different
locations representing seven general soil types and fourteen
agroecological zones of Bangladesh on the basis of low, medium and

high exchangeable potassium category.
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From soil analyses, it was found that soil pH varied from 4.61
to 7.95 and organic matter ranged from 0.60 to 1.30%. The quantity
of Ca (1.00 to 14.30 meq/100ml) and Mg (0.20 to 5.41 meq/100ml
soil) obtained from the soil seemed to be adequate in all locations
except Natun Shahar, Jatanpukuria and Dewashara but the content of
Mg was found below the critical limit (0.70 meq/100g soil) in five
locations (i.e., Nischintapur, Ranochandi, Lalapur, Daulatpur and
Mogorkhal). Na and Zn contents were found adequate in soils of
thirty one locations and P content ranged from 9.0 to 45.00ug/ml

and S from 8.00 to 25.00pug/ml scil.

The CEC of soils ranged from 5.43 to 11.11 meqg/100g soil with
the lowest value observed from the scil of Natun Shahar and highest
from Dikshail and Monoharpur. Particle size distribution in all
tested soils was found to be sandy loam to clay and clay loam in

texture.

Among five K extraction methods, the range of K extracted by
ammonium acetate was higher than that of sodium bicarbonate and
distilled watexr soluble K. The K extracting capacity of different
extractants was found in the following order: 1N HNO, > cold H,SO,

> 0.25N NaHCO; > 1N NH,0Ac > distilled water.

The efficiency of the potassium saturation percentage of
tested extractants was measured by the value of standard error. It
is asgsumed that the lower the value of standard error (+), the

higher the capacity of per cent K saturation. As such, the
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performance of the extractant for K saturation was found in the
following order: 0.50 (distilled water} > 1.07 (0.25N NaHCO;) »>

1.23 (1N NH,0Ac) > 1.61 (cold H,S0,) > 12.01 (1N HNO,).

A correlation study was done between extractable K of five
extractants and soil properties. The highest degree of correlation
was found between cold H,S0, extractable K and Ca (r= 0.823 **), 1N
NH,OAc extractable K and CEC (r= 0.809 **), distilled water soluble
K and clay (r= 0.781 **), 1N HNO, extractable K and pH (xr= 0.772

**) and 0.25N NaHCO, extractable K and clay (r= 0.748 *+*),

From intercorrelation study it could be inferred that among
different extractants, 1N NH,OAc extractable K was more related to
distilled water (r=0.918 **) and cold H,80, (r= 0.860 **) followed
by 0.25N NaHCO, {r= 0.840 **) extractant as evidenced by higher r

values.

The dry matter yield of wheat increased with increasing levels
of K up to 30 to 45 mg K kg! levels. Due to differences of initial
soil K distinct variation was also observed for the threshold yield
(2.37 to 5.44g pot™'), Plateau yield (2.99 to 6.36g pot™?) and per
cent relative yield at optimum K level (59 to 95%) of wheat. Marked
variation was also observed in K concentration of wheat at Ko due
to variation in initial K fertility and it ranged from 2.41 to
5.83%. Simultaneously, K uptake was increased with increasing
levels of applied K up to 30 to 45 mg K kg* levels and ranged from

60 to 467 mg K kgt.
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The K concentration in wheat plant increased with increasing
levels of applied K up to 30 to 45 mg K kg? level and ranged from
2.41 to 7.75%. On the basis of K concentration in wheat plant, per
cent relative yield was calculated from the corresponding dry

matter yield of wheat and it ranged from 59 to 100%.

Analyses of simple correlation coefficient calculation were
done between K contents of five extractants and various plant
parameters of wheat. All soil K extractants (1N NH,OAc, 0.25N
NaHCO,, 1N HNO,, cold H,SO, and distilled water) were found to be
useful for estimating K from the soil due to their significant and
positive correlations with per cent relative yield, per cent K
concentration (at Ko) and K uptake (at Ko) of wheat plant. None of
the tested extractants had any significant relationship with
threshold and plateau yield except 0.25N NaHCO,, which correlated

significantly with the threshold yield at lower r value (r= 0.357

*).

Among all K extractants, cold H,SO, highlighted the
superiority over the other four, as it gave higher r value with per
cent K concentration (at Ko) (r= 0.652 **) followed by per cent

relative yield of wheat (r= 0.642 *¥*) .

The critical limits of soil K calculated for wheat both by
graphical and mathematical procedures of Cate and Nelson were found
to be 0.13, 0.28 (meqg K/100ml soil), 1.86, 0.34 and 0.08 meq K/100g

soil for 1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,SO, and distilled
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water extractants. Wheat plants responded to potassium application
when extractable scoil K of 1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold
H,50, and distilled water were found below the critical limits.
Among all K extractants, maximum crop response was obtained from
cold H,S0, extractable K followed by 0.25N NaHCO, as they covered 65
and 58% of the total soils when the soils remained below the
critical limit. The response was minimum when the scilgs K wvalue

remained above the critical limit.

The critical K concentration limit of wheat plant obtained by
graphical and mathematical procedures were as 4.02 and 4.04% for 1N

HCl extraction procedure.

In order to test the reliability of critical 1limit, the
efficiency of applied potassium was evaluated considering the level
of K in soil and different extractants. Results revealed that the
fertilizer K use efficiency by wheat plants was maximum in low K
soils (soils K below the critical limit) and minimum in soils that
had K values above the critical limit. Increasing levels of applied
K resulted in low K utilization and hence, fertilizer K use
efficiency decreased. This trend of fertilizer K use efficiency was

found similar for all the extractants used in this study.

Due to wide variability of K fertility in the tested soil, the
marked variation was also recorded for threshold yield (4.70 to
10.25g pot!'), plateau yield (5.97 to 14.21g pot™!) and per cent

relative vyield (50 to 93%) of potato. The dry matter yield of
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potato increased with increasing the level of K up to 50 to 75 mg
K kg for all soils under study. The range of K concentration (at
Ko) in potato plant ranged from 3.08 to 11.08%. Results revealed
that K uptake of potato plant (at 42 days of harvesting) increased
with the increasing levels of K up to 50 to 75 mg K kg™? levels and

it ranged from 193 to 1761 mg pot™.

Added K had marked influence on the increase of K
concentration in potato plant. Results indicated that K
concentration increased with increasing the K application up to 50
to 75 mg K kg! level and ranged from 3.08 to 14.50% for all
treatments. Per cent relative yield was calculated from the K
concentration and corresponding dry matter yield of potato which

was ranged from 70 to 102%.

The threshold yield, per cent relative yield, per cent K
concentration (at Ko) and K uptake {at Ko) of potato manifested
significantly positive relationship with all the K extractants (1N
NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,SO, and distilled water)
except threshold and per cent relative yield. The latter did not
show significant relationship but revealed positive relationship
with 0.25N NaHCO, extractant. None of the extractants had
statistically significant correlation with the plateau yield of
potato. Among all extractants, 1N NH,0Ac extractable K gave the
highest degree of correlation with K uptake (r= 0.739 **) followed
by per cent K concentration (r=0.709 **) of potato and they found

in the following order: 1N NH,OAc > distilled water > cold H,S50, >
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0.25N NaHCO, > 1N HNO,. From this correlation, it could be inferred
that 1N NH,OAc extractable K was more related to K uptake as it
gave higher r wvalue ({r= 0.739 **) followed by per cent K

concentration {at Ko) (r= 0.709 **).

The critical 1limits of soil K determined by graphical
procedure for 1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,S0, and
distilled water were as 0.29, 0.24 (meq K/100ml soil), 0.90, 0.30
and 0.14 weqg K/100g soil respectively but for mathematical
procedure, the values were 0.29, 0.25 (meq K/100ml soil), 0.93,

0.31 and 0.15 meq K/100g soil respectively for potato.

There was an increasing trend of response to potassium
application for five K extractants in soils contained K below the
critical limit but the soils contained K values above the critical

limit, the increase of the dry matter yield of potato was marginal.

Among the tested extractants the highest crop response was
recorded from distilled water (77%) followed by 1N NH,OAc (68%)

extractable K.

The c¢ritical K concentration 1limit in potato plant by
graphical and mathematical procedures were 6.40 and 6.46%

respectively for 1N HCl extraction procedure.

Results indicated that the maximum efficiency of applied

potassium was found in soils having potassium values below the
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critical limit but the soils contained K values above the critical
limit, gave minimum use efficiency as compared to K deficient
soils. This trend of K use efficiency was equally applicable for K
values of all extractants except IN HNO, extractable K for
deficient soils. The dry matter yield of potato decreased by
increasing K levels in both the soil levels (i.e., below and above
the critical limit). This trend was similar for all extractants

used in this study.

Application of potassium increased the dry matter yield of
groundnut wi;h increasing the levels of K up to 30 to 45 mg K kg
level. Initial soil K fertility and added K had great influence on
the threshold, plateau and per cent relative yield of groundnut.
The threshold, plateau and per cent relative yield of groundnut

were 6.83 to 24.83 g pot™, 8.47 to 27.60g9 pot™?, and 67 to 97%

respectively.

Both initial soil potagsium fertility as well as added
potassium had marked effect on the per cent K concentration (at Ko)
of groundnut plant and it ranged from 0.79 to 5.41%. Uptake of K by
groundnut plant increased with increasing the level of added K and
ranged from 63 to 919 mg pot™. The trend of K uptake was found

higher within 30 to 45 mg K kg™* application.

Applied K and initial K content of the soil had great
influence on the K concentration of groundnut plant for the soils

of all locations and it ranged from 0.79 to 7.33%. Per cent
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relative yield was calculated on the basis of the K concentration
and corresponding dry matter yield of groundnut and was varied from

67 to 98%.

Simple correlation coefficient between soil potassium values
of five extractants and various plant parameters of groundnut
indicated that per cent K concentration and per cent K uptake
established significant and positive correlation with five K
extractants (i.e., 1N NH,OAc, 0.25N NaHCO,, 1N HNO,, cold H,80, and
distilled water) except per cent K concentration with 1N HNO,,
which was insignificant. Among all K extractants, distilled water
soluble K had high degree of correlation with the K uptake (at Ko}
of groundnut (r= 0.621 **} and found in the following order:

distilled water > 1N NH,OAc > 0.25N NaHCO, > cold H,SO, > 1N HNO,.

Critical limits of soil K extracted by 1N NH,OAc, 0.25N NaHCO,,
1N HNO,, cold H,SO, and distilled water appeared to be 0.36, 0.36
(megq K/100ml soil), 2.16, 0.18 and 0.12 meq K/100g soil
respectively for graphical procedure but for mathematical
procedure, these values were respectively as 0.36, 0.37 (meqg

K/100ml soil), 2.17, 0.18 and 0.12 meq K/100g soil for groundnut.

Results indicated that soils K remained below the critical
limits showed increasing trend of dry matter yield up to the range
of 30 to 45 mg XK kg-! level for all extractants. The dry matter
vield ranged from 11.72 to 15.87 g pot™ when K added from 0 to 60

mg K kg'. But marginal yield increase was observed in soils where
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K values remained above the critical limit and ranged from 15.49 to

18.56 g pot™ with the same amount of added potassium.

Maximum crop response was obtained from 1N NH,OAc followed by
0.25N NaHCO, extractable K since they responded 83 and 76% of the

total soils, respectively.

The efficiency of applied potassium was calculated to test the
reliability of critical limits. Results revealed that maximum
efficiency of applied potassium was observed in soils having K
values below the critical limit but soil having K values above the
critical limit gave low efficiency of applied potassium. In both
the soil levels (i.e., below and above the critical limit) dry
matter yield decreased with increasing K levels. This trend was

equally applicable for all K extractants.

Following the graphical and mathematical procedures, the
values of 1.10 and 1.13%, respectively were found to be the

critical K concentration in groundnut plant for 1N HCl extraction

procedure.

The results of the present investigations may led the

following conclusions:

L. All soil K extractants were found to be useful for estimating
K from the so0il due to their significant and positive

correlation with per cent K concentration (Ko) and K uptake

179



Dhaka University Institutional Repository

(Ko) of crops under study. Among the five extractants, cold
H,S0, was found to be the best in determining the level of soil
K considering the response of wheat. Similarly, 1N NH,OAc for

potato and distilled water for groundnut.

The estimated critical 1limit of soil K using mathematical
procedure were 0.34 meq K/100g soil extracted by cold H,SO, for
wheat, 0.29 meq K/100g soil extracted by 1N NH,OAc for potato
and 0.12 meq K/100g soil extracted by distilled water for
groundnut, while the values of critical K concentration of
wheat, potato and groundnut plant were as 4.04, 6.46 and 1.13%
by HCl extraction procedure. Mathemetical procedure appeared
to be slightly better than the graphical procedure due to

possible human bias in the latter in drawing partition line.

The estimated critical limits either of soil or of plant can
be effectively used by researchers; extensionists or related
policy makers-
to differentiate K responsive soils from the non-
responsive ones;
in working out K fertilizer schedule of different
crops, and

used for rational and judicious K fertilizer management
programme to obtain desired crop yield.
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CHAPTER 7.0

APPENDICES

Analyses of variances for dry matter yield of
wheat grown in net house using soils of thirty

Appendix 7.1.1.

one locations.

(Location-Balashahar)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment 4 8.09150 2.02287 83.96**
Error 10 0.24093 0.02409
Total 14 8.33244
CV = 3.0 %
Appendix 7.1.2. (Location-Sandhabari)
Treatment 4 7.06420 1.76605 12.46**
Error 10 1.41700 0.14170
Total 14 8.48120
&V = 9.8 %
Appendix 7.1.3. (Location-Narhatto)
Treatment 4 3.00737 0.75184 6.56%*
Error 10 1.14640 0.11464
Total 14 4.15377
CV = 8.2 ¥
Appendix 7.1.4. {Location-Natun Shahar)
Treatment 4 117333 0.29333 4.B89%
Errorx 10 0.60000 0.06000
Total 14 1.77333
CV = 6.9 &
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(Location-Nischintapur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 2.38436 0.59609 86.47%%*
Error 10 0.06893 0.00688%

Total 14 2.45329

eV = 1.5 %
Appendix 7.1.6. (Location-Monoharpur)

Treatment 4 0.45057 0.11264 4 _91*
Error 10 0.22920 0.02292

Total 14 0.67977

CV = 4.9 %
Appendix 7.1.7. (Location-Dikshail)

Treatment 4 0.51989 0.12997 3.05 NS
Error 10 0.42626 0.04262

Total 14 0.94616

CV = 6.6 %
Appendix 7.1.8. (Location-Ishapur)

Treatment 4 0.48257 0.12064 21.39**
Error 10 0.05640 0.00564

Total 14 0.53897

CV =2.2 %
Appendix 7.1.9. {Location-Dadpur)

Treatment A 0.41416 0.10354 11.53%*
Exrror 10 0.08980 0.00898

Total 14 0.50396

CV = 2.6 %
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(Location-Rahmatpur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 1.69980 0.42495 50.59%%*
Error 10 0.08400 0.00840

Total 14 1.78380

CV =2.9%
Appendix 7.1.11. (Location-Shahajadpur)

Treatment 4 1.28666 0.32166 5.13%
Error 10 0.62666 0.06266

Total 14 1.91333

CV=6.3%
Appendix 7.1.12. (Location-Baira)

Treatment 4 1.93986 0.484%¢6 11.75%%*
Exrror 10 0.41273 0.04127

Total 14 2.35260

CV =6.3 %
Appendix 7.1.13. (Location-Pali)

Treatment 4 1.95937 0.48984 12.32%*
Error 10 0.39766 0.03976

Total 14 2.35704

CV = 4.8 %
Appendix 7.1.14. (Location-Nazirpur)

Treatment 4 1.79930 0.44982 13 .55%%*
Error 10 0.33206 0.03320

Total 14 213137

CV = 4.4 %
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(Location-South Dhanghara)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment A4 7.59129 1.89782 31.73%%
Error 10 0.59820 0.05982
Total 14 8.18949
V= 5.1 %
Appendix 7.1.16. (Location-Ranochandi)
Treatment 4 3.55457 0.88864 115 57 %X
Error 10 0.76800 0.07680
Total 14 4.32257
CV = 7.0 %
Appendix 7.1.17. (Location-Lalapur)
Treatment 4 4.04400 1.01100 45,.99%*
Error 10 0.22000 0.02200
Total 14 4.26400
CV = 4.2 %
Appendix 7.1.18. (Location-Jatanpukuria)
Treatment 4 0.50266 0.12566 3.85%*
Exrror 10 0.32666 0.03266
Total 14 0.82933
CV = 5.2 %
Appendix 7.1.19. (Location-Daulatpur)
Treatment 4 3. 19837 0.79959 73.1712%*
Error 10 0.10846 0.01084
Total 14 3.30684
CV = 3.3 %
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(Location-Kamorgram)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 1.58956 0.39739 32,31%*
Error 10 0.12300 0.01230

Total 14 1.71256

eV = 3.1 %

Appendix 7.1.21. (Location-Dewashara)

Treatment 4 1.47524 0.36881 30.70Q%%*
Error 10 0.12013 0.01201

Total 14 1..59537

CV = 2.4 %
Appendix 7.1.22. (Location-Vhanga)

Treatment 4 0.87082 0.21770 3.99%
Error 10 0.54573 0.05457

Total 14 1.41656

CV = 6.3 %
Appendix 7.1.23. (Location-Palima)

Treatment 4 0.75602 0.18800 6.08%*
Error 10 0.31073 0.03107

Total 14 1.06676

CV = 4.2 %
Appendix 7.1.24. (Location-Benarpota)

Treatment 4 0.50062 0.12515 21.93*
Error 10 0.05706 0.00570

Total 14 0.55769

CVv = 2.1 %
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{Location-Khazura)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 0.36129 0.09032 4.82%*
Error - 10 0.18720 0.01872

Total 14 0.54849

CV = 3.5 %
Appendix 7.1.26. (Location-Garakhola)

Treatment [ 2.41310 0.60327 23.50%**
Error 10 0.25673 0.02567

Total 14 2.66984

CV =4.9 %
Appendix 7.1.27. {Location-Mogorkhal)

Treatment 4 2.5471e 0.63679 26 .90*%%
Error 10 0.23673 0.02367

Total 14 2.78389

CV =4.9 %
Appendix 7.1.28. (Location-Uttar Char Aicha)

Treatment 4 0.27944 0.06986 1.39 NS
Error 10 0.50213 0.05021

Total 14 0.78157

eV = 8.2 %
Appendix 7.1.29. {Location-Patkhali)

Treatment 4 1.:.01989 0.25497 17.30%%
Error 10 0.14740 0.01474

Total 14 1+16%729

CV = 2.1 %
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Appendix 7.1.30. (Location-Nadmollah)
SOURCE OF DF SUM OF MEAN OBSERVED F
VARTATION SQUARES SQUARES
Treatment 4 1.14022 0.28505 1.51 NS
Error 10 1.88393 0.18839
Total 14 3.02416
CV = 8.4 %
Appendix 7.1.31. (Location-West Jhalakathi)
Treatment 4 1.34564 0.33641 5.99%
Error 10 0.56153 0.05615
Total 14 1.90717
CV = 4.3 %
* = @Significant at 5 % level
** = Significant at 1 % level

NS = Not significant
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Analyses of variances for dry matter yield of

potato grown in net house using soils of
thirty one locations.
Appendix 7.2.1. (Location-Balashahar)
SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment 4 1. 295777 2.98944 41 .28 **
Error 10 0.72420 0.07242
Total 14 1268197
CV =3.3 %
Appendix 7.2.2. (Location-Sandhabari)
Treatment 4 1.639990 0.42497 2.76 NS
Error 10 1.53866 0.15386
Total 14 3..23857
CV = 6.5 %
Appendix 7.2.3. (Location-Narhatto)
Treatment 4 64.44400 16.11100 246 .60%%*
Exrror 10 0.65333 0.06533
Total 14 65.09733
CV = 3.4 %
Appendix 7.2.4. (Location-Natun Shahar)
Treatment A 11.99400 2.99850 31 .07%%
Error 10 0.96500 0.09650
Total 14 12.95900
CV = 5.2 %
Appendix 7.2.5. (Location-Nischintapur)
Treatment 4 20.07600 5.01900 29,79%%
Error 10 1.68500 0.16850
Total 14 21,.76100
CV=5.3%
202




Appendix 7.2.6.

Dhaka University Institutional Repository

(Location-Monoharpur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARTATION SQUARES SQUARES
Treatment 4 2.67004 0.66751 1.38 NS
Error 10 4.84833 0.48483
Total 14 7.51837
CVv = 8.7 %
Appendix 7.2.7. {Location-Dikshail)
Treatment 4 3.58484 0.89621 6.61L%*
Error 10 1-35633 0.13563
Total 14 4.94117
CV =4.8 %
Appendix 7.2.8. (Location-Ishapur)
Treatment 4 4.93576 1.23394 16 .32%=*
Error 10 0.75593 0.07559
Total 14 5.69169
GV = 3.4 %
Appendix 7.2.9. (Location-Dadpur)
Treatment 4 33.59556 8.39889 12, 12&*
Errorx 10 6.92820 0.69282 =
Total 14 40.52376
CV = 6.3 %
Appendix 7.2.10. (Location-Rahmatpur)
Treatment 4 11.53056 2.88264 9.57%*
Error 10 3.01140 0.30114
Total 14 14.54196
CV = 6.0 %
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(Location-Shahajadpur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 8.36196 2.09049 3.34 NS
Error 10 6.25980 0.62598

Total 14 14 .62176

CV = 9.0 %

Appendix 7.2.12. (Location-Baira)

Treatment 4 4.04376 1.01094 85.67%%
Error 10 0.11800 0.01180

Total 14 4.16176

eV = 1.3 %
Appendix 7.2.13. (Location-Pali)

Treatment A 2.74822 0.68705 3.78%*
Error 10 1.81706 0.18170

Total 14 4.56529

CV =6.1 %
Appendix 7.2.14. (Location-Nazirpur)

Treatment 4 1.24926 032231 1.72 NS
Error 10 1.81766 0.18176

Total 14 3.06693

CV =6.3%
Appendix 7.2.15. {(Location-South Dhanghara)

Treatment 4 7.85740 1.96435 14 .65%*
Error 10 1.34040 0.13404

Total 14 9.19780

CV = 4.9 %
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(Location-Ranochandi)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 5413590 1.28397 35.46%%*
Error 10 0.36206 0.03620

Total 14 5.49797

GV = 2.8 %
Appendix 7.2.17. (Location-Lalapur)

Treatment 4 12.22396 3.05599 19.84%*
Exrror 10 1.54053 0.15405

Total 14 13.76449

CV =5.8 %
Appendix 7.2.18. (Location-Jatanpukuria)

Treatment 4 2.14286 0.53571 3.07 NS
Error 10 1.74246 0.17424

Total 14 3.88533

CV =7.0 %
Appendix 7.2.19. {(Location-Daulatpur)

Treatment 4 5.39782 1.34945 16 79%*
Error 10 0.80386 0.08038

Total 14 6.20169

CV = 3.9 %
Appendix 7.2.20. (Location-Kamorgram)

Treatment 4 7.78117 1.94529 33.44**
Errorx 10 0.58180 0.05818

Total 14 8.36297

CV = 3.1 %
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{Location-Dewashara)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARTIATION SQUARES SQUARES
Treatment 4 32.27093 8.06773 485 .42%%
Error 10 0.16620 0.01662
Total 14 32.43713
CV = 1.6 %
Appendix 7.2.22. {Location-Vhanga)
Treatment 4 24 .69817 6.17454 14 .82*%*
Error 10 4.1652¢6 0.41652
Total 14 28.86344
CV = 6.4 %
Appendix 7.2.23. (Location-pPalima)
Treatment 4 1.46142 0.36535 14, 97%*
Error 10 0.24406 0.02440
Total 14 1.70549
CV =2.8%
Appendix 7.2.24. (Location-Benarpota)
Treatment a4 0.39869 0.09967 3.87*
Error 10 0.25780 0.02578
Total 14 0.65649
CV = 2.5 %
Appendix 7.2.25. {Location-Khazura)
Treatment < 2.29596 05897399 5.92*
Error 10 0.96880 0.09688
Total 14 3.26476
CV = 4.5 %
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{Location-Garakhola)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment a 1.28304 0.32076 < 1
Exrror 10 3.25753 0.32575

Total 14 4.54057

CV = 6.8 %
Appendix 7.2.27. (Location-Mogorkhal)

Treatment 4 5.40184 1.35046 7.42%%
Error 10 1.82100 0.18210

Total 14 7.22284

CV = 6.4 %
Appendix 7.2.28. {Location-Uttar Char Aicha)

Treatment 4 1.20202 0.30050 2.65 NS
Error 10 1.13558 0.11355

Total 14 233756

CV = 4.6 %
Appendix 7.2.29. {Location-Patkhali)

Treatment &8 4.22170 1.05542 16.56**
Error 10 0.63746 0.06374

Total 14 4.85917

CV = 2.4 %
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L Appendix 7.2.30. (Location-Nadmollah)
' SOURCE OF DF SUM OF MEAN OBSERVED F
| VARIATION SQUARES SQUARES
\ Treatment & 6.39509 159877 16.84*%*
Error 10 0.94386 0.09438
’ Total 14 7.33896
‘ CV = 3.7 %
Appendix 7.2.31. {Location-West Jhalakathi)
Treatment 4 3.34957 0.83739 33.22%%*
Error 10 0.25206 0.02520
) Total 14 3.60164
.~
CV =2.0%
, * = Gignificant at 5 % level
** = Significant at 1 % level
+ NS = Not significant
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Analyses of variances for dry matter yield of
groundnut grown in net house using soils of
twenty nine locations.

(Location-Balashahar)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment ! 17.50400 4.37600 l16.09%*
Error 10 2.72000 0.27200
Total 14 20.22400
CV = 4.5 %
Appendix 7.3.2. (Location-Sandhabari)
Treatment 4 28.54396 7.13599 24 . 37**
Error 10 2.92820 0.29282
Total 14 31.47216
CV = 4.3 %
Appendix 7.3.3. (Location-Narhatto)
Treatment 4 3.31508% 0.82877 3.47 NS
Error 10 2.38540 0.23854
Total 14 5.70049
CV = 5.3 %
Appendix 7.3.4. (Location-Natun Shahar)
Treatment 4 3.18502 0.79625 7.31%*
Error 10 1.08926 0.10892
Total 14 4.27429
CV = 4.3 %
Appendix 7.3.5. {Location-Nischintapur)
Treatment 4 33.25733 8.31433 46 .19%*
Error 10 1.80000 0.18000
Total 14 3505733
€V = 3.3 %

209



Appendix 7.3.6.

Dhaka University Institutional Repository

{Location-Monoharpur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment a 17.77066 4.44266 9.69%%
Error 10 4.58666 0.45866
Total 14 22.35733
€V = 3.1 %
Appendix 7.3.7. (Location-Dikshail)
Treatment & 25.60933 6.40233 10.42%%*
Error 10 6.14666 0.61466
Total 14 3175600
CV = 3.2 %
Appendix 7.3.9. {Location-Dadpur)
Treatment 4 70.63957 17.65989 45, 87**
Error 10 3.84960 0.3843%6
Total 14 74.48917
CV = 2.6 %
Appendix 7.3.10. (Location-Rahmatpur)
Treatment & 21.38666 5.34666 12 .23 %%
Error 10 4.37333 0.43733
Total 14 25.76000
eV =35 %
Appendix 7.3.11. {Location-Shahajadpur)
Treatment 4 8.86933 2+:21733 10.95*%
Error 10 2.02500 0.20250
Total 14 10.89433
eV = 2:8 %
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{Location-Baira)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARTIATION SQUARES SQUARES

Treatment 4 29.04666 7.26166 18.98%%
Error 10 3.82666 0.38266

Total 14 32.87333

N =2.7%
Appendix 7.3.13. (Location-Pali)

Treatment 4 25.23400 6.30850 18.69%*
Error 10 3.37500 0.33750

Total 14 28.60900

CV = 2.8 %
Appendix 7.3.14. (Location-Nazirpur)

Treatment 4 18.85216 4.71304 17.65*%%
Error 10 2.67073 0.26707

Total 14 21.52289

CV =2:7%
Appendix 7.3.16. (Location-Ranochandi)

Treatment 4 25.63989 6.40997 26 . 52%%
Error 10 2.41706 0.24170

Total 14 28.05696

CV = 2.5 %
Appendix 7.3.17. (Location-Lalapur)

Treatment a 17.83770 4.45942 39.66%%
Error 10 1.12433 0.11243

Total 14 18.96204

CV = 3.4 %
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(Location-Jatanpukuria)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 15.61550 3.90387 8.72%%
Error 10 4.47793 0.44779

Total 14 20.09344

CV =6.9 %

Appendix 7.3.19. {Location-Daulatpur)

Treatment 4 25.55066 6.38766 30.9]1*x*
Error 10 2.06666 0.20666

Total 14 27.61733

CV = 2.3 %
Appendix 7.3.20. (Location-Kamorgram)

Treatment 4 10.34073 2.58518 6.69%%
Error 10 3.86360 0.38636

Total 14 14.20433

CV = 4.4 %
Appendix 7.3.21. {Location-Dewashara)

Treatment a 29.52593 7.38148 18.79%%
Exrror 10 3.92906 0.39290

Total 14 33.45500

CV = 3.9 %
Appendix 7.3.22. {Location-Vhanga)

Treatment 4 13.58700 3.39675 42 .46%*
Error 10 0,.79993 0.07999

Total 14 14.38693

CVe=1.9 %
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Appendix 7.3.23.

Dhaka University Institutional Repository

(Location-Palima)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 23.27540 5.81885 12.81%~*
Error 10 4.54220 0.45422

Total 14 27.81760

CV = 4.0 %
Appendix 7.3.24. (Location-Benarpota}

Treatment 4 14.50606 3.62651 9.29%*
Error 10 3.80393 0.35039

Total 14 18.41000

CV = 4.0 %
Appendix 7.3.25. {Location-Khazura)

Treatment 4 16.55676 4,13919 14 .20%*
Error 10 2.91520 0.29152

Total 14 19.47196

CV = 3.4 %
Appendix 7.3.26. (Location~Garakhola)

Treatment 4 15.32342 3.83085 18.10%*
Error 10 2.11686 0.21168

Total 14 17.44029

CV = 3.7 %
Appendix 7.3.27. {Location-Mogorkhal)

Treatment 4 23.16156 5.79039 21.70%%
Error 10 2.66780 0.26678

Total 14 25.82936

CV = 3.7 %
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Appendix 7.3.28.

Dhaka University Institutional Rep

ository

(Location-Uttar Char Aicha)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment 4 18.29273 4.57318 18.46%*
Error 10 2.35046 0.23504
Total 14 20.64320
CV = 5.6 &
Appendix 7.3.29. {(Location-Patkhali)
Treatment £ 2.76056 0.69014 2.02 NS
Error 10 3.41233 0.34123
Total 14 6.17289
CV =4.2 %
Appendix 7.3.30. (Location-Nadmollah}
Treatment 4 2.24022 0.56005 1.90 NS
Error 10 2.94553 0.29455
Total 14 5.18576
CV = 4.0 %
Appendix 7.3.31. {(Location-West Jhalakathi)
Treatment 4 4.30102 1.07525 4.64%
Error 10 2.31826 0.23182
Total 14 6.61929
CV = 3.9 %
* = Significant at 5 % level
** = Significant at 1 % level
NS = Not significant
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Analyses of variances for per cent K
concentration in wheat plant grown in net

Appendix : 7.4.

Appendix 7.4.1.

house using soils of thirty one locations.

{Location-Balashahar)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 18.53004 4,63251 2895 .32%%
Error 10 0.01600 0.00160

Total 14 18.54604

CV = 0.8 %

Appendix 7.4.2. (Location-Sandhabari)

Treatment 4 6.00576 1.50144 1364 ,.95%%*
Error 10 0.01100 0.00110

Total 14 6.01676

CV = 0.7 %
Appendix 7.4.3. (Location-Narhatto)

Treatment 4 38.92680 9.73170 11315.93*%*
Error 10 0.00860 0.00086

Total 14 38.93540

CV = 0.5 %
Appendix 7.4.4. (Location-Natun Shahar)

Treatment 4 20.98176 5.24544 1821 .33%*
Error 10 0.02880 0.00288

Total 14 21.01056

CV = 0.9 %
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Appendix 7.4.5.

Dhaka University Institutional Repository

(Location-Nischintapur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARTATION SQUARES SQUARES
Treatment 4 24 .56076 6.14019 9029.69%*
Error 10 0.00680 0.00068
Total 14 24 .56756
CV = 0.4 %
Appendix 7.4.6. {(Location-Monoharpur)
Treatment 4 8.04840 2.01210 1622 .66%*
Error 10 0.01240 0.00124
Total 14 8.06080
CV =0.7 %
Appendix 7.4.7. (Location-Dikshail)
Treatment a1 11.71446 2.92861 223 .44**
Error 10 0.13106 0.01310
Total 14 11.84553
eV = L.7 %
Appendix 7.4.8. (Location-Ishapur)
Treatment 4 8.17680 2.04420 1703 .50*%*
Error 10 0.01200 0.00120
Total 14 8.18880
CV = 0.5 %
Appendix 7.4.9. {Location-Dadpur)
Treatment 4 7.57350 1.89337 24 .94 %%
Error 10 0.75926 0.07592
Total 14 8.33277
CV = 4.1 %
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Appendix 7.4.10.

Dhaka University Institutional Repository

(Location-Rahmatpur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATICN SQUARES SQUARES

Treatment 4 7.99644 1.99911 1723 .37%%
Error 10 0.01160 0.00116

Total 14 8.00804

CV = 0.6 %
Appendix 7.4.11. {Location-Shahajadpur)

Treatment 4 11.55804 2.88951 5350.,94%*%
Error 10 0.00540 0.00054

Total 14 11.56344

CV =10.4 %
Appendix 7.4.12. (Location-Baira)

Treatment 4 3.71784 0.929%46 101.0.28%%
Error 10 0.00920 0.00092

Total 14 3.72704

CV = 0.5 %
Appendix 7.4.13. (Location-Pali)

Treatment 4 8.31442 2.07860 7.65%%
Error 10 2.71606 0.27160

Total 14 11.03049

CV = 7.7 %
Appendix 7.1.14. (Location-Nazirpur)

Treatment 4 5.66376 1.41594 919.44%%
Error 10 0.01540 0.00154

Total 14 5.67916

CV = 0.6 %
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Appendix 7.4.15.

Dhaka University Institutional Repository

{Location-South Dhanghara)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 35.05044 8.76261 1553 . 9(7**
Error 10 0.01160 0.00116

Total 14 35.06204

Cv = 0.5 %
Appendix 7.4.16. {(Location-Ranochandi}

Treatment 4 6.02004 1.50501 2150.01**
Error 10 0.00700 0.00070

Total 14 6.02704

CV = 0.5 %
Appendix 7.4.17. (Location-Lalapur}

Treatment 4 75753776 1.93794 6056 .06**
Error 10 0.00320 0.00032

Total 14 7.75496

CV = 0.5 %
Appendix 7.4.18. {Location-Jatanpukuria)

Treatment 4 21.00144 5.25036 10096 .85*%*
Error 10 0.00520 0.00052

Total 14 21.00664

CV = 0.4 %
Appendix 7.4.19. (Location-Daulatpur)

Treatment 4 9.38544 2.34636 3555 09%*%
Error 10 0.00660 0.00066

Total 14 9.39204

CV = 0.5 %
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Appendix 7.4.20.

Dhaka University Institutional Repository

(Location-Kamorgram)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 8.26716 2.06679 807.34%%
Error 10 0.02560 0.00256

Total 14 8.29276

CV = 0.8 %
Appendix 7.4.21. (Location-Dewashara)

Treatment 4 23.12916 5.78229 14455.72%%
Error 10 0.00400 0.00040

Total 14 2313316

CV = 0.4 %

Appendix 7.4.22. (Location-Vhanga)

Treatment B 8.70722 2.17680 1898.38%+*
Error 10 0.01146 0.00114

Total 14 8.71869

CV = 0.5 %
Appendix 7.4.23. (Location-Palima)

Treatment 4 8.10276 2.02569 1776 .92%%
Error 10 0.01140 0.00114

Total 14 8.11416

CV = 0.6 %

Appendix 7.4.24. {Location-Benarpota)

Treatment B 4.07630 1.01907 710.98%%*
Error 10 0.01433 0.00143

Total 14 4.02064

CV = 0.6 %
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Appendix 7.4.25.

Dhaka University Institutional Repository

(Location-Khazura)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 2.64166 0.66041 13.26%*
Error 10 0.49806 0.04980

Total 14 3. 1-3973

CV = 4.6 %
Appendix 7.4.26. {Location-Garakhola;

Treatment £ 10.26636 2.56659 2916 .58%%
Error 10 0.00880 0.00088

Total 14 10.27516

CV = 0.5 %
Appendix 7.4.27. (Location-Mogorkhal)

Treatment 4 13.44384 3.36096 6224 ,00**
Error 10 0.00540 0.00054

Total 14 13.44924

vV = 0.5 %

Appendix 7.4.28. (Location-Uttar Char Aicha)

Treatment 4 4,19844 1.04961 1.82 NS
Error 10 5.76940 0.57694

Total 14 9.96784

CV =15.2 %

Appendix 7.4.29. (Location-Patkhali!

Treatment 4 16.55436 4.13859 1738 .90%*
Error 10 0.02380 0.00238

Total 14 16.57816

CV = 0.7 %
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Appendix 7.4.30.

Dhaka University Institutional Repository

{Location-Nadmollah)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment 4 11.93270 2.98317 2062,10**
Error 10 0.01446 0.00144
Total 14 11.54717
CV = 0.6 %
Appendix 7.4.31. (Location-West Jhalakathi)
Treatment 4 3.14844 0.78711 1357.09%%*
Exrror 10 0.005890 0.00058
Total 14 3.15424
CV = 0.4 %
* = Gignificant at 5 % level
** = Significant at 1 % level

NS

Not significant
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Appendix T 5 Analyses of variances for per cent K
cencentration in potato plant grown in net
house using soils of thirty one locations.

Appendix 7.5.1. (Location-Balashahar)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 8.65416 2.16354 6363 .35%%
Error 10 0.00340 0.00034

Total 14 8.65756

Cv = 0.30 %

Appendix 7.5.2. (Location-Sandhabari)

Treatment < 2.37504 0.59376 < 1
Error 10 6.12440 0.61244

Total 14 8.49944

CV = 14.9 %

Appendix 7.5.3. (Location-Narhatto)

Treatment B 2.94276 0.73569 3344 .05%%*
Error 10 0.00220 0.00022

Total 14 2.94496

CV = 0.2 %

Appendix 7.5.4. {Location-Natun Shahar)

Treatment 4 17.93244 4.48311 131.85.62%*
Error 10 0.00340 0.00034

Total 14 17.93584

CV =0.2 %
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Appendix 7.5.5.

Dhaka University Institutional Repository

(Location-Nischintapur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment 4 12.33516 3.08379 5316.88*%
Error 10 0.00580 0.00058
Total 14 12.34096
BV = Qu2 %
Appendix 7.5.6. (Location-Moncharpur)
Treatment 2 24.31344 6.07836 7997 .84%*
Error 10 0.00760 0.00076
Total 14 24.32104
CV =0.2 %
Appendix 7.5.7. (Location-Dikshail;
Treatment 4 7.53744 1.88413¢6 4958.84*+*
Error 10 0.00380 0.00038
Total 14 7.54124
CV = 0.2 %
Appendix 7.5.8. (Location-Ishapur)
Treatment 4 8.86536 2.21634 10074 .27*%*
Error 10 0.00220 0.00022
Total 14 8.86756
CV = 0:2 %
Appendix 7.5.9. (Location-Dadpur)
Treatment 4 14.43804 3.60951 50233 324kt
Error 10 0.00720 0.00072
Total 14 14.44524
CV = 0.2 %
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Appendix 7.5.10.

Dhaka University Institutional Repository

(Location-Rahmatpur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment 4 11.05044 2.76261 3733.26%%
Error 10 0.00740 0.00074
Total 14 11.05784
CV = 0.4 %
Appendix 7.5.11. {Location-Shahajadpur)
Treatment e 14.44550 3.61137 T7420.64%*%
Error 10 0.00486 0.00048
Total 14 14.54037
CV = 0.4 %
Appendix 7.5.12. (Location-Baira)
Treatment 4 9.13944 2.28486 3685.26%*
Error 10 0.00620 0.00062
Total 14 9.14564
CV = 0.3 %
Appendix 7.5.13. {Location-Pali)
Treatment 4 8.03544 2.00886 4185.13*%*
Exrror 10 0.00480 0.00048
Total 14 8.04024
eV = 0.3%
Appendix 7.5.14. (Location-Nazirpur)
Treatment 4 17 . 29776 4.32444 6552.18%%*
Error 10 0.00660 0.00066
Total 14 17.30436
CvV = 0.2 %
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Appendix 7.5.15.

Dhaka University Institutional Repository

(Location-South Dhanghara)

SQURCE OF DF SUM OF MEAN OBSERVED F
VARTATION SQUARES SQUARES

Treatment 4 11.37180 2.84295 2961 .41%%
Error 10 0.00960 0.000986

Total 14 11.38140

Cv = 0.4 %

Appendix 7.5.16. {Location-Ranochandi)

Treatment 4 22.54176 5.63544 6552.84*%*
Error 10 0.00860 0.00086

Total 14 22,55036

CvV = 0.3 %
Appendix 7.5.17. (Location-Lalapur)

Treatment 4 11.67984 2.91996 2807 .65%%*
Error 10 0.01040 0.00104

Total 14 11.69024

CV = 0.4 %
Appendix 7.5.18. (Location-Jatanpukuria)

Treatment 4 13.89180 3.47295 48.23.54%*%*
Error 10 0.00720 0.00072

Total 14 13.89900

CV = 0.5 %
Appendix 7.5.19. (Location-Daulatpur)

Treatment 4 18.37810 4.59452 60.67*%*
Error 10 0.75726 O U572

Total 14 1913537

CV = 3.6 %
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Appendix 7.5.20. (Location-Kamorgram)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 5.95176 1.48794 1260.97**
Error 10 0.01180 0.00118

Total 14 5.96356

CV =0.5 %
Appendix 7.5.21. (Location-Dewashara)

Treatment 4 32.03544 8.00886 8898 .,73**
Error 10 0.00900 0.00090

Total 14 32.04444

NV = 0.3 %
Appendix 7.5.22. (Location-Vhanga)

Treatment 4 26.71044 6.67761 7588.19*%*
Error 10 0.00880 0.00088

Total 14 26.71924

CV = 0.3 %
Appendix 7.5.23. (Location-Palima)

Treatment o 6.03636 1.50909 5030.30*%*
Error 10 0.00300 0.00030

Total 14 6.03836

CV = 0.3 %
Appendix 7.5.24. {Location-Benarpota)

Treatment 4 11.78844 2.94711 2728.81*%
Error 10 0.01080 0.00108

Total 14 11.79924

CV = 0.3 %
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Appendix 7.5.25.

Dhaka University Institutional Repository

{Location-Khazura)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARTIATION SQUARES SQUARES
Treatment 4 6.66444 1.66611 2082 .64%*
Error 10 0.00800 0.00080
Total 14 6.67244
€V = 0.5 %
Appendix 7.5.26. (Location-Garakhola)
Treatment < 9.65976 2.41494 1271 .02%%
Error 10 001200 0.00190
Total 14 9.67876
Cv = 0.5 %
Appendix 7.5.27. (Location-Mogorkhal}
Treatment 4 21.75744 5.43936 7554 .67%%
Error 10 0.00720 0.00072
Total 14 21.76464
CV = 0.5 %
Appendix 7.5.28. (Location-Uttar Char Aicha)
Treatment & 1.83900 0.45975 160.75%%*
Error 10 0.02860 0.00286
Total 14 1.86760
CV = 0.7 %
Appendix 7.5.29. {Location-Patkhali)
Treatment 1 6.00000 1.50000 551 .47%*
Error 10 0.02720 0.00272
Total 14 6.02720
€V = 0.7 %
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Appendix 7.5.30.

Dhaka University Institutional Repository

(Location-Nadmollah)

SCURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment A 23.53104 5.88276 1500.70**
Error 10 0.03920 0.00392

Total 14

CV = 0.5 %
Appendix 7.5.31. {Location-West Jhalakathi)

Treatment 4 2.43876 0.60969 622.13%*%*
Error 10 0.00980 0.00098

Total 14 2.44856

GV = 0.3 %

* = Significant at 5 % level

** = Significant at 1 % level

NS = Not significant
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Appendix : 7.6.

Appendix 7.6.1.

Dhaka University Institutional Repository

Analyses of variances for per cent K
concentration in groundnut plant grown in net

house using soils of twenty nine locations.

(Location-Balashahar)

SQURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment 4 5.96316 1.49079 4384 .68*%*
Error 10 0.00340 0.00034
Total 14 5.96656
CV = 0.8 %
Appendix 7.6.2. (Location-Sandhabari}
Treatment 4 2.39844 0.59961 1998.70**
Error 10 0.00300 0.00030
Total 14 2.40144
CV = 0.8 %
Appendix 7.6.3. (Location-Narhatto)
Treatment 4 2.13504 0.53376 988 .44%%
Error 10 0.00540 0.00054
Total 14 2.14044
CV = 0.6 %
Appendix 7.6.4. (Location-Natun Shahar)
Treatment 4 6.19644 1.54911 2093 .39%%
Error 10 0.00740 0.00074
Total 14 6.20384
CV = 0.9 %
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Appendix 7.6.5.

Dhaka University Institutional Repository

(Location-Nischintapur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 5.66544 1.41636 2.41 NS
Error 10 5.88260 0.58826

Total 14 11.58804

CV =19.4 %
Appendix 7.6.6. (Location-Moncharpur)

Treatment & 6.54144 1.63536 5110.5Q0%*
Error 10 0.00320 0.00032

Total 14 6.54464

CV = 0.8 %

Appendix 7.6.7. {Location-Dikshail)

Treatment 4 1125780 2.81445 46807.50%%
Error 10 0.00060 0.00006

Total 14 11.25840

CV = 0.3 %
Appendix 7.6.9. {Location-Dadpur)

Treatment a 1.02204 0.25551 751.50%*
Error 10 0.00340 0.00034

Total 14 1.02544

Cv = 0.6 %
Appendix 7.6.10. (Location-Rahmatpur)

Treatment 4 1.58496 0.39624 825,50*»
Error 10 0.00480 0.00048

Total 14 1.589%6

CV = 0.8 %
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Appendix 7.6.11.

Dhaka University Institutional Repository

(Location-Shahajadpur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES
Treatment a 1.53840 0.38460 1373 .57T%*
Error 10 0.00280 0.00028
Total 14 1.54120
CV = 1.1 %
Appendix 7.6.12. (Location-Baira)
Treatment a 0.39444 0.09861 308.16**
Error 10 0.00320 0.00032
Total 14 0.39764
eV = 1.5 %
Appendix 7.6.13. (Location-Pali)
Treatment a 0.79884 0.19971 384.06%*
Error 10 0.00520 0.00052
Total 14 0.80404
CV=0.9%
Appendix 7.6.14. {Location-Nazirpur)
Treatment 4 2.25276 0.56319 1340.93%*
Error 10 0.00420 0.00042
Total 14 225696
CV = 0.6 %
Appendix 7.6.16. (Location-Ranochandi)
Treatment 4 0.94644 0.23661 695.91*%%
Error 10 0.00340 0.00034
Total 14 0.94984
€V =0.7 %
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Appendix 7.6.17.

Dhaka University Institutional Repository

(Location-Lalapur)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 0.63444 0.15861 720 .95%%
Error 10 0.00220 0.00022

Total 14 0.63664

CV = 0.9 %
Appendix 7.6.18. (Location-Jatanpukuria)

Treatment 4 1.41276 0.35319 2207.44%*
Error 10 0.00160 0.00016

Total 14 1.41436

CV =1.0%
Appendix 7.6.19. {Location-Daulatpur)

Treatment a 0.39444 0.09861 4930.50%*
Error 10 0.00020 0.00002

Total 14 0.39%464

CV = 0.3 %
Appendix 7.6.20. (Location-Kamoxrgram)

Treatment 4 6.72276 1.68059 1714 .99*%*
Error 10 0.00980 0.00098

Total 14 6.73256

CV =1.1 %
Appendix 7.6.21 (Location-Dewashara)

Treatment E 1.00116 0.25029 59593 %%
Exror 10 0.00420 0.00042

Total 14 1.00536

GV = 1.5 %
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Appendix 7.6.22.

Dhaka University Institutional Repository

(Location-Vhanga)

SQURCE COF DF SUM OF MEAN OBSERVED F
VARIATION SQUARES SQUARES

Treatment 4 5.30110 1:32527 4.81*%
Error 10 2.75706 0.27570

Total 14 8.05817

CV =17.6 %
Appendix 7.6.23. (Location-Palima)

Treatment 4 0.47904 0.11976 92.12%%
Error 10 0.01300 0.00130

Total 14 0.49204

CV =1.5 %
Appendix 7.6.24. {(Location-Benarpota}

Treatment 4 0.06840 0.01710 15.55+%
Exrror 10 0.01100 0.00110

Total 14 0.07940

CV=20.9%
Appendix 7.6.25. (Location-Khazura)

Treatment ! 1.87006 0.46751 11.94+~*
Error 10 0.39146 0.03914

Total 14 2.26153

CvV =10.0 %
Appendix 7.6.26. (Location-Garakhola)

Treatment 4 1.28844 0.32211 328.68%*
Error 10 0.00980 0.00098

Total 14 1.29824

GV = 0.7 %
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Appendix 7.6.27.

Dhaka University Institutional Repository

(Location-Mogorkhal)

SOURCE OF DF SUM OF MEAN OBSERVED F
VARTATION SQUARES SQUARES

Treatment 4 0.48180 0.12045 177 .13%%
Error 10 0.00680 0.00068

Total 14 0.48860

CvV = 2.0 %

Appendix 7.6.28. {Location-Uttar Char Aicha)

Treatment 4 1.03836 0.25959 68.31%*
Error 10 0.03800 0.00380

Total 14 1.07636

CV =1.8%

Appendix 7.6.28. (Location-Patkhali)

Treatment 4 0.55680 0.13920 154 .67**
Error 10 0.00900 0.00080

Total 14 0.56580

CV =1.2 %
Appendix 7.6.30. (Location-Nadmollah)

Treatment 4 2.27844 0.56961 38.49%%
Error 10 0.14800 0.01480

Total 14 2.42644

CV = 2.2 %
Appendix 7.6.31. (Location-West Jhalakathi)

Treatment 4 16.48810 4.12202 6.34%%
Error 10 6.5024¢6 0.65024

Total 14 22.9905i7

CV =12.2 %

* = Significant at 5 % level, ** = Significant at 1 % level,

NS = Not significant
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Appendix 7.7. Acreage and production of wheat, potato and
groundnut during 1989-90 to 1993-94 (BBS., 1995).

Year Wheat Potato Groundnut

Area Produc- | Area Produc- Area Produc-

(‘000 tion (000 tion (000 tion

acres) (‘000 M | acres) (*000 M | acres) (000 M

tons) tons) tons)

1989-90 63 890 288 1066 95 41
1990-91 1480 1004 306 1237 95 41
1991-~-92 1420 1065 311 1366 96 42
1992-93 1574 1176 320 1384 88 39
1993-94 1520 1131 324 1438 88 41

Appendix 7.8. Major sources of potassium fertilizer (PPIC., 1989)

Fertilizer Formula % K Colour
material

Potassium KCl 60-62 Pink, grey or
chloride white
Potassium K,SO, 50-53 White
sulphate

Potassium KNO, 44-46 White
nitrate

Potagsium K,S0,.MgS0, 22 White
magnesium

sulphate
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