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INTRODUCTION

Coconut  palm is a versat i le  plant  which is valued in the national  

economy as an importan t  source of  vege tab le  oil and fibre. India is the third 

largest  coconut  producing country in the  world  contr ibuting 18 per cent  of the 

global nut  production. The annual product ion is 6404 million nuts from an area 

of 1.23 mil l ion hectares. Among the  fruit  and plantat ion crops, coconut  is the 

Kalpavriksha, the tree which provides food, drink and shelte r  for human beings, 

as well  as raw mater ials for  industries.

The coconut  palm removes large quanti ties of  nutrients from the 

soil continuously. Coconut  palm is a heavy consumer of potassium. Of the 

primary nutrients,  potassium has been found to be the most  important  for 

c o c o n u t  T he  beneficial  effect  of potassium as ref lected in the increase in y ie ld  

and quality of coconut  has been reported by several workers.  Coconut  is 

general ly cult ivated in acid later ile  soils wilta low available potassium c o n te n t  

These soils are dominated with Kaolinit ic  clay mineral which have no 

in ter la t tice binding sites for potassium and hence available K content  is low. 

The potassium reserves of soils dominant  in kaolinite  cannot  be sufficient  for 

crop production and hence continuous K fert i lizat ion may be  recommended for 

coconut. For potassium ferti lizers, India depends entirely on import  using 

scarce foreign exchange. Thus it is very essentia l  to maximise  the eff icient  use 

of these ferti lizers and save foreign exchange.

Understanding the dynamics of potassium in the soil w i l l  help to 

optimise the use of K fert i lizer which is very much essential Tor maximising 

coconut  yield.



A  long term fert i l izer  experiment  in coconut  w ith  3 levels of N,P 

and K in 27 combinations applied  continuously over 25 years,  possibly gives 

the  ideal experimental  material  to investigate  the dynamics of potassium. 

Thus, samples were derived from such an experiment  in Coconut  Research 

Station, Balaramapuram. The study under repor t  was carried out  with the 

following objectives.

1. Investigations on the variation in availabili ty  of soil potassium to 

growing coconu t  palms after  25 years of continuous nutrition, through 

the Quantity/Intensi ty  c o n c e p t

2. Development  of mathematical  models to expla in  y ie ld  response  of 

coconut  in relation to potassium availability and soil properties.
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REVIEW OF LITERATURE

Potassium is one of the most  s tudied elements among the plant  

nutrients. Potassium nutrition assumes s ignif icance in crop production usually 

when higher y ields are targetted. However,  in the tropics where  coconut  palms 

are grown, the soils are generally defic ient  or low in potassium, thus limiting 

coconut  yields.  Research output  on the behaviour  of potassium in the soils 

with respect  to chemical  fractions and their  interact ions,  in the context of 

coconut nutrit ion are scanned and the review is presented here  under.

2.1. Potassium Nutrition of  coconut palms

Potassium is a dominant  nutr ient  for coconut. Reports from all 

over  the coconut  growing countries suggest  that  the yield increases obtained by 

potassium application were outstanding.  One of the  limiting factors in the 

economic production of coconut, in most  of the  coconut  growing areas of the 

world  is the deficiency of  K, which is mainly a t t r ibuted  to the low K supplying 

capacity of coconut  growing soils.

2.1.1.  Benefits  from potassium nutrition of Coconut

Potassium application has favourably influenced coconut  

production as well  as soil heal th under various cropping situat ions. Potassium 

was found to increase  leaf area, leaf  colour, frond length, number of leaves, 

he ight  and girth of palm, number  of female flowers, nut  set, number and size of 

nuts, nut  w eigh t  and y ie ld  of copra  (Uexkull,  1971; Muliyar  and Nelliat,  1971;



Pushpangadan, 1985; Nair  ct al., 1988; Singh and Mishra, 1991 and 

Prabhakumari,  1992).,

Improvement  in leaf angle, albumin content  of nuts etc. are also 

reported (Uexkull,  1971; Margate et al., 1979).

Potassium could reduce the pre-bearing age of palms and folia r  

yellowing (Muliyar  and Nelliat,  1971; Thampan, 1984).

2.1.2. F u n c t io n s  o f  p o tas s ium

Potassium is important  in metabolism of coconut  palms by exerting 

its influence through drought  res is tance funct ion by accelerating the 

movements of s tomata  (Uexkull,  1972; Manciot  et al., 1979; Ollagnier, 1985). 

I t  is also important  in activating enzymes, in the transport  of metabolites and in 

cell divis ion (Manicot  et al., 1979).

The major functions of potassium in plants can be summarised as 

follows. (Beringer, 1978; FAO, 1984, Mengel and Kirkby, 1987).

(i) act ivation of  a number  of enzymes (about 60) involved in

photosynthesis, metabolism of  carbohydrates and proteins.

(ii) assistance in the synthesis and translocation of carbohydrates,  protein

synthesis , membrane permeabil ity, stomatal regulation and water 

utilisation.

(iii) improved ut il ization of N.



(iv) improved util isa tion of sunl ight  during cool and cloudy periods.

(v) enhanced resistance to withstand pests, diseases and stresses such as

those created by drought, salinity, sodicity etc.

(vi) improved crop quali ty in addition to y ield  increase.

2 .1 .3 .  Def ic i ency  s y m p t o m s  oT potass ium in coconut

A tall coconut  is likely to suffer from potassium deficiency if the 

potassium content"? of leaflets in frond 14 falls below 0.8% of dry matter  

(Manciot  et al., 1979).

Nel l ia t  (1978) reported K deficiency symptoms of coconuts as 

chlorosis, leaf  scorch, poor crowns and shor t  fronds.

Uexkull  (1983) has also described the deficiency symptoms of

potassium in coconut. Visual symptoms f irs t  appear on older leaves. LLarly 

symptoms are oily looking,  ol ive yellow spots on both sides of midrib. As the 

deficiency intensifies  the spots grow larger, turn ye l lower  and develop rusty 

spots in the centre. Leaf  tips and margins show symptoms of ye l lowing that  is 

soon followed by necrosis. Fronds are often droopy, especially when N is in 

excess. Nuts from K-defic ient  trees are  small both in size and number.

Ouvrier  (1985) reported that the K deficiency symptom is

characterised by yellowing,  particularly of the centre  of the crown, possibly as 

a consequence of enzymatic  disfunction in leaves and drying of the leaves at 

the  base  because  of inadequate  water  supply.



production and marketing costs d ic ta te  its eff ic ient  use. Understanding the 

relationships of K with cultural and management practices is essential  for 

increasing the potassium use efficiency.

Zil ler and Prevot  (1962) observed that  by the addit ion of 1.5 kg 

muriate  of potash resulted in a 62% increase in the yield of nuts. Magat et at. 

(1975) reported  tha t  by the application of 1.66 kg KC1, resulted in 25 more 

nuts/ tree/year  than control. Suinbak (1976) est imated an annual yield 

increment  of 0.3 and-0.38 ton/ha by the application of 1 and 2 kg KC1 per  palm 

respectively.

Reducing potential  K + loss through leaching is especial ly cri tical  

on coarse  textured, well  drained soils in areas of high rainfall.  These soils 

usually have low amounts of available  K + and require large amounts of  added 

K + for maximum yields, making efficiency of use particularly important. 

Liming acid soils cau reduce the leaching of  exchangeable  K +. Liming 

improves K + retention by increasing the effective cation exchange capacity of 

acid soils and by increasing the amount  of Ca 2  + on the exchange complex. 

Substitut ion of K + for  Ca2+ is easier  than for H + or Al3+, which dominate  the 

exchange sites of acid soils (Munson and Nelson, 1963).

Ollagnier (1985) reported that drought  reduces the efficiency of K 

ferti lizers in coconut. Responses in ir r igated trials of coconut  were  much 

smaller  than was to be expected in view of K levels since, irrigation cancels the 

water  deficits,  the effect  of K is nil because there is no longer  any need to 

regulate stomatal  opening. In non-irrigated soils,  KC1 exerts its influence 

through drought  res is tance function and is involved in stomatal  closure.



2.1.4. Potassium upLake and partit ioning by coconut palms

Coconut  palm is a heavy consumer of K. Pillai and Davis (1963) 

reported that  in sandy soils of average fertility, typical of the West Coast  of 

India, coconut  palms removed annually 34.2  kg K20  per acre of 70 trees.

Potassium uptake by the different  components of high yielding 

hybrid coconuts (138 bearing trees y ielding 6700 kg of copra ha *) were, 

Spikele t  - 14 kg K/ha, stalk - 7.0 kg K/ha, husk - 116.1kg K/ha, Shell - 9.0 kg 

K/ha, albumin - 47.0 kg K/ha, and the total is 193.1 kg K/ha. Annual uptake 

of  the whole  stand including trunks and fronds was 249 kgk/ha (Ouvrier  and 

Ochs, 1978).

Mature, more than ten year  old, coconut  palms y ie lding 1.8 tons of 

copra removed about  90 to 130 kg of K h a y e a r   ̂ (Uexkull,  1985).

Potassium distribution in the coconut  palms is typically, 63% in the 

nuts, 12 % in peduncles , 12 % in leaves +  stipules, 3% in spathes and 9% in the 

stem. Potassium uptake requirement for an yield  of 1000 nuts was reported to 

be  10.7 kg K20  (Thampan, 1984). Rao (1989) reported that 1 ha of coconut  

garden (70 palms) having y ie ld  of 40 nuts/palm/year  removed 28.4 kg K/year.

2.1.5.  Po ta s iu m  use eff iciency by co conu t  pa lm s

Potassium is used by the coconut  palm in greater quanti ties than 

any other nutrient.  Since many soils cannot  provide adequate  K for sustained 

high yields,  fert i l izer  K must  be used. Needs for supplemented K and rising



I .caching loss of potassium occurs in soils with a poor exchange 

capacity. Therefore  spli tt ing of potassic  fert i lizers  help in increasing the 

potassium use  efficiency by coconut  palms. Muliyar  and Nelliat  (1971) 

reported that  sp l i t  application of recommended dose of potassium fertilizers 

increased the nut y ie ld  by 8.4% and copra y ie ld  by 11.7 % compared to single 

annual application.  Qucncez and de Taffin (1981) reported the advantage of 

sp l i t  application of potassium fert ilizers as better development of coconut 

palms and precocity of flowering.

An increase  in K fert i l izer  is accompanied by an increase in husk K 

contents (Ouvrier, 1984; Ouvrier, 1987). The husk is responsible  for  most of 

mineral exports from coconut  garden, 67% in the case of K (IRHO, 1992). 

Dehusking in the f ie ld  i tse lf  enabled a considerable  reduction in exports to be 

made. Without dehusking in the field, it  is seen that  tall coconuts export '  more 

K than the hybrids/ton of copra produced (Ouvrier, 1987).

Ramanandan and Muliyar  (1978) reported that  in coconut  soils,  

cult ivat ion a lone increased the available  K 2 0  content  in the soil in comparison 

with uncult ivated plots.

2.2. P o ta ss iu m  d yn am ics  in soil 

2.2.1.  F o r m s  o f  po ta s s iu m  in soil

The forms of  potassium in soil in order  of their availability are 

soluble'^, exchangeable ,non exchangeable  and mineral K (Sparks and lluang, 

1985). Dynamic equil ibrial  reactions exists be tween these forms of soil K. A



knowledge of d ifferent  forms of potassium will  assist  in assess ing the long term 

nutr ient  availabili ty .

Shanmuganathan and Loganathan (1976) reported that  the water 

soluble  K, exchangeable  K, difficulty exchangeable  K and total K ranged from 

20 to 30 ppm, 4 to 128 ppm, 1 to 230 ppm and 350 to 244000 ppm respectively 

in coconut  growing soils of Sri lanka covering 20 soil series. Water soluble  K, 

exchangeable  K and difficulty exchangeable  K contents were  posit ively related 

to pH, CEC and total exchangeable  bases. The water  soluble  and exchangeable  

K significantly decreased with depth. Among total, diff iculty exchangeable, 

exchangeable  and water  so luble  K, there  was posi t ive correlation with  two 

adjacent forms.

Continuous cropping and continuous addition of potassium with 

and w ithout  other nutrients will a ffec t  the different  forms of soil potassium and 

their interact ions.

Prabhakumari  (1981) observed that  in red and latcri tic  soils of 

Trivandrum district, the water  soluble  K ranged between 1.53 and 7.16 meL
_ 4

exchangeable  K ranged between 9 and 32 eg kg" , HNO 3 - K range from 10 to 

58 eg kg ' 1  and the total K ranged from 1200 to 1290 ppm.

Khan et al. (1982) reported that  the water  soluble K in red sandy 

loam soil a t  Pachalloor,  Kasargod and Beypore in Kerala were  1.92, 0.95 and 

0.79 meL " 1  respectively. I N  NH^OAC-K in these soils were  26,32 and 26 ppm 

respectively and Boiling HNO 3  - K in the soils were 25, 70 and 46 ppm 

respectively.



Continuous application of K ferti lizers to coconut  in a red sandy 

loam soil for  15 years resul ted in an increase of avai lable  K from 36.4 ppm to

50.9 ppm. Availab le  K decreased with depth and was negatively correlated 

with pH (K h an ef f l / .  ( 1982).

In sandy and sandy loam soils of India under two long term 

experiments after 10 and 9 cycles of crop rotation (maize-wheat and 

maize-wheat-fodder cowpea), non exchangeable  K decreased in all plots and 

exchangeable  K was higher in plots receiving K fer ti lizers (Ganesliamurthy and 

Biswas, 1985).

Dhillon et al (1985) reported that  in benchmark soils of North- 

West  India water  soluble K, exchangeable  K, available K, HNO-j-K and non 

exchangeable  K ranged from 0.004 to 0.244 me lOOg 0.045 to 0.52 me 

100_1 g, 0.058 to 0.564 me lOOg'1, 1.19 to 6.4 me lOOg ' 1  and 1.11 to 6.2 me 

lOOg" 1  respectively. On an average the water  soluble K, exchangeable  K, 

available K and boil ing IN HNO 3  - K constituted 0.06, 0.34, 0.40 and 7.75 % 

of  total K.

In 102 soils from continental  U.S. and Peurto Rico representing 10 

soil orders, Sharpley (1989) reported that water  soluble K. was related to 

exchangeable  K content  (r 2  = 0 .8 6  to 0.96) and the exchangeable  K was related 

to HNO 3  extractable  K (r 2  = 0 .8 1  to 0.83).

Valsaji (1989) reported that the water  soluble K, exchangeable  K, 

available K, HNO 3  - K and non exchangeable  K of the Ncyyalt inkara sandy 

loam soil in the coconut  basins ranged from 0.102 to 1.023 me 1 1  (mean 0.554



me I ' 1), 1.0 to 13.4 eg kg ' 1  (mean 5.44 eg kg’ ^  1.6 to 16.8 eg kg ' 1  (mean 

7.61 eg k g ' 1), 3.2 to 30.4 eg kg ' 1  (mean 11.8 eg kg _1) and 0.8 to 16.00 eg kg ' 1  

(mean 4.19 eg k g '1) respectively.

Premakumar (1989) reported tha t  in a long term fert i l izer  trial on 

coconut in a red sandy loam soil the water  soluble, exchangeable  and non 

exchangeable  K, at a distance of 180 cm from the bole  of the palm and at  a 

depth of 30-60 cm, varied from 9.3 to 73.8 ppm, 29.8 to 123.6 ppm and 211 to 

373.6 ppm respectively.

In a long term fert i lizer experiment  with maize and w hea t  in a 

paleustalf,  the water  soluble  K, exchangeable  K, non exchangeable  K and total 

K ranged from 9.86 to 28.56 ppm, 63 to 189 ppm, 611 to 1071 ppm, 2045 to 

2864 ppm respectively and all the forms of K corre lated significantly and 

positively with each other  (Lai, et al, 1990).,

Devi et al  (1990) studied the distr ibution of  various forms of K in 

two soil series of South Kerala (Vellayani and Neyyaltinkara) . In Vellayani 

series wa ter  soluble,  exchangeable, fixed, latt ice, total and available  K ranged 

from 5.2 to 18.9, 10.8 to 72, 22 to 91, 61.8 to 437, 115 to 513 and 18.8 to 82.5 

ppm respectively. In Neyyatt inkara series, the corresponding values were  2.8 

to 26.8, 18.5 to 89.9, 20 to 90, 136 to 432, 186 to 591 and 21.3 to 100 ppm 

respectively. Water  soluble  K was significantly and posit ively correlated to 

exchangeable  and avai lable  K. The different  forms of K decreased with 

increasing depth.



Subba Rao and Sekhon (1990) reported that in six soil series from 

tropical India, s ignif icant  posit ive  relationships were observed between 

exchangeable  K and water  soluble  K.

Kher and Minhas (1991) studied the forms of potassium in an 

alfisol with continuous manuring and cropping with wheat. The water  soluble, 

exchangeable,  non exchangeable, HC1 soluble and total K ranged from 6.7 to

8.2, 65 to 133, 61 to 693, 211 to 2914 ppm and 1.75 to 2.45 per  cent  

respectively.

Subba Rao and Sekhon (1991) reported that  the effect  of pH on

water  soluble  and exchangeable  K and their rela t ionship  was not  conspicuous in
was

soils with appreciable  amount of organic carbon and when the pH^greater than 

5.5, the influence of pH on available K status was negligible.

Mukhopadhyay et al. (1992) reported that in five micaceous soils 

of Punjab growing maize, oats, bajra, jowar  and berseem in an exhaustive 

manner, the available, fixed and total K ranged from 0.012 to 0.024, 2.359 to 

5.226 and 12.3 to 18.0 g k g ' 1.

Sutar  et al. (1992) reported tha t  in later it ic  soils of Phondaghat  

soil series in South Konkan (Maharastra), water  soluble, exchangeable, 

non-exchageable, lat t ice  and total  K ranged from 0.6 to 30.0, 13.9 to 231.0, 

76.4 to 373.4, 2975 to 5625 and 3250 to 6250 ppm respectively.

In moll isols of Nainital Tarai Singh et al., (1993) reported that 

total K, water  so luble K, exchangeable  K and non exchangeable  K varied from



1.58 to 3.00%, 6 . 6  to 99, 53.85. to 216.2, 533 to 1023 mg kg ' 1  respectively. 

The exchangeable  K was highly correlated with available (r=0.94S**), non 

exchangeable  (r =  0.743 ) and total K (r =  0.567 ). Water  soluble  and

exchangeable  K contr ibuted 35.1 and 80 per cent  towards avai lable  K.

Joseph (1993) reported that in Trivandrum series water  soluble, 

available, exchangeable, nitric acid and non exchangeable  K ranged from 0.17 

to 0.86 meq l ' 1  (mean 0.47 me I ' 1), 2.93 to 21.77 eg kg " 1  (mean 8.39 eg k g ’1),

2.82 to 20.1 eg kg ’ 1  (mean 7.93 eg kg"1) 5.73 to 22.46 eg kg ' 1  (mean 11.81 eg
1  I 1kg ) and 0.01 to 11.46 eg kg (mean 3.42 eg kg ) respectively. In

Kazhakkuttom series water  soluble K, avai lable  K, exchangeable  K, ni tr ic  acid

K and non exchangeable  K varied from 0.19 to 0.76 meq L ' 1  (mean 0.34 meq

L 1), 1.59 to 13.23 eg kg " 1  (mean 4.69 eg kg" 1), 1.38 to 12.99 eg kg ' 1  (mean

4.35 eg kg"1), 5.69 to 18.43 eg kg " 1  (mean 10.18 eg kg"1) and 0.45 to 10.22 eg

kg (mean 5.49 eg kg" ) respectively. In Kottoor series water  so luble K,

a v a i l a b l e  1C, e x c h a n g e a b l e  K, N i t r i c  a c i d  K a n d  n on  e x c h a n g e a b l e  IC r a n g e d

from 0.40 to 0.97 meq L _ 1  (mean 0.58 meq L ' 1), 11.27 to 26.14 eg kg 1  (mean

15.9 eg kg"1); 8.08 to 25.39 eg kg " 1  (mean 15.34 eg k g '1); 16.22 to 48.46 eg

kg ' 1  (mean 31.13 eg k g ' 1) and 1.69 to 33.44 eg kg ' 1  (mean 15.19 eg k g '1)

respectively. The total K contents of Trivandrum, Kazhakkuttom and Kottoor

series were  428, 162 and 344 eg kg " 1  respectively. Available  K signif icantly

and posit ively correlated to all  o ther  forms of K.

Prabhakumari  (1993) reported that  in lateri t ic /red loam soils of 

Kerala water  soluble  K, NH^OAC- K and HNO^- K varied from 60 to 220, 80 to 

297 and 80 to 580 ppm respectively. NII^OAC- K was significantly and 

positively correlated with water  soluble K.
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2.2.2. Potassium in soil so lution and its interaction with other ions

Soil solution potassium is the form taken up directly by the plants 

and is subject  to leaching (Sparks, 1980). The effect iveness of soil solution K 

for  crop nour ishm ent  is inf luenced by the presence of other  cations particularly 

Ca and Mg. In very acid soils A l^+ ions and in saK affected soils.  Na+  ions 

have to be considered.  Exchangeable  Al which is present  in higher 

concentration in acid tropical soils than o ther  cations, competes with K + for 

non specific sites of exchange (Sivasubramanian and Talibudeen,  1972).

Patil and Zande (1975) reported that, high exchangeable  Mg in 

black soils has been reported to suppress the K uptake of crops. Gerloff (1976) 

reported that Na has the capacity to substi tute  partially the metabolic functions 

of  IC.

Cation antagoism was brought about  by lack of udcquaLc K rather 

than a surplus of K. Low K + levels favoured uptake of Mg and Ca and resulted

in lower plant  yields than higher K levels (Mengel et al, 1976).

Potassium application even at  lowest  rate, induced Mg deficiency 

in the absence of Mg fertilizer, shown by the appearance of chlorosis in 

coconut  (Coomans, 1977).

Manciot  et al. (1979) reported nutr ient  antagonism in coconut

namely K-Ca, K-Mg and IC-Na. The applicat ion of high dose of KC.1 induced

severe Mg deficiency.



Potassium plays an important  role  in the eff ic ient  ut i l isa t ion of N. 

The large quantity of  N used in intensive cropping encourage crop uptake of  N 

and K and in turn heavy depletion of soil K. So NK interaction assumes 

special  significance. S ignif icant  NK interact ionsin coconut  have been reported 

by Murti,  (1972); and Khan and Bavappa, (1986). In the absence of K, the 

response of N was very poor, resulting in poor yield.  In the presence of K 

s ignif icant  increase in y ie ld  was seen with N application.

Fallavier and Olivin  (1988) reported that  in 4 tropical  soils 

representat ive  of oil pa lm growing zones, where  K was applied, it mainly 

exchanged with Ca and Mg. Proport ionately Mg is displaced m ore  easily than 

Ca.

In a long term fert i l izer  experiment  with coconut  Anilkumar aud 

Wahid, (1989) reported that  application of high rates of (NH 4 ) 2 S 0 4  led to 

reduction in the exchangeable  K due to the removal of K + ions from the 

exchange sites by N P ^  ions /H + ions generated in nitr if icalion process.

Dhillon and Dhillon (1992) reported that  at  low K saturat ion illitic 

soils showed higher K selectivity than smecti te  and kaolinite. But  a t  high K 

saturat ion, smectite  soils maintained high K selectivity. I t  was found that in 

K + - NH 4  +  exchange system, all soils preferred NH^ to K +. Smectite  preferred 

K + to N a + whereas kaolinitic  and illitic soils preferred N a + to K +. The relative 

escaping tendency of K from adsorbed to solut ion phase was greater in K + - 

C a + system followed by K +- NHj* and K +- N a + system.

Prabhakumari  (1992) reported that the application of K fertilizers 

had a depress ing effec t  on Fe, Ca and Mg contents and enhancing effects on Mn 

content of soil.



Bonneau et al. (1993) observed that  in hybrid coconut, once the  K 

fer t i lizat ion is insuff ic ien t  the Na content  of the leaf increases in line with fall 

in K content. I t  was found that  K fert i l izer  had a depress ive  effect  on Mg 

content of leaf.

2.2.3. PoLassium reserves in soil which Influences long Lenn availabili ty

The bu lk  of total K in most  soils is in mineral form. Mineral K is 

assumed to be  only slowly available to plants (Jackson, 1964; Sparks and 

Huang, 1985).

Common soil K bearing minerals in order of availability to their 

K to plants are  biotite, muscovite, or thoclase  and microcline (Huang et a l , 

1968). It has general ly been thought that only small amounts of feldspar  and 

mica K are released over a growing season (Rasmussen, 1972). But Miricki  et 

al. (1985), Sadusky and Sparks (1985) have found that  a substantia l  amount  of 

K is being released from sand fraction of Delaware soils.

Sparks (1980) reported that  in soils high in total K which occur in 

micas and feldspars, the K forms are slowly released to solution and 

exchangeable  form available to plant  and lack of crop response  to K 

fert i lization in the soils was due to high indigenous levels of mineral and non 

exchangeable  K. Non exchangeable  K is different  from mineral IC in that  i t  is 

no t  bonded covalently within crystal s t ructure  of  soil mineral particles. Instead 

i t  is held between adjacent  tetrahedral layers of dioctahedral  and ir ioctahedral 

micas, vermicul i te  and inter grade clay minerals (Rich, 1972; Sparks and



Huang, 1985). It  is moderately to sparcely avai lable  to plants depending on 

various soil parameters . (Goulding and Talibudeen, 1979; Sparks and Huang, 

1985).

Goulding and Tal ibudeen (1979) s tudied the kinetics of K release

from soil from Nil and PK treatments of Saxmundham experiment. The Nil plot
- 1  - 1soil released 0.6 ,weq kg' a '  principally from slow release source. But  this was 

suff ic ient  only for  a poor crop (1.6 t ha " 1  wheat) .  They suggested tha t  soil 

could release K at  this rale  for  about  150 years based on its content  of 

micaceous minerals.  However for  maximum yie ld  some more K from ‘ fast 

release’ souces and K in solution was needed.

Sekhon and Subha Rao (1980) reviewing the K availability in soils 

of  Southern India, indicated that kaolinite  is the dominant  mineral group in 

later i te  and most  red soils.

Gopalaswamy and Iyer (1982) reported that in Vellayani series the 

easily weatherable  minerals like feldspar  and mica are  low which speak of their 

inherent  K fertility status.

In sandy soils of Nigeria, Igbo Unamba - oparah (1985) reported 

tha t  due to high rainfall the soils were  very low In K because of tlie leaching 

losses. In these highly weathered  soils,  the fine sand or fine sand plus silt  

separates were  found to be the sources of potassium.

Ganeshamurthy and Biswas (1985) reported that  in typic 

ustochrepts subjected to continuous cropping and fert i lizer use, contr ibution of



n o n - c x c h a n g c a b l c  K to c r o p s  w a s  m o r e  in u n t r e a t e d  p lo t s  t h a n  in t h o s e  

receiving fer t i l izer  K. The K removed by the crops was significantly correlated 

to the  non exchangeable  K re leased from the soil.

In alluvial soils of Ut tar  Pradesh, clay had the highest  

concentration of K, compared with sand and si ll  fract ions,  but  its contr ibution 

towards total soil K was low due to the low clay content. The non 

exchangeable  K  in these soils was found to be more in f ine lex lured soils than 

coarse  textured soils (Sharma and Mishra, 1986).

Maji and Chatte i jee  (1990 a) reported that the availabili ty  of K 

from non exchangeable  sources was found to be higher from smectite  dominated 

black soils compared to illi tic  red soils.

Sharma et al (1992) reported that contr ibution of mica K dominated 

over feldspar K in soils of Eastern India and these fractions were also the over 

all  major contributors to total (taking both mica K and feldspar K) K of the 

soils.  Boiling ni tr ic acid (1 N) extractable K, a measure of reserve K in soil 

available to plants slowly over the cropping period, showed signif icant 

correlat ion with  total K est imated by H F dissolution method.

2.2.4. The concept of  activity ratios with respect to K

For a greater understanding of the fertility status of soils,  i t  is 

important  to study K - (Ca +  Mg) equil ibrium relationships.  Schofield (1947)
■ * i x  9 xproposed that  the ratio of the activity of cations such as K and Ca was



defined by the relation / (afl1) ^ 2, where, ‘ a ’ is (he ionic activity. 'Ihe 

concept of quantity (Q) and intensity (I) was f i rs t  applied to the mineral  

nu tr ien t  status of soils by Schofield  (1955).

Schofield  and Taylor  (1955 a) further demonstrated the 

applicabili ty of law to a Rothamsted soil for  ion pairs Il-Na, II- K, Il-Ca and 

H-Al and to f ive other Rothamsted soils for the ion pair  H - (C a + M g )  (1955 b).

Becket t  (1964 a), following a consideration of ratio law, opined 

that  the intensity (I) of  K in a soil a t  equil ibrium with its soil solution could 

best  be  defined by the ratio aK /  (aCa +  a M g ) 1 / 2  0f the soil solution. This
ir

equil ibrium activity rat io for  K or A R (Becktt  1964 a, 1964 b) has often 

been used as a m easure  of K + availability.

Below an AR K of 0.001 (mol. L_1) 1/2, the bulk of K was

adsorbed at in ter la t ticc positions, between AR values of 0.001 and 0.01 (mol

at  etige posi t ion antj 0.01 (mol L ‘ X ) 1 / 2  at planar  positions. Also a
Ksmall percentage of edge posit ions "w ere  being fi lled at  A R  values upto 

0.1 (mol L " 1 ) 1 ^ 2  (Sparks and Liebhardt, 1981).

The act ivity ratio may be expected to provide a satisfactory 

measure of ruling chemical potential of  the labile K in a soil provided i t  is not  

used to compare  soils of widely different  Ca (and Mg) status or a few soils of 

which  the activity rat io is not  independent  of the concentration of soil solution 

(Beckett,  1964 b).



Moss (1967) and Lee (1973) noted that a soil with a given 

compliment  of exchangeable  K +,Ca 2  + and M g ^ + gives r ise  to an activity ratio 

fo r  potassium (ARK) in the equil ibrium soil solution that  wil l be characteris t ic  

of that  soil and independent  of the soil to solution ratio and total e lectrolyte  

concentration. The ratio depends only on K + saturation and the strength of 

adsorption of cations.

Beckett  (1964 b) noted that  d i f ferent  soils showing the same value
TC K. • iof AR may no t  possess the same capacity for  maintaining AR whi le  K is 

removed by plant  roots.

The activity ratio as a measure  of the difference in chemical  

potential of two ionic species in the solution is theoretical ly independent  of 

soil solution concentration if the ratio law is obeyed. In the use of activity 

ratio as a measure  of potential Ca and Mg are treated as a s ingle  ionic species 

(Le Roux and Sumner, 1968 a).

The AR^ va lue  is a measure  of availabili ty or intensity of labi le  K 

in soil. Beckett (1964 b) and Le Roux and Sumner (1968 b) found that  K 

fert i lizat ion has increased the ARg values.

Beckett’s activity ratio would  provide an adequate  comparative 

measure of the potential  of labile K and of the  availability of K to plants in a 

soil, so long as its uptake is not l imited by metabolic process or antagonisms at 

root surfaces. (Van Diest,  1978).



2 . 2 . 5  Q u a n t i t y  I n t e ns i t y  r e l a t i o n s h i p s  in d i f f e r e n t  s o i l s

The rela tionship between exchangeable  K (Q for quanti ty) and the 

activity of soil solution potassium (I for intensi ty) is important  because of the 

major  role of exchangeable  K in replenishing the soil solution K removed by 

cropping or  leaching. The Q/I studies is based on the fact that (he distr ibution

of K between exchange sites and soil solution is a function of the kind and
K Caconcentration of complimentary ions. In Q/I curves , \ lhe  ratio of a / (a + 

aMg^l / 2  jg rej atetj to change in exchangeable  K to obtain the effect  of quantity 

(exchangeable  K) on intensity.

For  Q/I relationships to be val id  in indicating the am ount  of soil 

K available for  p lant  uptake during the growing period, they must  be unaffected 

by the amount of K normally released, fixed or added during the growing 

season. These assumptions have proved to be va l id  by a number  of researchers 

(Mathews and Beckett,  1962; Beckett  et al., 1966, Bcckctt  and Nafady, 1967). 

The Q/I relations were not greatly affected by K + removal. Nafady and Lamm

(1973 ) showed that  Q/I relations were  unaffected by additions of IC upto 1000
1  - 1  kg ha and by f ixation of  upto 600 kg of K ha .

For the construction of a typical Q/I curve, a soil is equilibrated 

w ith  solutions conta ining a constant  amount  of C a C ^  and increasing amounts

of KC1 (Beckett,  1964 a). The soil gains o r  loses K to achieve the
K - * Kcharacterist ic  AR of the soil or remains unchanged if its AR is the same as

K *the equil ibrating solution. The AR values are then plotted against  the gain or

loss of IC to form the characterist ic  Q/I curve. From the Q/I plot several



parameters are obtained to characterize the K status of soil. The A R when the

Q factor or AK equals zero is a measure of degree of K + availabi lity at
• ■ ■ K Kequil ibrium or ARe . The  va lue  of AK when AR =  0 is a measure of  labi le  or

exchangeable  K in soils (AK°). The slope of the l inear  portion of the curve

gives the potential buffering capacity of K (PBCK) and is proportional to the

CEC of the soil. The number of specific sites for  K (K^) is the d ifference
IT

between the in te rcep t  of the curved and l inear portions of Q/I plots a t  AR =0 

(Beckett,  1964 b; Sanvalentin  et al., 1973; Sparks and Liebhardt , 1981). The 

A R ^  values are computed from the measured concentration of Ca^+, M g^+ and 

K + corrected to their chemical  activi ties by application of extended Debye - 

Huckel  theory (Sparks and Liebhardt , 1981).

Various interpretat ions have been made on the parameters that  can 

be derived from a Q/I plot.  The l inear portion of the curve has been ascribed to 

non specific  sites for  K (Beckett,  1964 b) whi le  the curved portion has been 

at tr ibuted to specific sites with a high K affinity. (BecketL, 1964 b; Rich, 

1964; Beckett  and Nafady, 1967; Le Roux and Sumner, 1968 a). Repoted 

ranges in Q/I parameters of K are presented in the table  on next  page.

Patiram and Prasad (1981) observed that  in soils of Meghalaya, the 

measure of Q/I parameters of K did not  show any superiori ty over commonly 

used Neutral Normal NH^OAC for predicting p lant  available  K. The P B C ^  

values were  correlated signif icantly with CEC and Ca + Mg content  of the soils 

bu t  did not  represent  the intensity of K availabi lity.



R epo r t e d ranges in Q / I  par amet er s o f  p o t a s s i u i

S o i l  d e s c r i p t i o n PBCK A K o A K x
i

K

p o t e n t i a l

A G Ref er ence

S o i l s  o f  West 3 . 00 to 0. 0009 to 0. 06 to 0. 023 to 0, 028 to N . R 2 . 6 7  to Chandi  and

Bengal  (Ox i c 6 1 . 00 id 0 . 0 1 0 8 0 . 1 9 2 0 . 1 9 2 0. 094 4 . 1 4 S i dhu ( 1983)

p a l e u s t a l f  and mole 100 (mole b  mole m n o l e m no l e c a l

t y p i c  o c h r a q u a l f ) g ' [ s o l e l i t r e  ' ) ' / 2 100 g ' 1 100 g ' 1 100 g " ' mole '

l i t r e ' 1 ) 1/ 2

E g y p t i o n  s o i l s 13 t o 350 0 . 0 0 1 1 to 0. 09 to N . R N . R N . R . N . R . Sadi k  e t  a h

ne l O O g " 1 0. 0301 2 . ( 9 0 ( 1 98 6)

(mole (mole me

l i t r e  ) l i t r e V / z  i . . , ' 1

S o i l  o f  N o r t h - We s t 9 . 6  to 0 . 4  to 0. 0? to 0. 06 to 0 . 0 1  to N . R 2. 54 to D h i l l o n  e t  a.

I n d i a  (Ghabdan, 12-0 se 1 4 . 7 5 X 0 . 3 5  me 0. 36 me 0. 55 meI ( . 7 1  K ( 1 986)

B h u n d r i , 6 a i n s 100 g ' 1 i O * 3 100 g " 1 100 g " ' 100 g c a l  100 ■
Avans Sonana and (mole (mole 0*

Palampur s e r i e s ) l i t r e ' 1 ) 1/ 2 l i t r e
1 , 1 / 2

A l l u v i a l  s o i l s  o f 3 . ( 5  to 0, 002 to 0 . 1 8  to 0 . 0 7  to 0 . 0 1  to N . R 1 2, 69 to Sharma and

Western U t t a r 6 6 . 61  C ' 0. 0059 0. 5 2  C 0. 3 8 C O J O  c 15. 04 KJ Mi s h r a  (1989!

Pradesh n o l e  Kg ' (mole n o l e  Kg ' mole mole Kg '
|

mole

l i t r e ' 1 ) ' / 2 l i t r e ' ) ! / Z K g " '

T y p i c  u s t o c h r e p t ( 2 . 8  to 1 . 5  to 0. 05 to N . R N . R N . R 3 . 5  to Biswas e t  a l .

under long t e r n 2 2 9 , 1  C 2 . 5  n 0 , 2  C 3. 93 K i ( 1989)

f e r t i l i z a t i o n  in mole k g " ' (mole mole k g " ' c a l  n o l e "

mango or char ds (mole l i t r e  ' , i / z

l i t r e - ' ) ' / 2

Ne y y a t t i n f ca r a  sandy 0. 86 to O . O i l  to 0 . 0 ( 8  to 0 . 0 1 3  to 0. 035 to N . R 1 ( 2 0 . 1 2  to V a l s a j i

loam s o i l  under 9 . 6  me 0. 026 0 , 5 ( 0  se 0 . 1 2 0  me 0 . ( 2 0  me 1929. 58 (1989)

c oconut  c u l t i v a t i o n 100 g " 1 (mole
, 1 11

100 g " 1 100 g ' 1 100 g ' 1 cal

(mole l i t r e  1 no l e  '
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S I .  S o i l  d e s c r i p t i o n p b c k A k l A K o A * x
K A G Ref er ence

No. p o t e n t i a l

7 .  A c i d  s o i l s  o f  S i k k i e 1 5 . 7 7  to 2 . 2 0  to 0 . 1 2  to N . R N. R N . R N . R P a t i r a m

growi ng maize 6 5 . 7 2  C 1 7 . 2 0 ■0. 98 C ( 1 9 9 1 )

s o l e

k g ' 1

( p o l e  n o l e  kg 

l i t r e " 1 ) ' / *

( n o l e

l i t r e - ' ) 1 ' *

8.  Dune and i n t e r d u n e  ' 27 t o 223 0. 004 tci 1 . 3  t o 7 . 7 0 . 5  to 1 . 2  to 7 . 4  1 . 9  to 1937 to D u t t a  and

s o i l s  o f  Ra j a s t h a n se kg 1 0. 039 ne kg 1 2 . 7  ne ne kg 3 2 . 6  ne 3236
i

J o s h i

( T o r r i p s a a m e n t s ) (mole

l i t r e ' 1 ) ' / *

( s o l e

l i t r e " 11 , 1 / 2
k g " 1 k g ' 1

(mole

l i t r e " 1 )

c a l  e 

1/2

( 1 9 9 ! )

9.  Nedumangad s e r i e s 5 , 8  to 6 . 0  to 7 , 5  0 , 1 7  C N . R N . R  n N . R N . R Subba Rao

( O x i c  D y s t r o p e p t ) 6 . 0  C s o l  

k g " 1 ( a o l e  

l i t r e ' 1 ) 1/ *

x 10 

( n o l e  

l i t r e " '

s o l  kg

1 , 1 / 7

e t  a l .  

( 1 9 9 1 )

10.  A l l u v i a l  s o i l s  f o 6 . 3  to 2 , 0  to 5 . 0  0 . 1 5  to 0 . 4 0  N . R N . R N . R N . R Pa l  and

N o r t h e r n  I n d i a 5 7 , 7  C x I 0 " 3 C n o l e  kg - i Si ngh

( H a p l u s f a l f  and 

U s t o c h r e p t )

s o l e  kg 1 ( n o l e

l i t r e ' ' 1 , 1 / 7
( 1 9 9 1 )

1 1 .  S a l t  a f f e c t e d  s o i l s 62 to 2 to 1 . 1  t o  6 , 0  0 . 7  to 0 . 6  t o 2 . 5  1 . 3  to 2883 to D u t t a  and

o f  a r i d  Ra j a s t h a n 7 2 . 5 9 x 10' ne kg 3 . 7 ne kg 210 ne 

k g " 1

3296
I

J o s h i

( C a n b o r t h i d s , « e k g " 1 ( s o l e
1 , 1 / 7

ne kg 1 c a l  e" ( 1 99 2 )

C a l c i o r t h i d s  and 

S a l o r t h i d s )

( s o l e  l i t r e  

l i t r e ' 1 ) ' / *

( s o l e

l i t r e " 1 ) ' / *

N . R .  - Not  R e p o r t e d .



Parra an d  T o r r e n t  (1983) d e v e l o p e d  a p r o c e d u r e  f o r  d e t e r m in in g  

Q/I relationships in a continuous manner using a K + selective ion electrode. 

The A R e values calculated by continuous procedure were  highly corre lated 

(r — 0.972) with those  determined with the usual Q/I method in a nearly 1:1 

relationship.

IT
Chatterjee et al. (1983) observed that  PBC values were low in 

kaolinitic  soils than i l l i te  dominated soils and intermediate  in smectite  

dominated soils. The PBC measurement and equil ibrium studies indicated 

that  these were  being influenced no t  only by the nature and quantity of clay 

minerals but  also cer tain physico chemical factors.

Bandopadhyay et al. (1985) reported that in some coastal soils of
If

Orissa and West Bengal the PBC and G ibb’s free energy (AIr) indicated that  

the soils had a high potassium supplying capacity. The clay content  of the soil
ir

was correlated to PBC .

Mittal et al. (1987a) observed that Q/I rela t ionship of soil 

determined by Becke t t ’s method and its modif ication in which total electrolyte  

concentration was kept  constant  (25 me/litre) was found to be l inear  throughout  

in the modified method, but  only so in upper part  of  the or iginal  method. They 

also found that Q/l  parameters in the K desorption region suggested that  in 

original method much less K was released in comparison to modified one and 

the excess K released, termed strongly bonded K, was absent  in original 

method.



Lime application increased the PBC^ and labi le  K (AK) but  

decreased the act ivity ratio of  K (ARK) in some acid soils (Patiram and Rai, 

1988).

Sharma and Mishra, (1989) reported that  in texlurally different  

alluvial soils of western Uttar Pradesh, was positively correlated to 

exchangeable  K and PBCK was significantly related with fixed K, total K and 

mica K.

In 102 soils representing 10 soil orders from continental  U.S. and 

Peurto Rico, Sharpley (1990) observed that  the K buffer  capacity was 

s ignif icantly greater for  smectite  soils than mixed and kaolinitic  soils and was 

closely related to clay, CEC and K saturat ion.

Subba Rao and Sekhon (1990) observed that higher buffer capacity 

values were recorded in smectite  dominant  black soils,  followed by illitic

alluvial soils and lowest  in Kaolini te  dominated red and laterit ic  soils.  The
K K.reverse was observed for AR q. At constant  K sa turation A R q was higher in

kaolinitic  thau in other soils.

Al Kanani et al. (1991) reported that in calcareous soils,  the Q/I 

plots were l inear in contrast  to curv i l inear  trends observed in non calcareous 

soils.

Dutta and Joshi (1992) observed that  in sa lt  affected soils of arid
|f

Rajasthan. PBC was found to be positively related with H 2 So/( - K and 

negatively with water  soluble K.



Lu mb an raj a and Evarigelou (1992) investigated the influence of

added NH 4  on IC Quantity - Intensity relationships of three Kentucky soils.
K K.They reported  tha t  the  Q/I plot  components, K L, A R e and PBC w ere  affected 

by added NH4. The addit ion of NH 4  caused an increase in the quantity of 

labi le  K fo r  all soils.

Deshinuk and Khera  (1993) observed that  the high amount of clay
If

and organic carbon regis tered the lower va lue  of  A R 0  and higher  for LBC in 

an Ustochrept  of Northern India. They also found that  values of labi le  pool 

(Kl ) were  found to be more in heavy soils than in the l ight  textured one. A R ^
If

and decreased with K depletion, b u t  LBC increased. This indicated that  

the  depletion of K was faster  in these soils.

2 .2 .6 . Relationship between crop uptake and Q/I parameters

Studies on the ‘ immedia te’ Q/I relations of labile  IC in soils 

indicate that this technique could be used profitably for quanti tat ive  prediction 

of  the  K status of  soil throughout  the growing season (Le Roux and Sumner, 

1968 b). They found that  the potassium applicat ion to Japanese mil le t  lead to 

an increase  in the pool of labile  K. Q/I studies on soil samples taken after 

various periods of plant  growth i llustra ted how the pool of labile  K and
Lf ^

ARe order  decrease as increasing amount ) of K was taken up by p la n t  

Depending on soil  type, both the above parameters fall to a given minimum in 

soils being intensively cropped after  which the pool serves as the vehic le  by 

which K from inter lat t ice sites become available to plant.



Maida (1980) reported that in 27 soils from an NPK factorial

experiment  on tea, the value for  change in free energy, AG ranged from -12 to

-16 KJ m ol ’ 1  and the f ield observation showed that tea plants growing on soils
' .  1

having AG. Values less than -15 KJ mol responded to K fer ti lizers.  The 

investigation has indicated that  heavily cropped soils are likely to show crop 

responses, i f  the intensive cropping system does not  include supplementation of 

K.

Sparks and Liebhardt  (1981) investigated the effect  of long term 

lime and K applications on Q/I rela t ionship of a typic hapludult  from Delaware 

coastal plain soil c ropped to corn and soybean. They observed tha t  AR^ 

decreased with profi le  depth due to the greater  K fixat ion by specific  sites for 

K. The parameter  AKq which measures labile  K became more negative  with 

increased lime and K additions. The number of specifc  sites (Kx) was found to 

increase with K fert i lization. The PB C ^ parameter  increased with lime 

addition.

Q/I parameters of  K in soil were  found to be affected by long term 

intensive cropping system of wheat-bajra  and applicat ion of N and P ferti lizers 

w ithout  addit ion of K. AR q value, an index of availability of K was 

drastically reduced in soils of N and P fert i lized plots and the K adsorpt ion was 

also more in such plots indicating greater need to satisfy larger K depletion 

(Patra and Khera, 1983).

Singh et al. (1984) studied the Q/I relationships of a sandy loam 

soil collected after  5 years of a fert i lizer trial with pearl- mil let-wheat  rotation.



The Q/I isotherm for  K in plots not  receiving K fert i l izer  had a curved lower 

oart  and linear  upper one, vvhere^as for K treated soils these were, a lmost  linear 

th ro u g h o u t  The values of A R ^  ranged from 4.6 to 11.6 x 10 ~ 3  ( m / I ) ^ 2. The 

l inear  buffering capaci ty was higher for  K  treated plots than for untreated 

plots.

Biswas el aL  (1986) studied the K supplying capacity of soils from 

mango orchards and showed that the rela t ionship  between exchangeable  K (Q)

and soil solution IC (I) was more curvi l inear  towards the origin. The cri tical
1/2 1/4 ■supply parameter  va lue  (QI) /  (IC^K^) around unity has been reported for

these orchards.

In sugarcane growing soils Yadav (1986) est imated the Q/I 

rela t ionship and found tha t  the labile  K const i tu ted  12 to 70% of exchangeable  

fraction. The readily available K was found to be low as revealed by A R ^  and 

change in free  energy and the P B C ^  were  also low.

PBC * was found to be significantly corre lated  with K fixat ion 

capacity,- cation exchange capacity and non-exchangeable  K content  in 14 soil 

series from Hissar, in which wheat  was grown (Mittal et al., 1987b).

Beegle  and Baker (1987) studied the differential  potassium buffer  

behaviour of 3 soils (typic hapludalf ,  entic. haplorthord and typic hapludull) in 

which alfalfa  was grown. The buffer  relationships determined indicated very 

different  IC behaviour  for these soils even though exchangeable  IC soil test 

indicated similar  IC levels. They suggested that  the  K buffering behaviour of



individual soils could be included in K management  decisions involving 

corrective soil treatments.

The Q/I p lo t  components labile  K, act ivity ratio of K at  equil ibrium 

and l inear  PB CK were  affected by ti l lage and N addition in soils under 16 year 

continuous maize production with conventional  tillage and no tillage 

management. The IC^ and A R q̂  were highest  for no t i l lage soil with  and 

w ithou t  N addit ion (Evangelou and Blevins, 19S8).

Maji and Chatterjee (1990b) investigated Q/I relation of soil IC in 

four surface  soils of India  belonging to Plinthustalf,  haplustalf,  Pa leuster t  and 

vert ic  Ustochrept soil taxonomical  units cropped to maize and wheat . AKL, 

PBCK and - AF values were  found to be more in montmori l loni te  dominated 

black soils compared to illi tic  red soils bu t  reverse  results were  observed in 

case of A F ^  values. Two new parameters namely buffering capacity of  K in 

saturation extract  (BCKse) and unified solution Q/I factor were  worked out  in 

these soils.  But these w ere  found to have no extra advantage  over those 

derived from Beckett ’s Q/I technique.

Patiram (1991) reported that  in acid soils of Sikkim (haplumbrepts

and dystropepts)  growing maize all the Q/I parameters were  found to be

K. Ksignificantly and positively correlated with one another except AR 0  and PBC .

The dry matter  yield, K concentration and K uptake of the maize p lant  were

K. Ksignificantly and posit ively correlated with A R q , AKL and PBC .



Mukhopadliyay el al. (1992) reported that  on depletion of 0.8 to 

6.1 g kg ' 1  K  from five micaceous soils of Punjab by growing 18 crops of two 

months durat ion, Q/I isotherms were  shif ted  upward. I t  caused an increase of 

0.16 to 1.36 cmol kg'* of sites specific  for K and overall selectivity of K over 

Ca was also increased.  AKL in the range of 1.3 to 2.5 m mol kg ’ 1  was reduced 

to 0.4 to 0.6 m mol ( K 4) kg ' 1  on cropping. AR^, which was in the range of  

0.0003 to 0.0017 mol * 1 / 2  dm ' 3 / 2  reduced to 0.0001 to 0.0003 m ol ' 1 / 2

dm on cropping.. The increased K preference was found to be equivalent  to 

a chemical  potential  (AF) of 2.65 to 4.37 KJ m o l '1.



M A T E R IA L S A N D  M E T H O D S



M A TE R IA L S AND M E T H O D S

3Soil samples from - a 3 confounded factorial  experiment  at  

Coconut  Research Station, Balaramapuram were used for the study.

Experimental Site

The Coconut  Research Station,  Balaramapuram lies a t  8 °2 9 ’N 

lat i tude and 76° 5 7 ’ E  longitude and at  64 m above mean sea level. Climate  is 

humid tropical.  Mean annual rainfall ranges from 1200 to 1500 mm. The 

average maximum and minimum temperatures are  30.7°C and 23.4°C 

respectively.

The Soil

The soil is red loam and an acidic alfisol.  The soil is c lassif ied as 

Fine Loamy Kaolin i t ic  Isol iyperthermic Kandic Haplustalf.

The Experiment

The study was conducted deriving materials from the 25 year  old 

NPK factorial experiment  in which coconut  palms received N nt. 0, 340 and 680; 

P 2 0 5  a t  0,225 and 450 and K 20  at  0, 450 and 900 g/palm/year.  Each plot  has 

four palms per  treatment. The palms (West Coas t  Tall) have been planted a t  a



spacing of 7.5 x 7.5 m each treatment replicated twice. N, P and K. were 

applied as ammonium sulphate  (20.5 percent  N), super  phosphate  (16 percent 

P 2 0^ )  and muria te  of polash (60 per cent  K 2 0 )  respectively. There  was no 

organic matter  application in any of the treatment.

Collection of soil samples

Soil samples collected from the active root  zone (0-60 cm depth) of 

the experimental  palms during 1989 ie., after  25 years of fer t i l izer  application 

were  used for the study. This was to maintain the  uniformity of fert i lizer 

sources, which has s ince been changed from ammonium sulphate,  s ingle  

superphosphate  and muriate  of potash to urea, rock phosphate  and muria te  of 

potash respectively. Soil samples collected from basins of the four 

experimental  palms in each plot  ( at a distance of 180 cm from the bole  and at a 

depth of  0-60 cm) were used for  making composite  samples.

Analytical  m ethods

Soil  samples collected were  analysed for pH, electrical 

conductivity,  organic carbon, cation exchange capacity, exchangeable  cations, 

forms of potassium and Quantity .- Intensity parameters of potassium. Mineral  

composit ion of  the clay fraction of soil collected from uncropped area, was also 

dertermined.

Analytical  procedures adopted for  the estimation of physico 

chemical  propert ies of soils and exchangeable  cations were  as follows.



Physico chemical  characterist ics of  the soil

SI. No. Characteris tics Methods followed .

1 . pH

(Soil : water  1:2.5)

pH meter

2 . Electr ical  conductivity 

(Soil:  W ater  1: 2.5)

Conductivity br idge

3. Organic  Carbon Rapid tit rat ion method of 

Walkley and Black. 

(Walkley, 1946)

4. Cation exchange capacity 

(CEC)

Using neutral normal

ammonium aceta te  (Chapman, 1965)

5. Exchangeable  Ca, Mg 

and Na

Using neutral  normal ammonium 

acetate  and atomic absorption 

spectrophotometry (Jackson, 1967).

6 . Exchangeable  Fe, Cu, 

Mn and Zn

Using DTPA extracting 

solution and atomic absorption 

spectrophotometry (Lindsay and 

Norvel, 1978).

7. Exchangeable  Al Using 1  M KC1 and atomic 

absorpt ion spectrophotometry 

(Jackson, 1967)



The follow ing laboratory procedures w ere  used to determ ine 

d ifferent forms of potassium .

Water soluble K

W ater so luble  K was estim ated by extraction  with d is tilled  water. 

Ten gram of soil was treated with 50 ml of d istilled  water, shaken for 1 hour 

and filtered. Potassium  was determ ined by flam e photometry (Jackson, 1967).

A v a ilab le  K

A vailab le  K was estim ated by extraction with neutral normal 

ammonium acetate  (Hanway and Heidal, 1952). F ive g of soil was treated  with 

25 ml of neutral normal ammonium acetate, shaken for 5 minutes and was 

filtered. Potassium  was determined by flame photometry.

E x c h a n g ea b le  K.

This was com puted as the d ifference between available  K and w ater

soluble  K.

HNO.i e x tra c ta b ie  K

Finely ground soil (2.5 g) was taken in an E rlenm eyer flask  and 1.0 

N HNO 3  (25ml) was added. The contents w ere  boiled  for 10 minutes, cooled, 

f iltered  and m ade upto 1 0 0  ml in a volum etric  flask  by subsequen t w ashing  

w ith  0.1 N HNO 3 . Potassium  was determined by flame photometry ( W ood and 

Deturk, 1941).



N o n  e x c h a n g e a b l e  K

It was estim ated by subtracting  availab le  K from HNO 3  - K.

T o ta l  IC

Finely ground soil (0.1 g), taken in a platinum  crucib le  was 

digested  with 5 ml HF and 0.5 ml HCIO^ on a ho t  plate. The contents w ere  then 

evaporated  to dryness in a sand bath a t  200 to 225°C. I t  was cooled and 5ml of 

6 N HCi and 5 ml of w ater w ere  added. Then the so lu tion  was gently boiled  

over a ho t  plate, and the residue was completely dissolved. It was cooled and 

transferred to 100 ml vo lum etric  flask  and m ade upto volume. Potassium  was 

determ ined by flame photometry (Pratt, 1965).

Q u a n t i ty  - In te n s i ty  p a ra m e te r s

Five cen trifuge  tubes were filled  with 5 g each of soil passing 

through 2mm sieve. Thirty m ill il i tre  each of 0.01 M C a C ^  solution contain ing  

graded levels of ICC1 (0, 0.5 , 1.0 2.0 and 3.0 x 10 ~ 3  M KC1) was added to the 

tubes. These samples were shaken for 1 hour and then centrifuged. In the 

supernatan t solution, K was determ ined by flam e photometry and Ca and Mg by 

atomic absorption spectrophotom etry .

the concentra tion  of K, Ca and Mg. The am ount of K gained or lost (+  AK) by

The follow ing procedure  by Beckett (1964 b) was adopted.

The activity ratio  AR^ = aK
was calculated  from



soil was calcu lated  by subtracting the concentra tion  of K in the so lu tion  before  

and after equilibration.

K.The quantity intensity Q/I curve was prepared w ith AR on the 

X-axis and +  AK on the Y axis. From the p lo t of AK versus the activity ratio, 

the Q uantity / Intensity  (Q/I) param eters w ere  obtained. The in te rcep t of Q/I 

curve on the X- axis (AR axis) gave the equilibrium  activity ratio (AR^) which 

measures the immediately available  K rela tive  to Ca and Mg.

The AKq value was obtained by draw ing a tangent from the point 

on Q/I curve w here  AK = 0 .  The AKL V alue  was obtained by extrapolation  of 

the Q/I curve till i t  in tercep ted  the Y - axis. The d ifference  between AKL and 

AKQ gave the v a lu e  of AKX.

FTThe potential buffering capacity (PBC ) was determ ined by 

d ividing AK 0  by AI^.. The potassium  potential was estim ated by m ultiplying 

AK 0  w ith  PBCK.

The free energy change of the K -  (Ca +  Mg) exchange was 

calculated from the re la tionsh ip  (Beckett, 1972), given below.

-  AG = 2 .3 0 3  RT log A l £

where, AG denotes the free  energy change of K - (Ca + M g )  exchange, R is the 

gas constant, T  is the abso lu te  tem perature  and A I ^  the activity  ratio of K at 

equilibrium  when AK = 0 .  This va lue  denotes the w ork done to ex tract K from 

soil and hence they are negative.



C h a ra c te r i s a t io n  o f  C lay  m in e ra ls

The fine clay for X - ray d iffraction  analysis was separated as per 

the procedure  outlined  by ICunze and Dixon (1986).

The pow dered clay was placed  on a  s lide  and X -rayed  using a 

Philips X-ray d iffractom eter with Copper Ka  radiation. Iden tif ication  of clay 

m inerals p resen t in the samples w.aL?;: m ade by ca lcu la ting  the  characteristic  (d ' 

spacings.

S ta t i s t ic a l  a n a ly s is

A nalysis o f variance  technique was used to study the effect 

o f applied  treatm ents on various param eters investigated. S im ple correlations 

w ere  also estab lished  between soil chemical properties, fractions of potassium  

and Q/I parameters. S im ple linear and m ultip le  regression equatious w ere  

developed to relate  y ie ld  w ith  s ign ifican t a ttributes.

Q/I curves w ere  prepared w ith the mean values of AR and +  AK 

for two replications. The resu ltan t Q/I param eters, therefore, w ere  not 

replicated. Thus the tables 10 and 11 w ere  no t s ta tis tically  analysed.



R E SU L T S



RESULTS

Data generated through soil chem ical analysis and the observations 

on y ie ld  of coconut w ere  subjected to s ta tis tica l analysis to study the e ffect of 

applied treatments on various parameters. Results of the analysis o f variance, 

correlations and m ultip le  regression analysis are presented in Tables 1 to 22.

4.1. Soil p ro p e r t i e s

Mean data on the e ffect of trea tm ent com bination, the main effects 

of N, P and K and the tw o-factor interactions on various soil properties are 

presented in tables 1, 2 and 3. Sa lien t findings are textually depicted.

4.1 .1 . Soil re a c t io n

The treatm ents recorded a pH range o f 4.03 (n 2 p 1 k1) to 5.1 

(noPlko)> mean being  4.64. The plots w here  no nitrogen was applied during 

the last 25 years ie., from the s ta rt  o f  the experim ent recorded a significantly  

high pH value  com pared to those treated  w ith  340 and 680 g N /palm /year 

(Table 2). Such differences w ere  not seen in the case of P and K. The 

in terac tion  effects of N, P and K also d id  no t influence  the pH of the soil.



4.1.2. E le c t r ic a l  C o n d u c tiv i ty

E lectrical conductiv ity  for all the soil samples of d ifferen t 

treatm ents w ere  less than 0.05 ds m '1; indicating  low sa lt  concentra tion  in the 

soil solution. So the data w ere  not subjected to sta tis tica l analysis.

4 .1 .3 . O rg a n ic  C a rb o n

The soils recorded low organic carbon content 0 .32 (uqP 2  

kg) to 0.48 per cen t (n 2 p jk 2) the mean being 0.40 per cent. None of the 

fertilizer elements, o r their in teractions significantly  affected the soil organic 

carbon (Table 1,2,3). How ever the main effect of nitrogen was remarkable, 

w here n 2  trea tm ent recorded 0.42 per cent against 0.38 per cent in nQ 

treatment.

4 .1 .4 . C a tio n  E xchang e  C a p ac ity  (C E C )

The CEC of the soil under d ifferen t fe rtilizer treatm ents ranged 

from 3.10 (ngpgkg) to 4*75 (n 0 p 2 k2) c mol (p*) kg"1. The CEC of the soil was 

found to increase  with an .increase  in the level of N from ng to n2. In the case 

of P no s ign if ican t difference was seen in CEC a t  p 1  and p 2  treated plots but 

CEC was high in these plots compared to p 0  plots. CEC in the k 2  treated plots 

w ere  significantly  high in comparison w ith  k^ and kg, but between kj and kg, 

no s ign if ican t d ifference  was observed. The effec t of two factor in teractions 

NP, NK and PK on CEC w ere  s ign if ican t  (Table 3). In the absence of N, an 

increasing trend  was seen at increm ental level of P. B ut in the presence of n^ 

and n 2  a quadratic  trend was seen at pQ, p j  and p 2- As far as NK interaction 

was considered, K produced an increasing trend in the absence of N, and a



quadratic  trend  a t  n a level, bu t such a pattern  was not seen in the case of k  in 

com bination with n2. How ever no s ign if ican t d ifference  in CEC was seen at 

various levels of K in com bination w ith n v  S im ilarly when k was com bined 

with n 2  no s ign if ican t d ifference  was observed a t  kg and kj and also kg and k 2.

The e ffec t of NPK in teraction  on CEC was not s ign ifican t

(Table 1).

4 .1 .5 . E x c h a n g e a b le  ca lc ium

The exchangeable Ca content of the soil was not s ignificantly  

influenced by the long term  ferti lizer  app lica tion  of N, P and K either a lone  or 

in combination. However, the p 1  and p 2  levels resulted  in rem arkable 

im provem ent o f exchangeable  Ca (Table 2). This was m ore so a t  n^ level 

(table  3).

4 .1 .6 . E x c h a n g ea b le  m agnesium

The exchangeable  Mg content of the soil under d ifferent 

treatm ents va ried  from  13,43 (n 0 p 2 k2) to 21.47 ppm (n 2 pjkg). In the case of 

Mg the main effects of P and K w ere  not significant, bu t  that o f N was 

significant. The exchangeable  Mg con ten t of the soil was found to increase  

w ith  an increase  in level of N from ng to n2  (Table 2). The exchangeable  Mg 

content of n2  trea ted  p lo t was significantly  h igher than ng and n^. In the case 

of NK interactions K produced a decreasing trend in the absence of N and an 

increasing trend  a t  level. Such a pattern was not seen in the case of K in 

com bination with n2. How ever no s ign if ican t d ifference  in the exchangeable  

Mg content was seen at various levels of K in com bination  w ith  ng and n2. But



when K was combined w ith  n 1} the exchangeable  Mg content of the p lo t treated 

with k 2  was significantly  h igher than the plots receiv ing  K a t k-j level, The 

NPK in terac tion  has no t  influenced the exchangeable  Mg content of soil 

(Table 1).

4 .1 .7 . E x c h a n g e a b le  Sodium

The exchangeable  Na conten t of the soil was in fluenced  by the long 

term application of N, b u t  no t  of P and K. The exchangeable  Na con ten t of the 

soil de teriora ted  due to the applica tion  of N a t 340 and 680 g N /palm /year. As 

far as NP in teractions are considered P produced an increasing trend  in the 

presence of n2, quadratic  trend in the presence of and no such pattern in the 

absence o f N. The N K  in teraction  and. the PK in terac tion  did not produce any 

s ign if ican t d ifference  in the exchangeable  Na content. Sim ilarly the NPK 

in teraction  also d id  not produce any sign ifican t change.

4 .1 .8 . E x ch a n g ea b le  A lu m in ium

Exchangeable  Al con ten t of the soil was in fluenced  by the long 

term application of N but n o t  of P and K. An increasing  trend was observed 

from  n 0  to n2. The exchangeable  Al contents o f n j  and n 2  treated  plots were 

significantly  h igher than the plots w hich has no t received  N. The in teraction 

effects of N ,P and K have no t influenced the  exchangeable  Al con ten t o f the 

soil.

4 .1 .9 . E x c h a n g e a b le  i ro n

None of the ferti lizer  elements N #K  or their interaction affected  

the exchangeable Fe  content of the soil.



o

T a b l e  1 .  E f f e c t  o f  g r a d e d  n u t r i t i o n  o f  c o c o n u t  o n  s o i l  p r o p e r t i e s

S i .

Ilo.

T r e a t 

ment

pH O r g a n i c

carbon

U )

CEC Exc ha ng e abl e  C a t i o n s  (ppm)

C D O l -

k g ' 1 Ca Hg Na Al Fe Mn Cu Zn

1 V o k o 4. 90 0 . 3 7 3 . 1 0 38. 60 2 7 . 2 0 26 . 0 0 72 28. 56 2 8. 45 0. 85 2. 59

2 V o k i
4 . 4 8 0 . 4 7 3 . 1 0 3 0 . 0 7 2 4 . 5 7 38. 00 126 2 1 . 4 2 3 0 , 1 7 0 . 85 2 . 6 7

3 n0 p0 k 2
5. 09 0. 3 5 3 . 5 5 3 0 . 0 7 1 4 . 7 4 26. 00 72 3 2 . 1 3 2 6 . 7 2 0 . 8 8 2. 56

4 V | k Q
5 . 1 0 0. 3 8 3. 50 39. 46 15. 89 43. 00 72 3 0. 35 3 2 , 7 5 0 . 1 7 2 . 7 4

5 ¥ i k i 4 . 8 4 0 . 3 7 3. 60 4 9 . 2 7 1 5 . 7 7 33. 00 • 108 2 1 . 4 2 3 2 . 7 6 0 . 1 9 2 . 3 0

6 V l k 2
4 . 86 0 , 3 4 3 . 7 0 25. 60 2 1 . 1 4 4 2 . 0 0 108 24. 99 24. 99 0 . 8 8 2 . 64

7 n0 p2 k 0
4 . 95 0 . 3 2 3 . 6 5 35. 20 22. 06 29 . 0 0 1 2 2 1 . 7 1 3 1 . 0 4 0 . 7 9 2 . 83

8 n0 p z t , 4 . 9 4 0. 3 8 ' 4 . 1 5 39. 46 15. 09 60. 00 54 28. 56 29. 32 0 . 8 7 2 . 62

9 n0 p2 k 2
4 . 8 7 0 , 4 6 4 . 7 5 32 . 42 1 3 . 4 7 28. 0 0 72 28. 56 3 1 . 0 3 0 . 7 7 2 . 7 1

10 " i pok o 4 . 60 0, 33 3 . 9 5 2 7 . 3 0 15. 43 54. 0 0 126 3 0. 35 27 . 59 0. 80 2 . 92

I I n l p 0 k l 4 . 2 6 0 . 4 5 4 . 05 2 9 . 0 1 19. 89 34. 00 144 3 2 . 1 3 3 0 . 1 8 0 . 7 3 2 . 7 0

12 n | pflk 2
4 . 4 5 0 . 4 4 4 . 05 2 4. 53 2 4 . 1 2 38. 00 ■■ 126 25. 28 28. 4 4 0. 82 2. 59

13 V l k 0
4 . 5 1 0. 38 4 . 2 5 30. 23 1 5. 43 1 2 . 0 0 90 28. 56 4 0 . 4 7 0 . 8 6 2 . 7 8

14 n | p I k | 4. 56 0. 40 4 . 2 0 2 7 . 5 1 24. 00 1 5. 00 126 3 0. 35 3 1 . 0 4 0 . 7 5 2. 64

15 n l p l k 2
4 . 4 6 0 . 4 3 4 . 1 5 52. 04 26. 51 24. 00 126 28. 56 3 4. 48 0 . 8 1 2 . 7 2

16 n | p2 k 0
4. 8 5 0. 33 3 . 6 5 4 7 . 9 9 1 4 . 7 4 23. 00 90 3 2 . 1 3 ■ 2 6 . 7 1 0. 80 2. 36

17 n l p2 k ! 4 . 68 0. 4 0 4 . 1 5 4 5 . 8 1 1 4 . 5 1 26. 00 108 24. 99 2 6 . 7 2 0 . 7 6 2. 60

18
r* 1 Z

4 . 63 0. 4 4 3. 95 4 0 . 3 1 2 4 . 1 1 1 5. 00 108 2 7 . 0 2 3 2 . 7 7 0 . 7 6 2 . 5 3

19 " z p ok o 4 . 3 4 0 . 4 2 3. 90 4 4 . 7 9 25. 36 - 1 5. 00 . 126 2 7 . 0 3 25. 00 0. 85 2. 56

2 0 n2 p 0 k | 4 . 7 4 0. 46 3 . 90 4 3 . 7 2 23. 54 13. 00 90 3 5 . 7 0 4 7 . 4 1 0. 80 2 . 83

2 1 n 2 p0 k 2
4. 0 3 0 . 3 5 4. 0 5 26. 66 25. 60 19, 00 144 3 2 . 1 3 33. 63 0 . 7 9 2 . 80

2 2 n2 p | k 0
4 . 93 0 . 4 7 4 . 7 0 24. 95 3 2 . 21 9. 00 126 23. 49 2 7 . 5 8 0. 80 2 . 3 1

23 ri 2  P |  ̂ | 4 . 03 0 . 4 1 4 . 25 3 1 . 3 5 2 1 . 8 1 49. 00 108 30. 35 3 0 . 1 8 0 . 7 3 2 . 4 3

24 n 2 ? 1  ̂Z
4. 56 0. 4 8 4. 5 0 3 5 . 1 9 25. 03 1 0 . 0 0 126 2 6 . 7 8 29. 32 0 . 8 6 2. 83

25 n2 p 2 k fl 4 . 7 3 0. 3 5 4 . 25 3 7 , 1 1 . 23 . 42 1 7 . 0 0 90 3 2 . 1 3 3 2 . 7 8 0 . 7 9 2 . 8 3

26 n^p^k | 4 . 3 7 0 . 4 7 4. 30 39. 89 29. 59 33. 00 144 25. 28 3 1 . 9 1 0. 82 2 . 7 6

27 n 2 p 2 k 2
4 . 5 7 0. 3 8 4 . 7 0 2 9 . 0 1 2 4 . 4 5 49. 00 108 3 5 . 7 0 3 1 . 9 1 0 . 8 7 2 . 7 5

Mean 4 . 6 4 0. 40 4. 00 35. 46 2 1 . 4 7 28. 89 106 28. 36 30. 94 0 . 8 1 2 . 6 5

CD ( 0 . 0 5 ) 23 . 31 0 . 0 7 2



T a b l e  2 .  M a i n  e f f e c t s  o f  N , P  a n d  K  o n  s o i l  p r o p e r t i e s .

S I  . 
N o .

T r e a t 
m e n t

p H O r g a n i c
c a r b o n

( % )

C E C  
c m o  1 

k g  1

E x c h a n g e a b l e c a t  i o n s ( p p m )

C a M g N a A l F e M n C u Z n

1
n 0

4 . 9 0 0 . 3 8 3 . 6 8 3 5 . 5 7 1 8 . 8 8 3 6 .  1 1 8 4 2 6 . 4 1 2 9 . 6 9 0 . 8 2 2 .  6 3

2 n l 4  . 6 0 0 . 4 0 4  . 0 4 3 6  . 0 8 1 9 .  8 6 2 6 . 7 8 1 1 6 2 8 . 8 2 3 0 . 9 3 0 . 7 9 2 . 6 5

3
n 2

4 . 5 0 0 . 4 2 4 . 2 8 3 4 . 7 4 2 5 . 6 7 2 3 . 7 8 1 1 8 2 9  . 8 4 3 2 .  1 9 0 . 8 1 2 .  6 8

C D 0 . 1 8 0 . 1 1 3 . 6 0 7  . 7 0 2 3 . 2 4 0 . 0 2

4 P O 4 . 6 0 0 . 4 0 3 . 7 4 3 2 . 7 5 2 2 . 2 7 2 9 .  2 2 1 1 4 2 9 . 4 1 3 0 . 8 4 0 . 8 2 2  . 6 9

5 P i 4 . 7 0 0 . 4 0 4 . 0 9 3 5 . 0 7 2 1  . 9 7 2 6 . 3 3 1 1 0 2 7 . 2 0 3 1 . 5 1 0 .  8 0 2 .  6 0

6 P 2
4  . 7 3 0 . 3 9 4  .  1 7 3 8 . 5 7 2 0 .  1 6 3 1 . 1 1 9 4 2 8 . 4 5 3 0 . 4 6 0  . 8 0 2 . 6 6

C D 0 . 1 1

7
k 0

4 . 7 7 0 . 3 7 3 . 8 8 3 6 .  1 9 2 1  . 3 0 2 5  .  3 3 9 6 2 8 . 2 5 3 0 . 2 6 0 . 8 1 2  .  6 5

8 k l 4 . 5 4 0 . 4 2 3  . 9 7 3 7  . 3 4 2 0 . 9 7 3 3 . 4 4 1 1 2 2 7  . 8 0 3 2 .  1 9 0 . 7 9 2 . 6 2

g
k 2

4 . 6 2 0 . 4 0 4 .  1 6 3 2 . 8 7 2 2 .  1 3 2 7  . 8 9 1 1 0 2 9 . 0 2 3 0 . 3 6 0 . 8 2 2  .  6 8

C D 0 . 1 1 0  . 0 2



I  u

Table 3. Effect of two factor interactions of N, P and K on soil properties

S I .

No.

T r e a t 

ment

pH O r g a n i c

carbon

( I )

CEC

CROl

Exc ha ng e abl e  C a t i o n s  (ppm)

Ca Hg Na A l Fe Fin Cu Zn

1 V o 4 . 8 2 0. 39 3 . 2 5 3 2. 91 2 2 . 1 7 3 0. 00 90 2 7 . 3 7 2 8. 44 0 . 8 6 2. 60

2 V i 4 . 93 0. 36 3. 60 3 8 . 1 1 1 7 . 6 0 39. 33 96 25. 59 3 0 . 1 7 0 . 8 1 2. 56

3 V 2
4 . 9 2 0. 38 4 . 1 8 35. 69 1 6 . 8 7 39. 00 6 6 26. 28 30. 46 0 . 8 1 2 . 7 2

4 V o 4 . 4 3 0 . 4 1 4 . 0 2 26. 94 1 9 . 81 42. 00 132 2 9 . 2 5 2 8 . 7 4 0 . 7 8 2 . 7 4

5
V i

4 . 5 1 0. 40 4 . 2 0 3 6. 6 1 2 1 . 9 8 1 7 . 0 0 114 2 9 . 1 6 3 5. 33 0 . 8 1 2 . 7 1

6 V 2
4 . 7 2 0. 39 3 . 92 4 4 . 7 0 1 7 . 7 8 2 1 . 3 3 1 0 2 28. 0 5 2 8 . 7 3 0 . 7 7 2 . 4 9

7 V o 4 . 3 3 0 . 4 1 3 . 9 5 38. 39 24. 83 1 5 . 6 7 1 2 0 3 1 . 6 2 35. 34 0 . 8 1 2 . 7 5

8
V i

4 . 5 0 0. 45 4 . 83 30. 50 26. 35 2 2 . 6 7 1 2 0 2 6 . 8 7 29. 03 0 . 7 9 2 . 5 2

9 n2 p 2
4. 5 6 0. 40 4 . 4 2 35. 33 25. 82 33. 00 114 3 1 . 0 4 32. 20 0. 82 2 . 7 7

CD 0 . 2 0 13. 34 10 0. 04 0 . 2 0

10 V o 4. 98 0. 36 3 . 4 2 3 7 . 7 5 2 1 . 7 1 32. 66 72 2 6 . 8 7 3 0 . 7 5 0. 80 2 . 7 2

II V l 4 . 7 5 0 . 4 0 3 . 6 2 39. 59 1 8. 48 43. 66 96 23. 80 3 0 , 7 5 0. 83 2. 53

12 V 2
4. 94 0. 38 4 . 00 29. 36 1 6. 45 32. 00 84 28. 56 2 7 . 58 0. 84 2. 63

13
V o 4 . 6 5 0 . 3 5 3 . 9 5 3 5 . 1 9 1 5. 2 0 2 9 . 6 7 1 0 2 3 0. 35 3 1 . 5 9 0 . 82 2 . 6 8

1.4 V i 4 . 50 0 . 4 1 4 . 1 3 3 4 . 1 1 1 9. 46 25. 00 126 2 9 . 1 6 2 9 . 3 1 0 . 7 4 2. 64

15
V 2

4 . 5 1 0. 43 4. 0 5 38. 96 2 4 . 91 2 5 . 6 7 1 2 0 26 . 95 3 1 . 8 9 0. 80 2 . 6 1

16
V o

4. 66 0 . 4 1 4 . 28 35. 62 2 7 . 00 1 3 . 6 7 114 2 7 . 5 5 28, 45 0 . 8 1 2. 56

17
V i

4 . 3 8 0 . 4 4 4;  15 38. 32 25. 00 3 1 . 6 7 114 3 0. 44 36. 50 0 . 7 8 2. 69

18 4 . 4 0 0 . 4 0 4 . 4 2 3 0. 28 25. 02 26. 00 126 3 1 . 5 4 3 1 . 6 2 0. 84 2 . 7 9

CD 0 . 2 0 6. 23 0. 04

19 V o 4 . 6 1 0 . 3 7 3. 65 36. 90 2 2 . 6 6 3 1 , 6 7 108 28. 64 2 7 . 0 1 0. 83 2. 69

2 0 V i 4 . 4 9 0. 46 3 . 6 8 3 4 . 2 7 2 2 . 6 6 28. 33 1 2 0 2 9 . 7 5 35. 92 0 . 7 9 2 . 7 5

21 V 2
4 . 5 4 0. 38 3. 88 2 7 . 08 2 1 . 4 3 2 7 . 6 7 114 29 . 85 29. 60 0. 83 2 . 65

2 2 V o 4 . 34 0 . 4 1 4 . 1 5 3 1 . 5 6 2 1 . 1 7 2 1 . 3 3 96 2 7 . 4 7 33. 60 0. 81 2 . 6 1

23 V i 4 . 4 7 0. 39 4 . 0 2 36. 04 20. 52 32. 33 114 2 7 . 3 7 3 1 . 3 3 0 . 7 5 2 . 46

24 V z 4. 63 0 . 4 1 4 . 1 2 3 7 . 6 1 2 4 . 2 2 25. 33 1 2 0 2 6 . 7 8 29. 60 0. 85 2 . 7 3

25
V o 4 . 8 4 0. 33 3. 85 4 0 . 1 0 2 0 . 0 7 23. 00 84 28. 66 3 0 . 1 3 0 . 7 9 2 . 6 7

26 V i 4 . 6 6 0 . 4 2 4 . 2 4 1 . 7 2 19 . 7 3 3 9 . 6 7 1 0 2 26. 28 29. 32 0 . 8 1 2 . 6 6

27 V 2
4. 69 0 . 4 2 4 . 4 7 3 3 . 9 1 2 0 . 6 8 3 0 , 6 7 96 3 0. 43 3 1 . 9 0 0. 80 2 . 6 6

CD 0 . 2 0 0. 04



4 .1 .1 0 .  E x c h a n g e a b l e  M a n g a n e s e

The main effects o f N, P and K did no t produce  s ign if ican t 

d ifference  in the exchangeable  Mn content of the soil. So the interactions 

between N, P and K assum ed litt le  importance.

4.1 .11. E x c h a n g ea b le  C o p p e r

The exchangeable  Cu con ten t o f the soil was influenced by the  long 

term application of N and K but no t P.

Application of N and K produced a quadratic  trend in the 

exchangeable  Cu con ten t o f the soil. In the presence of n^ and B2 at various 

levels of P a quadratic  trend was observed. But such a pattern was not seen in 

the absence of N a t  various levels o f P. In the case of NK interaction, K 

produced an increasing trend in the absence o f N and a quadratic  trend in the 

presence n-̂  and n 2 « In the case of PIC interactions a t  various levels of P in 

com bination w ith  various level of K ,a quadratic  trend was observed.

The NPK in terac tion  also produced  s ign if ican t changes in the 

exchangeable  Cu conten t o f the soil.

4 .1 .12. E x ch an g eab le  Z inc

The main effects of N, P and K did no t p roduce  s ign if ican t changes 

in the  exchangeable  Zn conten t of the soil. So the in teractions between N, P 

and K assumed lit t le  importance.



4 .1 .1 3 .  C la y  m i n e r a l o g y

The X-ray diffractogram  of the clay fraction of the  soil is presented 

in figure  1 and the clay mineral characterisa tion  is presented below. K aolin ite  

was found to be the dom inant clay mineral in the soil and no other clay 

minerals w ere  found in appreciable  quantities.

Clay mineral characterisa tion  of the experim ental site.

‘d’ spacing Relative  intensity clay mineral 
identified

7.104 1 0 0 K aolin ite

4.432 51 K aolin ite

4.155 47 K aolinite

3.850 37 K aolin ite

3.562 95 Kaolinite

2.555 39 Kaolin ite

2.491 42 Kaolin ite

2.335 43 Kaolinite

2.288 37 Kaolin ite

4.2. P o ta ss iu m  s ta tu s  o f the soil

The mean values of data on the effect of applied fertilizers in the 

contents of soil potassium  fractions are presented in tables 4, 5 and 6 . There 

w ere  s ign if ican t differences in the forms of potassium  present in the soil after 

25 years of continuous application and crop uptake. The contents of w ater
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Fig. 1. X-ray diffractogram of the 
clay fraction of the soil



soluble, availab le  and exchangeable K, increased significantly  w ith  higher 

levels of potash application. The increase  was considerab le  in the case of 

HNO 3 -K also. No defin ite  trend was observed for non exchangeable K. though 

the plots which did not receive K showed higher non exchangeable  K.

4.2 .1 . W a te r  so lub le  K

The w ater soluble  potassium  in the soils under graded doses of N, F 

and K varied  from 6.00 to 18.50 ppm with a mean conten t of 10.80 ppm. 

n ip 2k j recorded h ighest w ater soluble K and n 1 p 2 k 0  recorded low est w ater 

so lub le  K. The e ffec t of NPK interaction on w ater soluble  potassium  content 

was s ign if ican t (Table 4).

The main effects of N and P w ere  no t s ign if ican t  on w ater so luble  

K w hile  the main effect of K produced s ign if ican t changes (Table 5). The 

w ater soluble  K conten t increased from k 0  to k 2  treatm ents w ith  k j and k 2  

treatm ents recording significantly  higher values than k 0  (w ithout K). The 

e ffec t of two factor interactions on w a te r  so lub le  K contents w ere  not 

s ignificant. (Table 6 ).

4 .2 .2 . A v a ilab le  K

Available  K contents of the soil under d ifferen t fertilizer 

treatments ranged from 12.5 (n 1 p^k0) to 63.00 ppm ( n p P l ^ )  w tth a mean 

content of 32.69 ppm.

The. e ffect of NPK interactions on availab le  K was not s ign if ican t 

(Table 4). Main effects of N and P on available  K content w ere  not s ign if ican t



whereTas long term application  of K has significantly  affected  the availab le  K 

in the soil (T able  5). The availab le  K content o f the soil increased  with h igher 

levels o f K applica tion  from  k 0  to k2- Both k j  and k 2  levels w ere  significantly  

superior to k0. The e ffec t of two fac to r  in teractions NP and NK on availab le  K 

con ten t w ere  n o t  s ign if ican t w h ile  PK in terac tion  resu lted  in s ign if ican t 

varia tion  in availab le  K conten t (Table 6 ). The available  K con ten t a t  P jk 2  

was significantly  h igher than other PK interactions. There  was s ign if ican t 

im provem ent in availab le  K with increm ental doses of fe r ti lize r  K com bined 

w ith p j  level. A t p 0  and p 2  levels, the  trend was quadratic.

4 .2 .3 . E x ch a n g ea b le  K

The exchangeable K content of the soils under graded doses 

o f N, P and K ranged from 4.00 to 51.00 ppm w ith  a mean conten t of 21.91 

ppm. The exchangeable  K was higher in n ^ p ^ ^  and low est in n 0 p 0 k2. The 

effect of NPK in teractions on exchangeable  K content was not s ign ifican t 

(Table 4). The main effects of N and P on the con ten t of exchangeable  K w ere  

no t significant, where^as the main e ffec t of K was s ign if ican t (Table 5). The 

content o f exchangeable  K increased w ith  h igher doses of potassium  from k 0  to 

k2. The exchangeable  K content of the k j and k 2  w ere  significantly  h igher than 

kQ (without K). Among the two factor in teractions only PK in teraction  could 

influence the content of exchangeable K significantly  (Table  6 ). The 

exchangeable K con ten t of p^k 2  was significantly  h igher than o ther PK 

interactions. As in the case o f availab le  K, the  enhancing e ffec t of K 

fertilization  on exchangeable  K  was more pronounced when K treatm ents w ere  

combined w ith P a t  level. The exchangeable  K in this case, ranged from 

6.67 a t to 19.67 a t k j and 44.83 ppm at k 2  level (Table 6 ).
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T a b l e  4 .  E f f e c t  o f  g r a d e d  n u t r i  
f r a c t i o n s  i n  t h e  s o i l

S I .  N o .  T r e a t m e n t s  W a t e r -  A v a i l a b l e
s o l u b l e  K ( p p r a )  

K C p p m )

1 n 0 p 0 k 0
6 . 5 0 1 9 . 0 0

2 n o P 0 k l 1 4 . 5 0 3 7 . 0 0

3 n O P O k 2
1 5 . 5 0 1 9 . 5 0

4 ^ \ ) p l k 0
1 0 . 5 0 1 8 . 0 0

5 n o P i k i 1 0 . 0 0 3 8 . 5 0

6 n o P i k 2 1 2 . 0 0 6 3 . 0 0

7 n 0 p 2 k 0
7 . 0 0 1 7 . 5 0

8 n 0 p 2 k l 9 . 0 0 3 4 . 0 0

9 n 0 p 2 k 2
8 . 0 0 5 7 . 5 0

1 0 n l p 0 k 0
9 . 0 0 1 4 . 0 0

1 1 n l P 0 k l 1 3 . 0 0 3 7 . 0 0

1 2 n l p 0 k 2
1 0 . 5 0 4 1 . 0 0

1 3 n l p l k 0
8 . 0 0 1 2 . 5 0

1 4 n l p l k l 7 . 5 0 2 5 . 0 0

1 5 n l p l k 2
1 4 . 5 0 6 0 . 0 0

1 6 n l p 2 k 0
6 . 0 0 1 4 . 0 0

1 7 n l p 2 k l 1 8 . 5 0 5 1 . 0 0

1 8 n l p 2 k 2
8 . 5 0 2 5 . 0 0

1 9 ^ p o 1̂ 1 2 . 0 0 4 1 . 5 0

2 0 n 2 p 0 k l 1 0 . 0 0 3 6 . 5 0

2 1 n 2 p 0 k 2
1 6 . 0 0 4 4 . 0 0

2 2 n 2 p l k O 6 . 5 0 1 4 . 5 0

2 3 n 2 p l k l 1 1 . 5 0 2 4 . 5 0

2 4 n 2 p l k 2
1 7 . 0 0 5 4 . 5 0

2 5 n 2 p 2 k 0
1 2 . 5 0 4 5 . 5 0

2 6 n 2 p 2 k l 9 . 5 0 2 4 . 0 0

2 7 n 2 p 2 k 2
8 . 0 0 1 4 . 0 0

M e a n  1 0 . 8 0  3 2 . 6 9

C D  ( 0 . 0 5 )  8 . 1 7

i o n  o f  c o c o n u t  o n  p o t a s s i u m

E x c h a n g e a b l e  H N O q - K  N o n  E x c h -  T o t a l  K
K C p p m )  ( p p m )  a n g e a b l e  ( p p m )

K C p p m )

1 2 . 5 0 6 8 4 9 . 0 0 1 7 5 0

2 2 . 5 0 1 4 0 1 0 3 . 0 0 1 5 5 0

4 . 0 0 1 2 4 1 0 4 . 5 0 1 5 5 0

7 . 5 0 1 1 2 9 4 . 0 0 1 7 0 0

2 8 . 5 0 1 1 6 7 7 . 5 0 1 6 5 0

5 1 . 0 0  . 1 3 2 6 9 . 0 0 3 1 0 0

1 0 . 5 0 9 2 7 4 . 5 0 1 6 0 0

2 5 . 0 0 7 6 4 2 . 0 0 1 4 5 0

4 9 . 5 0 8 0 2 2 . 5 0 2 1 0 0

5 . 0 0 4 8 3 4 . 0 0 1 7 5 0

2 4 . 0 0 6 4 4 0 . 0 0 1 7 0 0

3 0 . 5 0 9 6 5 5 . 0 0 1 8 5 0

4 . 5 0 7 2 5 9 . 5 0 1 8 5 0

1 7 . 5 0 5 1 2 6 . 0 0 1 7 0 0

4 5 . 5 0 8 8 2 8 . 0 0 1 6 5 0

8 . 0 0 1 0 4 9 0 . 0 0 1 9 0 0

3 2 . 5 0 1 2 4 7 3 . 0 0 2 9 5 0

1 6 . 5 0 5 6 3 1 . 0 0 2 3 0 0

2 9 . 5 0 6 8 2 6 . 5 0 2 2 0 0

2 6 . 5 0 5 2 1 5 . 5 0 3 2 0 0

2 8 . 0 0 6 8 2 4 . 0 0 1 5 5 0

8 . 0 0 3 6 2 1 . 5 0 1 2 0 0

1 3 . 0 0 4 8 2 3 . 5 0 1 0 5 0

3 8 . 0 0 9 2 3 7 . 5 0 1 0 5 0

3 3 . 0 0 6 4 1 8 . 5 0 8 0 0

1 4 . 5 0 6 0 3 6 . 0 0 1 0 0 0

6 . 0 0 4 0 2 6 . 0 0 1 1 0 0

2 1 . 9 1 8 0 4 8 . 2 0 1 7 5 0



5 1

T a b l e  5 .  M a i n  e f f e c t s  o f  N , P  a n d  K  o n  p o t a s s i u m  f r a c t i o n s  i n  

t h e  s o i l

S I .  T r e a -  W a t e r  A v a i l a b l e  E x c h a n g e a b l e  H N O g - K  N o n  E x c h -  T o t a l  K  

N o .  t m e n t  s o l u b l e  K  ( p p m )  K  ( p p m )  ( p p m )  e a n g a b l e  ( p p m )

K  ( p p m )  K  ( p p m )

1  iiq

2  n^

3  n 2  

C D  ( 0 . 0 5 )  

' 4  p 0

5  p t

6  p 2

7 kQ

8  k
1

9 kr

C D  ( 0 . 0 5 )

1 0 . 3 3

1 0 . 6 1

1 1 . 4 4

8 . 6 7

3 3 . 7 7

3 1 . 0 6

3 3 . 2 2

1 1 . 8 9  3 2 . 1 6

1 0 . 8 3  3 4 . 5 0

9 . 6 7  3 1 . 3 8

2 1 . 8 3

1 1 . 5 0  3 4 . 1 6

1 2 . 2 2  4 2 . 0 6

2 3 . 4 4

2 0 . 4 4  

2 1 . 8 3

2 . 7 0 1 0 . 7 6

2 0 . 2 7

2 3 . 7 2

2 1 . 7 2  

1 3 . 1 6  

2 2 . 6 7  

2 9 . 8 9

9 . 4 2

1 0 4 . 4 4  7 0 . 6 7

7 8 . 1 1  4 8 . 5 0

5 8 . 6 6  2 5 . 4 4

3 1 . 8 6  3 1 . 7 6

8 0 . 8 8  5 0 . 1 7

8 3 . 0 0  4 8 . 5 0

7 7 . 3 3  4 5 . 9 4

7 3 . 7 7  5 1 . 9 4

8 1 . 2 2  4 8 . 5 0

8 6 . 2 2  4 4 . 1 7

1 8 2 7 . 7 7

1 9 6 1 . 1 1

1461.11

1 9 0 0 . 0 0

1661.11

1 6 8 8 . 8 8

1 6 3 8 . 8 8

1 8 0 5 . 5 5

1 8 0 5 . 5 5



T a b l e  6 .  E f f e c t  o f  t w o  f a c t o r  i n t e r a c t i o n s  o f  N , P  a n d  K  o n  

p o t a s s i u m  f r a c t i o n  i n  t h e  s o i l

S I .  T r e a t m e n t s  W a t e r  A v a i l a b l e  E x c h a n g a e b l e  H N O g - K  N o n  E x c h -  T o t a l

N o .  s o l u b l e .  K  K  a n g c t f b l e  K  K

K  ( p p r a )  ( p p m )  ( p p m )  ( p p m )  ( p p m )  ( p p m )

1
" o P o

1 2 . 1 7 2 5 . 1 7

2 " O P I 1 0 . 8 3 3 9 . 8 3

3 ” 0 P 2
8 . 0 0 3 6 . 3 3

4 n l p 0
1 0 . 8 3 3 0 . 6 7

5 n l p l 1 0 . 0 0 3 2 . 5 0

6 n l p 2
1 1 . 0 0 3 0 . 0 0

7 n 2 p 0
1 2 . 6 7 4 0 . 6 7

8 n 2 p l 1 1 . 6 7 3 1 . 1 7

g n 2 p 2
1 0 . 0 0 2 7 . 8 3

1 0 rio k o 8 . 0 0 1 8 . 1 7

1 1 n Q k 1 1 1 . 1 7 3 6 . 5 0

1 2 * 0 k 2 1 1 . 8 3 4 6 . 6 7

1 3 n l * 0 7 . 6 7 1 3 . 5 0

1 4 n l k l 1 3 . 0 0 3 7 . 6 6

1 5 n l k 2
1 1 . 1 7 4 2 . 0 0

1 6 “ 2 * 0
1 0 . 3 3 . 1 3 3 . 8 3

1 7 n 2 k l 1 0 . 3 3 2 8 . 3 3

1 8 n 2 k 2
1 3 . 6 7 3 7 . 5 0

1 9 p o k o 9 . 1 7 2 4 . 8 3

2 0 p 0 k l 1 2 . 5 0 3 6 . 8 3

2 1 p 0 k 2
1 4 . 0 0 3 4 . 8 3

2 2 p l k 0
8 . 3 3 1 5 . 0 0

2 3 p l k l 9 . 6 7 2 9 . 3 3

2 4 p l k 2
1 4 . 5 0 5 9 . 1 7

2 5 p 2 k 0
8 . 5 0 2 5 . 6 7

2 6 p 2 k l 1 2 . 3 3 3 6 . 3 3

2 7 p 2 k 2
8 . 1 7 3 2 . 1 7

C D ( 0 . 0 5 ) 1 8 . 6 4

1 3 . 0 0 1 1 0 . 6 7 8 5 . 5 0 1 6 1 6 . 6 7

2 9 . 0 0 1 2 0 . 0 0 8 0 . 1 7 2 1 5 0 . 0 0

2 8 . 3 3 8 2 . 6 7 4 6 . 3 3 0 1 7 1 6 . 6 6

1 9 . 8 3 6 9 . 3 3 .  4 3 . 0 0 1 7 1 6 . 6 6

2 2 . 5 0 7 0 . 3 3 3 7 . 8 8 1 7 3 3 . 3 3

1 9 . 0 0 9 4 . 6 7 6 4 . 6 7 2 3 8 3 . 3 3

2 8 . 0 0 6 2 . 6 7 2 2 . 0 0 2 3 1 6 . 6 6

1 9 . 6 6 5 8 . 6 7 2 7 . 5 0 1 1 0 0 . 0 0

1 7 . 8 3 5 4 . 1 6 2 6 . 8 3 9 6 6 . 6 7

1 0 . 1 7 9 0 . 6 7 7 2 . 5 0 1 6 8 3 . 3 3

2 5 . 3 3 1 1 0 . 6 6 7 4 . 1 7 1 5 5 0 . 0 0

3 4 . 8 3 1 1 2 . 0 0 6 5 . 3 3 2 2 5 0 . 0 0

5 . 8 3 7 4 . 6 7 6 1 .  1 7 1 8 3 3 . 3 3

2 4 . 6 7 7 9 . 6 7 4 6 . 3 3 2 1 1 6 . 6 6

3 0 . 8 3 8 0 . 0 0 3 8 . 0 0 1 9 3 3 . 3 3

2 3 . 5 0 5 6 . 0 0 2 2 . 1 7 1 4 0 0 . 0 0

1 8 . 0 0 5 3 . 3 3 2 5 . 0 0 1 7 5 0 . 0 0

2 4 . 0 0 6 6 . 6 7 2 9 . 1 7 1 2 3 3 . 3 3

1 5 . 6 6 6 1 . 3 3 3 6 . 5 0 1 9 0 0 . 0 0

2 4 . 3 3 8 5 . 3 3 5 2 . 8 3 2 1 5 0 . 0 0

2 0 . 8 3 9 6 . 0 0 6 1 . 1 7 1 6 5 0 . 0 0

6 . 6 7 7 3 . 3 3 5 8 . 3 3 1 5 8 3 . 3 3

1 9 . 6 7 7 1 . 6 7 4 2 . 3 3 1 4 6 6 . 6 7

4 4 . 8 3 1 0 4 . 0 0 4 4 . 8 3 1 9 3 3 . 3 3

1 7 . 1 7 8 6 . 6 7 6 1 . 0 0 1 4 3 3 . 3 3

2 4 . 0 0 8 6 . 6 7 5 0 . 3 3 1 8 0 0 . 0 0

2 4 . 0 0 5 8 . 6 7 2 6 . 5 0 1 8 3 3 . 3 3

1 6 . 3 2
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4 . 2 . 4 .  H N Q 3  —  K

The conten t of HNO 3 -K of soils ranged from 36 to 140 ppm w ith  a 

mean con ten t o f  80.41 ppm. H N 0 3-K was h ighest in the trea tm ent n ^ l ^  and 

low est in n 2 P ik 0- However, the effect of NPK in terac tion  on HNO 3 -K was not 

s ign ifican t (Table 4). The main effect of N on HNO 3 -K content was sign ifican t 

(Table 5). The HNO 3 -K decreased from n 0  to n2. The HNO 3 -K content of the 

n^ treatm ent was significantly  higher than the n2  treatm ent, n-j and n 2  

treatm ents w ere  on par. The main effects of P and K  on HNO 3 -K conten t w ere  

no t s ign ifican t (Table 5). B u t the data  showed an increasing trend with higher 

levels o f K. The e ffec t of two fac to r interaction NP, NK and PK on HNO 3 -K 

w ere also n o t s ign if ican t  (Table 6 ).

4 .2 .5 . Non ex ch a n g ea b le  K

The non-exchangeable  K conten t of the soil varied  from 15.5 

(n 2 p 0 k i)  to 104.5 ppm (nQp0 k2) w ith  a mean content o f 48.20 ppm. None of 

the in teractions, nor the main effects of K or P could a ffec t this param eter 

sign ifican tly . However, long term application  of ammonium su lphate  resu lted  

in sign ifican t reduction  of non exchangeable K in the soil (Table 5). The 

values decreased from 70.67 ppm a t n 0  level to 48.50 and 25.44 ppm at n j  and 

n 2  levels respectively .

A decreasing trend in non exchangeable  K was observed w ith  

increasing levels of P as w ell as K, though the effects w ere  not s ign ifican t 

(Table 5).



4.2.6. Total K

The total K content o f the soil under graded doses of N, P and  K 

va ried  from 800 to 3200 ppm w ith  a mean con ten t of 1750 ppm. The to ta l K 

content was h ighest in the treatm ent n 2 P()kj and low est in n 2 p 2 k0. The effect of 

NPK interactions on to ta l K  was not s ignificant. (Table 4). The main e ffec t of 

N, P and K and the effect of two factor in teractions NP, NK and PK on total K 

w ere  also no t s ign if ican t (Tables 5 and 6 ).

4.3. Q u a n t i ty  /  In te n s i ty  p a r a m e te r s  of P o ta ss iu m

The effect o f long term differen tia l nu trition  of coconut on the Q/I 

parameters and the mean values fo r  the experim ental area are  available  in tab le  

7. The treatm ents resu lted  in rem arkable  varia tion  in all the parameters.

There was considerable  varia tion  in these potassium  availability  

indices. For example, the PB C ^ raged from 0.21 to 2.33 w ith  a mean of 0.96 

meq 1 0 0  g ' 1  (mol l i t re _ 1 ) 1 / 2  whereas the A R ^  ranged from 0.0006 to 0.006 

w ith  a mean o f 0.0027(m ol litre ’ ^ ) ^ 2  (Table 7).

H igher levels of N resulted  in an increase  in PBCK whereas
XT

potassium  application  reduced the PBC (Table 8 ).

AR^“ decreased from n 0  to nj and n2  levels. - At p 0  and p 2  levels 

AR^“ was same and A R ^  a t p̂  ̂ level was higher than p 0  and p 2  levels. A R ^“ 

decreased from 1^ to k j level, b u t  increased  from  k j  to k 2  level. (Tables 7 

and 8 ).



T a b l e  7 .  E f f e c t  o f  g r a d e d  n u t r i t i o n  o f  c o c o n u t  o n  Q / I  p a r a m e t e r s  
o f  p o t a s s i u m

S I .
N o .

T r e a t 
m e n t

P B C ^  m e  
l O O g  1  

( m o l  ,  
l i t r e  )

a r 6 k / ^ K o  m e  

1 0 0 g _ l

A K x  m e  

l O O g " 1

A K L  m e  

l O O g " 1

K
P o t e n t i a l  
m e  l O O g

( m o 1  - 1  1 / 2  
l i t r e  V / 2

A G  
K  J / m o l

1 n 0 p 0 k 0
2 . 0 0 0 . 0 0 1 4 0 . 0 0 2 8 0 . 0 0 1 0 0 . 0 0 3 8 0 . 0 0 5 6 - 1 6 . 2 6

2 0 . 5 3 0 . 0 0 6 4 0 . 0 0 3 4 0 . 0 0 1 6 0 . 0 0 5 0 0 . 0 0 1 8 - 1 2 . 5 0

3 n 0 P 0 k 2
0 . 7 1 0 . 0 0 1 4 0 . 0 0 1 0 . 0 0 0 8 0 . 0 0 1 8 0 . 0 0 0 7 1 - 1 6 . 2 6

4 n 0 p l k 0
0 . 6 7 0 . 0 0 5 4 0 . 0 0 3 6 0 . 0 0 2 4 0 . 0 0 6 0 0 . 0 0 2 4 - 1 2 . 9 2

5 " o P ^ l 1 . 3 0 0 . 0 0 2 0 0 . 0 0 2 6  • 0 . 0 0 1 4 0 . 0 0 4 0 0 . 0 0 3 4 - 1 5 . 3 7

6 n o P i k 2 0 . 3 8 0 . 0 0 6 4 0 . 0 0 2 4 0 . 0 0 1 6 0 . 0 0 4 0 0 . 0 0 0 9 1 - 1 2 . 5 0

7 n o P 2 k o 1 . 3 3 0 . 0 0 4 8 0 . 0 0 6 4 0 . 0 0 1 4 0 . 0 0 7 8 0 . 0 0 8 5 - 1 3 . 2 0

8 n 0 P 2 k l 1 . 0 0 0 . 0 0 2 0 . 0 0 2 0 . 0 0 0 6 0 . 0 0 2 6 0 . 0 0 2 0 - 1 5 . 3 7

9 n 0 p 2 k 2
0 . 2 1 0 . 0 0 2 8 0 . 0 0 0 6 0 . 0 0 3 4 0 . 0 0 4 0 0 . 0 0 0 1 3 - 1 4 . 5 4

1 0 n l p 0 k 0
0 . 3 9 0 . 0 0 3 6 0 . 0 0 1 4 0 . 0 0 7 6 0 . 0 0 9 0 0 . 0 0 0 5 5 - 1 3 . 9 2

1 1 n l p 0 k l 0 . 8 2 0 . 0 0 2 2 0 . 0 0 1 8 0 . 0 0 0 8 0 . 0 0 9 6 0 . 0 0 1 5 - 1 5 . 1 4

1 2 n l p 0 k 2
0 . 7 1 0 . 0 0 1 4 0 . 0 0 1 0 0 . 0 0 1 4 0 . 0 0 2 4 0 . 0 0 7 1 - 1 6 . 2 6

1 3 n l p l k 0
3 . 3 3 0 . 0 0 0 6 0 . 0 0 2 0 0 . 0 0 2 6 0 . 0 0 2 8 0 . 0 0 6 7 - 1 8 . 3 5

1 4 ' n l p l k l 0 . 3 8 0 . 0 0 2 6 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 2 0 0 . 0 0 0 3 8 - 1 4 . 7 2

1 5 n l p l k 2
0 . 5 2 0 . 0 0 4 6 0 . 0 0 2 4 0 . 0 0 1 4 0 . 0 0 3 8 0 . 0 0 1 4 - 1 3 . 3 3

1 6 n l p 2 k 0
0 . 7 5 0 . 0 0 1 2 0 . 0 0 0 9 0 . 0 0 1 5 0 . 0 0 2 4 0 . 0 0 0 6 8 - 1 6 . 6 8

1 7 n l p 2 k l 0 . 5 5 0 . 0 0 2 2 0 . 0 0 1 2 0 . 0 0 1 2 0 . 0 0 2 4 0 . 0 0 0 6 7 - 1 5 . 1 4

1 8 n l p 2 k 2
0 . 7 2 0 . 0 0 5 0 0 . 0 0 3 6 0 . 0 0 0 2 0 . 0 0 3 8 0 . 0 0 2 6 - 1 3 . 1 1

1 9 n 2 p 0 k 0
2 . 0 0 0 . 0 0 2 0 . 0 0 2 0 . 0 0 0 2 0 . 0 0 2 2 0 . 0 0 4 0 - 1 7 . 0 9

2 0 n 2 p 0 k l 1 . 1 8 0 . 0 0 1 0 . 0 0 2 6 0 . 0 0 0 5 0 . 0 0 3 1 0 . 0 0 3 1 - 1 5 . 1 4

2 1 n 2 p 0 k 2
0 . 2 5 0 . 0 0 2 2 0 . 0 0 0 8 0 . 0 0 3 0 . 0 0 3 8 0 . 0 0 0 2 - 1 4 . 2 1

2 2 n 2 p l k 0
0 . 7 5 0 . 0 0 3 2 0 . 0 0 1 2 0 . 0 0 0 6 0 . 0 0 1 8 0 . 0 0 0 9 - 1 5 . 9 3

2 3 n 2 p l k l 0 . 2 5 0 . 0 0 1 6 0 . 0 0 0 4 0 . 0 0 2 8 0 . 0 0 3 2 0 . 0 0 0 1 - 1 5 . 9 3

2 4 n 2 p l k 2
0 . 5 7 0 . 0 0 4 2 0 . 0 0 2 4 0 . 0 0 4 0 . 0 0 6 4 0 . 0 0 1 4 - 1 6 . 2 6

2 5 n 2 p 2 k 0
1 . 7 1 0 . 0 0 1 4 0 . 0 0 2 4 0 . 0 0 0 6 0 . 0 0 3 0 . 0 0 4 - 1 6 . 2 6

2 6 n 2 p 2 k l 0 . 8 3 0 . 0 0 1 2 0 . 0 0 1 0 . 0 0 0 4 0 . 0 0 1 4 0 . 0 0 0 8 3 - 1 6 . 6 4

2 7 n 2 p 2 k 2
2 . 0 0 0 . 0 0 1 0 . 0 0 2 0 . 0 0 0 4 0 . 0 0 2 4 0 . 0 0 4 0 - 1 7 . 0 9

M e a n 0 . 9 6  0 . 0 0 2 7 0 . 0 0 2 0  0 . 0 0 1 6  0 . 0 0 3 6 0 . 0 0 2 2  - 1 5 . 1 9



T a b l e  8 . M a i n  e f f e c t s  o f  N , P  a n d  K  o n  Q / I  p a r a m e t e r s  o f  s o i l  p o t a s s i u m

S I .  T r e a -  P B C ^

N o . m e n t  m e

l O O g ” 1

( m o l

l i t r e ” 1

1  n Q  0 . 9 0

2  n t  0 . 9 1

3 ng 1.06

4  P q  0 . 9 5

5  p ^  0 . 9 1

6  p 2  1 . 0 1

7  k Q  1 . 4 4

8  k j  0 . 7 6

9  k g  0 . 6 7

A R q K  A K o  

( m o l  m e  

l i t r e ” 1 ^ 1  l O O g ” 1

1/2

0.0036 0.0028

0.0026 0.0017

0.0019 0.0016

0.0024 0.001

0.0034 0 .002

0.0024 0.0022

0.0026 0.0025

0.0024 0.0018

0.0032 0.0018

A K x  A K L

m e  m e

l O O g " 1  1 0 0 g - 1

0.0016 0.0043

0.0020 0.0035

0.0014 0.0030

0.0019 0.0037

0.002 0.0038

0.0011 0.0033

0.0022 0 .0043

0.0030 0 .003

0.0016 0.0036

K  A G

P o t e n t i a l  K

( m e  l O O g ” 1  J / m o l

m o l

0.0028 -1 4 .3 3

0.0017 -1 5 .1 8

0.0021 -1 6 .0 6  

0.0020 -1 5 .2 0

0 .0020 -1 5 .0 3

0 .0026 -1 5 .3 4

0.0037 -1 5 .6 2

0.0014 -15 .11

0 .0012  -14 .8 4



O {

A kg decreased from to n-j and n 2  levels and increased from  p 0  to

p |  and P 2  levels. AJcq decreased from k(j to k |  level- Akg values of the k j  and

k 2  levels w ere  same (Tables 7 and 8 ).

A kx increased from n 0  to n^ bu t  decreased from n^ to n2. Akx 

increased from  Pq to pj and p 2  leve ls , Akx increased  from  kg to k j level but 

decreased from k |  to k 2  level (Tables 7 and 8 ).

AkL decreased from n 0  to nj and n 2  levels. Ak^, increased from p 0

to p-j and to k^, level b u t  decreased from  p j to p 2  level and k-j to k 2  level

(Tables 7 and 8 ).

K potential decreased from n0  to n^, but increased from n^ to n 2  

levels, K potential increased  from p 0  and p^ levels to p 2  levels. It decreased 

from k 0  to k^ and k 2  levels (Tables 7 and 8 ).

Free energy (AG) increased from n 0  to n^ and n 2  plots and it  

rem ained a lm ost same for Pq, p^ and p 2  levels. I t  decreased from k 0  to k j  and 

k 2  levels (Tables 7 and 8 ).

4.4. Y ield  o f  C o c o n u t

The mean values of data  on the e ffec t of app lied  treatm ents on the 

y ie ld  of coconut are  p resented  in tables 9, 10 and 11.

The main effect of potassium  and its interaction w ith applied 

n itrogen had effected  sign ifican t varia tion  in the y ie ld  of nuts. The y ie ld  

increased from kQ level to k j and then to k 2  levels in all the four years under 

study (Table 1 0 ).



T a b l e  9 .  E f f e c t  o f  g r a d e d  n u t r i t i o n  o f  c o c o n u t  o n  y i e l d  o f  n u t s

M e a n  n u m b e r  o f  n u t s  p e r  t r e a t m e n t

S i .  -------------------------------------------

N o .  T r e a t m e n t  1 9 8 9  1 9 9 0

1 n 0 p 0 k 0
2 3 1 8 3

2 n 0 p 0 k l
3 0 0 1 1 9

3 n 0 P 0 k 2
4 9 3 1 9 2

4 n 0 p l k 0
8 4 6 2

5 n 0 p l k l
4 5 7 1 2 0

6 n 0 p 1 k 2
2 8 3 ' 1 2 9

7 n 0 p 2 k 0
1 4 5 6 6

8 n 0 p 2 k l 3 1 0 1 6 2

9 n 0 p 2 k 2
4 1 6 1 3 7

1 0 n l p 0 k 0
1 8 1 6 5

1 1 n l p O k l 3 4 7 1 7 5

1 2 n l p 0 k 2
2 8 2 5 6

1 3 n 1 p 1 k 0
3 5 2 9

1 4 n l p l k l 4 9 9 1 3 6

1 5 n l p l k 2
5 1 4 1 8 7

1 6 n l p 2 k 0
1 2 8

1 7 n l p 2 k 1
3 8 2 1 7 9

1 8 n l p 2 k 2
4 7 5 1 6 2

1 9 n 2 p 0 k 0
7 6 3 5

2 0 n 2 p o k i 4 7 6 1 8 1

2 1 n 2 p 0 k 2
4 8 6 1 0 2

2 2 n 2 p l k 0
2 0 1 7

2 3 n 2 p l k l 3 2 0 1 6 9

2 4 n 2 p l k 2
5 7 5 1 7 5

2 5 n 2 p 2 k 0
2 5 2 4

2 6 n 2 p 2 k 1
3 3 6 8 4

2 7 _ n 2 P 2 k 2 _ 4 9 8 1 2 7

M e a n 3 0 6 1 1 1

-------------------------------------------------  M e a n  y i e l d  p e r

1 9 9 1  1 9 9 2  p a l m  f o r

1 9 9 0 - 9 1

2 5 1 2 0 8 8 4

2 7 8 1 8 9 9 9

3 9 8 3 6 3 1 4 8

8 9  • 1 1 4 3 8

3 7 1 2 8 6 1 2 2

2 4 2 2 2 1 9 3

1 3 0 1 1 9 4 9

3 6 5 2 5 1 1 3 2

4 1 8 2 7 8 1 6 0

1 4 5 1 6 7 5 3

3 5 1 3 0 1 1 3 2

2 6 4 2 7 0 9 9

4 0 4 2 1 7

4 0 6 2 6 4 1 3 5

4 9 0 3 0 4 1 6 9

8 1 5 4

3 0 8 2 4 2 1 2 2

4 3 1 3 0 9 1 4 8

1 7 9 4 4 5 4

3 2 3 2 9 3 1 2 6

3 9 7 2 8 5 1 4 1

2 1 6 2 1 0

2 6 8 2 4 5 1 0 9

4 6 9 1 6 8 1 6 1

6 6 2 7 4 6

2 6 7 . 7 4 1 4 8

3 4 0 2 7 1 1 4 6

2 7 1 2 0 8 1 0 2



T a b l e  10. M a i n  e f f e c t s  of N,

M e a n  n o .  o f

SI . --------------------
N o .  T r e a t m e n t  1 9 8 9

1  n Q  3 0 2

2  n l  3 0 3

3  n 2  3 1 2

4  p Q  3 1 9

5  P jl 3 0 9

6  p 2  2 8 9

C D  C O . 0 5 )

7  k Q  9 0

8  k A . 3 8 1

9  k 2  4 4 7

C D  ( 0 . 0 5 )  6 3

K  o n  y i e l d  of c o c o n u t

r e a t r a e n t  ( 4  p a l m s )

----------------------------------------------------- M e a n  y i e l d

1 9 9 1  1 9 9 2  p e r  p a l m

f o r  1 9 9 0 - 9 1

2 8 2  2 2 5  1 0 3

2 7 1  2 1 3  9 8

2 5 9  1 8 5  1 0 5

2 8 7  2 3 5  1 0 4

2 6 6  2 0 1  9 5

2 5 9  1 8 7  1 0 6

3 8

1 0 3  8 9  4 0

3 2 6  2 4 9  1 2 5

3 8 3  2 8 5  1 4 1

6 1  3 8  2 1

P  a n d

n u t s / t

1 9 9 0

1 1 9

1 1 0

101

1 12

1 1 3

1 0 5

4 3

1 4 7

1 4 0

2 4



T a b l e  11. E f f e c t  of two f a c t o r  i n t e r a c t i o n s  of N, P a n d  K o n
y i e l d  of c o c o n u t

; i . 
f o .

M e a n  n o .  o f n u t s  p e r t r e a t m e n t i e . , 4  p a l m s
M e a n  

p e r  p i  
f o r  1 9

T r e a t m e n t 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2

1 n o p o 3 4 1 1 3 1 3 0 9 2 5 3 1 1 0

2 n 0 p l 2 7 3 1 0 3 2 3 4 2 0 7 8 4

3 n 0 p 2
2 9 0 1 2 1 3 0 4 2 1 6 1 1 4

4 n l p 0
2 7 0 9 8 2 5 3 2 4 6 9 4

5 n l p l 3 4 9 1 1 7 3 1 2 2 0 3 1 0 7

6 n l p 2
2 9 0 1 1 6 2 4 9 1 8 8 9 2

7 n 2 p 0
3 4 6 1 0 6 3 0 0 2 0 7 1 0 7

8 n 2 p l 3 0 5 1 2 0 2 5 3 1 9 2 9 3

9 n 2 p 2
2 8 6 7 8 2 2 4 1 5 7 1 1 3

1 0 n 0 k 0
1 5 3 7 0 1 5 7 1 4 7 5 7

1 1 n 0 k l 3 5 6 1 3 3 3 3 8 2 4 2 1 1 8

1 2 n 0 k 2
3 9 7 1 5 2 3 5 2 2 8 7 1 3 4

1 3 n l k 0
7 6 3 4 6 4 7 5 2 5

1 4 n l k l 4 0 9 1 6 3 3 5 5 2 6 9 1 3 0

1 5 n l k 2
4 2 3 1 3 5 3 9 5 2 9 4 1 3 9

1 6 n 2 k 0
4 0 2 5 8 9 4 4 3 6

1 7 n 2 k l 3 7 7 1 4 4 2 8 6 2 3 7 1 2 8

1 8 n 2 k 2
5 2 0 1 3 4 4 0 2 2 7 5 1 4 9

C D ( 0 . 0 5 ) 1 0 9

1 9 p 0 k 0
1 6 3 6 1 1 9 1 1 4 0 6 3

2 0 P 0 k i 3 7 4 1 5 8 3 1 7 2 6 1 1 1 9

2 1 p 0 k 2
4 2 0 1 6 6 3 5 3 3 0 6 1 2 9

2 2 p l k 0
4 6 3 6 5 0 7 3 2 2

2 3 p l k l 4 2 5 1 4 1 3 4 8 2 6 5 1 2 2

2 4 • p  l k 2
4 5 7 1 6 3 4 0 0 2 6 4 1 4 1

2 5 p 2 k 0
6 1 3 3 6 8 5 4 3 3

2 6 p 2 k l 3 4 2 1 4 1 3 1 3 2 2 2 1 3 4

2 7 P 2 k 2 4 6 3 1 4 2 3 9 6 2 8 6 1 5 2



Continuous application of N w ithout potassium  resulted in 

s ign ifican t reduc tion  of y ie ld  (Table 11). A lso a t and  n 2  levels, graded 

doses of potassium  produced concom itant im provem ent in nu t  yield . S im ilar 

trend was observed  in the case of PK interaction a lso  though the e ffec t w as no t 

sta tistically  s ig n if ic a n t  No defin ite  pattern was observed in the  case  of NP 

interaction. NPK in terac tion  was also  not s ign if ican t in the case of coconut 

y ield . However, the palm receiving no fertilizers  over the  las t  quarter of 

century, y ie lded  better  than those receiving N or P w ith ou t potassium.

An a ttem pt was m ade to pool the yields for 1990 and 1991 and the 

mean num ber of nuts per  palm w ere analysed. The results presented  in tables 

7 , 8  and 9  ( las t  column) also show ed tha t potassium  nutrition a t  k j  and k 2  

levels could enhance coconut production significantly . The y ie ld  per palm 

increased from 40 a t  no potassium  trea tm ent to 125 and 141 nuts a t  potassium  

levels of k j  and k 2  respectively  (Table 10). In the case  of NK and PK 

interactions, though no t significant, i t  was seen th a t  potassium  nutrition  with or 

w ithou t N or P could result in be tter yields (Table 11).

4 .5. C o r re la t io n  S tu d ie s

C orrelations w ere  worked o u t  between various param eters under 

atudy, to determ ine the ex ten t of in teractions of these observations. The 

coefficients of correlation  are tabulated and the results are  presented  in 

d ifferen t sections.

4.5.1. C o r r e la t io n  be tw een  soil p ro p e r t i e s

Correla tion was w orked ou t between soil properties and the



T a b l e  12. C o e f f i c i e n t  of c o r r e l a t i o n  D e t w e e n  soil p r o p e r t i e s

S I . N o .  S o i l  
p r o p e r t i e s

p H O r g a n i c
C

C E C E x c h .
C a

E x c h .
M g

E x c h .
N a

1 p H

2 O r g a n i c  c a r b o n - 0 . 3 1 0 1

3 C E C - 0 . 2 6 3 3 0 . 3 6 3 0

4 E x c h a n g e a b l e  C a 0 . 1 7 1 1 0 . 0 1 4 1 - 0 . 2 1 2 2

5 E x c h a n g e a b l e  M g 0 . 3 6 2 2 0 . 4 4 4 1 * 0 . 1 4 3 3 - 0 . 1 4 3 3

6 E x c h a n g e a b l e  N a 0 . 0 2 0 5 - 0 . 2 6 3 5 - 0 . 1 4 2 4 - 0 . 1 6 7 1 - 0 . 3 4 6 9

7 E x c h a n g e a b l e  A l - 0 . 7 3 8 9 * *  0 . 4 1 0 3 * 0 . 2 3 6 8 - 0 . 2 1 7 4 0 . 5 2 9 2 * *  - 0 . 1 6 6 9

8 E x c h a n g e a b l e  F e - 0 . 1 2 6 1
s'

- 0 . 1 6 9 9 0 . 2 1 2 4 - 0 . 0 5 5 - 0 . 1 4 3 3 0 . 0 1 5 5

9 E x c h a n g e a b l e  M n - 0 . 1 0 6 2 0 . 1 9 7 4 0 . 1 0 8 7 0 . 1 8 4 2 0 . 0 5 5 4 - 0 . 2 8 2 8

1 0 E x c h a n g e a b l e  C u 0 . 2 5 7 9 - 0 . 1 2 1 5 - 0 . 1 5 6 5 - 0 . 0 7 8 6 0 . 0 6 7 2 0 . 0 7 3 8

1 1 E x c h a n g e a b l e  Z n - 0 . 1 4 5 5 - 0 . 0 3 2 5 0 . 1 1 6 2 - 0 . 1 8 3 3 0 . 0 2 2 9 0 . 0 4 2 8

E x c h .  E x c h .  E x c h .  E x c h .  E x c h .
A l  F e  M n  C u  Z n

cn
ro

- 0 . 1 3 2 7  

- 0 . 1 0 1 2  0 . 3 4 1

- 0 . 1 9 7 5  - 0 . 0 7 7 7  

0 . 0 3 2 6  0 . 3 2 0 4

- 0 . 1 2 8 2

0 . 4 1 2 7 *  0 . 1 0 8 1

*  S i g n i f i c a n t  a t  5 %  l e v e l

* *  S i g n i f i c a n t  a t  1 %  l e v e l



coefficients of correlation  are presented  in tab le  12. pH  was negatively 

corre la ted  to organic  C, CEC, exchangeable  Mg, Al, Fe, Mn and Zn and 

positively correlated  to exchangeable Ca, Na, and Cu. pH was significantly  and 

negatively corre la ted  w ith  exchangeable  Al (Table 12). Organic C was 

significantly  and  positively  corre la ted  to exchangeable  Mg and Al. Organic C 

was positively corre la ted  to CEC, exchangeable  Ca, Mg, Al and Mn and 

negatively corre la ted  to pH, exchangeable  Na,Fe, Cu and Zn. CEC was 

positively corre la ted  to organic C, exchangeable  Mg, Al, Fe, Mn and Zn and 

negatively correlated  to pH, exchangeable  Ca, Na and Cu.

Exchangeable  Ca was positively correlated  to exchangeable  Mn and 

negatively  corre lated  to exchangeable  Mg, Na, Al, Fe, Cu and Zn.Exchangeable  

Mg was positively corre la ted  with exchangeable  Al, Mn, Cu and Zn and 

negatively corre la ted  w ith  exchangeable  Na and Fe. E xchangeable  Na was 

positively corre la ted  w ith exchangeable  Fe, Cu and Zn and negatively 

corre la ted  with exchangeable  Al and Mn. E xchangeable  Al was significantly  

and negatively corre la ted  to pH and significantly  and positively correlated with 

organic carbon and exchangeable  Mg. I t  was negatively correlated  to 

exchangeable  Fe, Mn and Cu and positively  correlated  to Zn. E xchangeable  Fe 

was positively corre la ted  to exchangeable  Mn and Zn and negatively correlated  

to exchangeable  Cu. Exchangeable  Mn was negatively correlated  with 

exchangeable  Cu and positively corre la ted  w ith  exchangeable  Zn. 

Exchangeable  Cu was positively corre la ted  w ith  exchangeable  Zn.

4 .5 .2 . C o r re la t io n  be tw een  soil p r o p e r t i e s  a n d  f r a c t io n s  o f soil p o tass iu m
\

Coefficients o f correlation  betw een soil properties and potassium  

fractions are presented  in table 13.



T a b l e  13. C o e f f i c i e n t  o f  c o r r e l a t i o n  b e t w e e n  s o i l  p r o p e r t i e s  a n d  

p o t a s s i u m  f r a c t i o n s

S I .  S o i l  V a t e r  A v a i l a b l e  E x c h a n g e a b l e  H N O g - K  N o n e x c h a -  T o t a l

N o .  P r o p e r t i e s  s o l u b l e  K  K  n g e a b l e  K  K

K

p H - 0 . 3 2 4 6  - 0 . 1 7 7 7  - 0 . 1 2 1 1 '  0 . 3 5 0 0 0 . 4 5 0 3  0 . 1 8 8 4

2  O r g a n i c  c a r b o n

3  C E C

0 . 1 3 9 7  0 . 2 5 8 2  0 . 2 5 9 4  - 0 . 1 9 9 1  - 0 . 3 4 1 0  - 0 . 0 3 8 3

- 0 . 0 4 2 0  0 . 1 4 8 5  0 . 1 7 9 9  - 0 . 5 6 5 0 * *  - 0 . 6 8 6 1 * *  - 0 . 2 5 6 5

4  E x c h a n g e a b l e  C a  0 . 0 6 6 6  0 . 1 7 1 1  0 . 1 7 6 9  0 . 1 9 6 2  0 . 0 9 8 1

5  E x c h a n g e a b l e  M g  - 0 . 0 3 3 7  0 . 0 2 8 0

S '  E x c h a n g e a b l e  N a  - 0 . 0 7 2 3  0 . 1 0 6 7

7  E x c h a n g e a b l e  A l  0 . 3 3 2 2 0 . 2 0 9 1

9  E x c h a n g e a b l e  M n  0 . 3 4 1 0  - 0 . 0 5 8 4  - 0 . 0 3 8 5  - 0 . 2 8 9 7  - 0 . 2 7 9 4

1 0  E x c h a n g e a b l e  C u  0 . 0 4 9 1  0 . 0 1 4 6 0 . 0 0 5 9 0 . 2 7 4 1

0.2012

0 . 0 4 0 9  - 0 . 4 2 2 6 *  - 0 . 4 7 3 0 *  - 0 . 2 8 2 5

0 . 1 0 4 6  0 . 1 3 5 3  0 . 2 1 1 7  - 0 . 1 2 7 4

0 . 1 5 5 3  - 0 . 2 0 7 5  - 0 . 3 1 3 8  - 0 , 1 2 5 4

B E x c h a n g e a b l e  F e  - 0 . 0 3 0 2  - 0 . 1 8 2 0  0 . 1 9 8 8  - 0 . 4 4 1 3  - 0 . 3 5 1 0  - 0 . 0 2 3 8

0 . 1 3 6 4

0 . 2 5 2 5  - 0 . 0 3 2 3

1 1  E x c h a n g e a b l e  Z n  0 . 3 2 0 4  0 . 1 4 5 4  0 . 1 1 5 4  - 0 . 1 4 6 7 0 . 2 3 4 5 0 . 0 1 4 1

* Significant at 5% level

** Significant at 1 % level



The pH  was negatively correlated to w ater  so luble  K, availab le  K 

and exchangeable  K and positively corre la ted  to HNO 3 -K, non-exchangeable  K 

and total K. I t  w as positively and significantly  corre la ted  to non exchangeable  

K.

O rganic carbon was positively correlated to w a ter  soluble  K, 

available  K and exchangeable  K and was negatively correlated  to HNO 3 -K, 

non-exchangeable  K and total K.

The CEC was significantly  and negatively corre la ted  to HNO 3 -IC 

and non exchangeable  K. CEC was negatively corre lated  to w ater so lub le  K 

and to ta l K  and was positively corre lated  to availab le  K and exchangeable  K.

Exchangeable  Ca was positively correlated  to all potassium  

fractions. Exchangeable  Mg was significantly  and negatively correlated  to 

HNO 3 -K and non exchangeable  K. Exchangeable Mg was negatively corre lated  

w ith  w ater soluble  K and total K and was positively  corre la ted  to availab le  K 

and exchangeable  K. Exchangeable Na was positively corre la ted  to available  

IC, exchangeable  K, HNO 3 -K and non exchangeable  K and was negatively 

corre la ted  to w a te r  so lub le  K and total K. Exchangeable  Al was negatively 

correlated  to HNO 3 -K, non exchangeable  K and total K and was positively 

re la ted  to w a ter  so lub le  K, available  K and exchangeable  K. Exchangeable Fe 

was significantly  and  negatively corre lated  to HNO 3 -K  and was negatively 

corre la ted  to w ater so lub le  K, availab le  K, non exchangeable  K and total K. 

Exchangeable  Fe  was positively  corre la ted  to exchangeable  K. Exchangeable 

Mn was positively corre la ted  to w a ter  so luble  K and total K and was negatively 

corre lated  to availab le  K, exchangeable  K, HNO 3 -K, and  non exchangeable  K. 

Exchangeable  Cu was positively correlated  to w ater  so lub le  K, available  K,



exchangeable K, HNO-j-K and non-exchangeable  K and was negatively 

corre la ted  to total K. Exchangeable Zn .was positively  corre la ted  to 

w aterso lub le  K, availab le  K, exchangeable  K, non exchangeable  K and total K 

and was negatively corre la ted  to HNO 3 -K.

4 .5 .3 . C o r r e la t io n  be tw een  soil p ro p e r t i e s  a n d  Q /I p a r a m e te r s  o f p o tass iu m

C orrela tion  was w orked ou t betw een soil properties and Q/I 

param eters of K  and the results are  availab le  in table  14.

The pH was positively correlated  to PBCK, AR^, Akp, Ak^, K

potential and AG and was negatively corre la ted  to Akx. Organic carbon was
K. Kpositively corre lated  to AR^ and negatively corre la ted  to PBC , Ak0, Ak^,

Ak^, K potential and AG. The CEC was significantly  and negatively corre la ted

to AkQ. I t  was positively corre lated  to Akx and was negatively corre la ted  to

PB CK, A R f ,  AkL, K potential and AG.

KE xchangeable  Ca was positively corre la ted  to PBC , Ak0, and  IC

potential and  was negatively corre la ted  to AR£\ ant*
K KE xchangeable  Mg was positively correlated  w ith PBC , A R e , Akg, and K 

potential and negatively corre la ted  w ith  Akx, AkL and AG. Exchangeable  Na 

was positively corre la ted  w ith  AR^, Akx, AkL and AG and  was negatively 

corre la ted  to PBC , Ak 0  and K potential. Exchangeable  Al was significantly

and negatively corre lated  to K potential. Exchangeable  Al was positively
1? 1 Kcorre lated  to ARjr, Akj. and AG and was negatively correlated to PBC , Ak^ and

vr
Ak^. Exchangeable Fe was positively corre la ted  to PBC and Akx and was

K.negatively corre la ted  to A R e , Ak0, Ak^, K potential and AG. Exchangeable



T a b l e  14. C o e f f i c i e n t s  o f  c o r r e l a t i o n  b e t w e e n  s o i l  p r o p e r t i e s  

a n d  Q / I  p a r a m e t e r s  o f  p o t a s s i u m

S I .  T r e a t m e n t  P B C * "  A R Q K  A K o  A K x  A K L  K  A G

N o .  P o t e n t i a l

1  p H  0 . 0 7 9  0 . 1 3 3 6  0 . 3 5 6 5  - 0 . 1 2 5 9  0 . 1 5 4 7  0 . 2 3 9 0  0 . 1 5 3 6

2  O r g a n i c  c a r b o n  - 0 . 1 6 9 5  0 . 0 0 8 1  - 0 . 1 7 1 2  - 0 . 1 9 2 5 - 0 . 2 6 6 8  - 0 . 2 8 5 6  - 0 . 0 6 7 3

3  C E C  - 0 . 0 3 7 6  - 0 . 3 4 4 1  - 0 . 4 5 2 1 *  0 . 0 7 5 5  - 0 . 2 6 7 3  - 0 . 2 5 2 8  - 0 . 3 5 9 7

4  E x c h a n g e a b l e  C a  0 . 1 3 7 7  - 0 . 0 6 1 2  0 . 2 1 9 7  - 0 . 2 8 2 8  - 0 . 0 6 5 4  0 . 1 8 6 2  - 0 . 0 2 9 3

5  E x c h a n g e a b l e  M g  0 . 0 2 0 2  0 . 0 2 8 7  0 . 0 9 4 2  - 0 . 3 4 2 4  - 0 . 1 8 2 6  0 . 0 5 6 2  - 0 . 0 3 2 3

6  E x c h a n g e a b l e  N a  - 0 . 2 2 0 3  0 . 1 4 3 2  - 0 . 0 2 5 3  0 . 2 5 2 3  0 . 2 4 1 7  - 0 . 1 6 7 1  0 . 2 3 7 0

7  E x c h a n g e a b l e  A 1  - 0 . 2 7 4 5  0 . 0 5 9  - 0 . 3 1 3 2  0 . 1 0 6 2  - 0 . 1 0 0 9  - 0 . 4 0 9 6 * *  0 . 0 2 3 3

8  E x c h a n g e a b l e  F e  0 . 0 8 9  - 0 . 3 5 0 7  - 0 . 3 4 7 4  0 . 0 3 9 3 - 0 . 2 0 6 5  - 0 . 1 3 2 5  - 0 . 2 7 7 0

9  E x c h a n g e a b l e  M n  0 . 3 1 9 0  - 0 . 0 5 4 6  0 . 1 9 4 7  - 0 . 0 7 7 1  - 0 , 0 0 9 2  0 . 3 1 7 5  - 0 . 0 3 9 6

1 0  E x c h a n g e a b l e  C u  0 . 3 9 8 0 *  - 0 . 0 3 7 4  0 . 0 8 1 1  - 0 . 0 8 6 5  - 0 . 0 6 2 7  0 . 2 3 3 1  - 0 . 2 6 7 1

1 1  E x c h a n g e a b l e  Z n  0 . 0 9 2 0  0 . 2 6 2 9  0 . 2 5 6 7  0 . 3 7 1 5  0 . 4 6 2 5 *  0 . 2 1 2 6  0 . 1 7 9 6

* Significant at 5% level

** Significant at 1% level



Mn was positively corre lated  to PBCK, Ak 0  and K potential and was
Knegatively corre la ted  to ARg, Akx, AkL and AG. E xchangeable  Cu was

Ksignificantly  and  positively correlated  to PBC . I t  was positively corre lated  to 

Ak 0  and negatively corre lated  to AR^, A k^ AkL, and AG.X Ex changeable Zn was 

significantly  and positively corre la ted  to AkL and was positively corre la ted  to 

rest of the Q/I param eters (Table 14).

4 .5 .4 . C o r re la t io n  be tw een  soli p r o p e r t i e s  and  y ie ld  o f co co n u t

Correlation coeffic ien t w orked o u t  between soil properties and 

y ie ld  of coconut are  p resented  in table 15.

pH was negatively corre la ted  to coconut y ie ld  during the years

1989, 1990, 1991 and 1992.

Organic carbon, CEC, exchangeable  Na, Al, Fe, Mn and Zn w ere  

positively correlated  w ith  y ie ld  during the  years 1989, 1990, 1991 and 1992.

Exchangeable  Ca was positively correlated  w ith  y ie ld  during the 

years 1989, 1990 and 1991 and was negatively corre la ted  w ith  y ield  during the 

year  1992. E xchangeable  Mg was positively correlated  w ith  y ie ld  during 1989 

and 1991 and was negatively correlated to y ie ld  during 1990 and 1992. 

Exchangeable  Cu was negatively corre la ted  to y ie ld  during the years 1989,

1990, 1991 and 1992 (Table 15).

4.5 .5 . C o r re la t io n  be tw een  f ra c t io n s  of soil p o tass iu m

W ater soluble  K was significantly  and positively correlated  w ith 

availab le  K, exchangeable  K and HNO 3 -K and was positively  corre la ted  to non



T a b l e  15. C o e f f i c i e n t  of c o r r e l a t i o n  b e t w e e n  soil p r o p e r t i e s  a n d

y i e l d  of c o c o n u t

\

Y i e l d  o f  c o c o n u t

S I .  S o i l  P r o p e r t i e s  1 9 8 9  1 9 9 0  1 9 9 1  1 9 9 2

N o .

P H - . 2 2 0 8  - 0 . 1 1 8  - 0 . 2 3 4 5  - 0 . 1 3 8 2

2  O r g a n i c  c a r b o n 0 . 2 8 8 2  0 . 2 7 5  0 . 3 3 4 3  0 . 2 2 5 2

C E C 0 . 1 6 4 6  0 . 0 6 6 4  0 . 1 3 8 7  0 . 0 4 3 5

4  E x c h a n g e a b l e  C a  0 . 0 3 1 4  0 . 1 0 9  0 . 0 8 5 9  - 0 . 0 8

5  E x c h a n g e a b l e  M g  0 . 0 7 1 1  - 0 . 1 2 3 4  0 . 0 5 6 8  - 0 . 0 4 5 1

6  E x c h a n g e a b l e  N a  0 . 0 0 0 9 8  0 . 1 4 7 1  0 . 0 2 9 3  0 . 1 8 8 8

7  E x c h a n g e a b l e  A 1 0 . 2 2 4 9  0 . 0 1 4 7  0 . 1 8 8 8  0 . U 2 5

8  E x c h a n a g e a b 1 e  F e  0 . 1 4 5 3  0 . 1 5 6 7  0 . 0 7 4 8  0 . 1 4 2 5

9  E x c h a n g e a b l e  M n  0 . 1 9 0 6  0 . 1 4 1 8  0 . 0 9 0 4  0 . 1 1 2 2

1 0  E x c h a n g e a b l e  C u  - 0 . 0 1 4 8  - 0 . 0 9 1 8  - 0 . 0 1 2 1  - 0 . 0 6 4

1 1  E x c h a n g e a b l e  Z n  0 . 1 3 9 4  0 . 0 9 6 3  0 . 1 0 3 4  0 . 0 5 6 7



Table 16. Coefficients of correlation between soil potassium fractions

S I .  P o t a s s i u m  W a t e r  A v a i l a b l e  E x c h .  H N O 3  N o n  T o t a l

N o .  f r a c t i o n s  s o l u b l e  K  K  -  K  E x c h a n .  K

K  K

1  W a t e r  s o l u b l e  K

2  A v a i l a b l e  K  0 . 6 1 2 4

3  E x c h a n g e a b l e  K  0 . 4 4 7 7  0 . 9 8 1 1

4  H N O 3 - K  0 . 4 5 4 1 *  0 . 3 6 7 3  0 . 3 0 3 5

5  N o n  e x c h .  K  0 . 1 4 8 7  - 0 . 1 7 0 9  - 0 . 2 3 0 5  0 . 8 4 9 9 * *

6  T o t a l  K  0 . 0 7 1 2  0 . 3 1 8 4  0 . 3 4 0 7  0 . 3 0 0 5  0 . 1 3 8 7

* Significant at 5% level

** Significant at 1% level



exchangeable K and tolal K. Available  K was significantly  and positively 

correlated  w ith  exchangeable  K. It w as positively corre la ted  w ith  HNO 3 -K and 

total K and negatively corre la ted  to non exchangeable  K. E xchangeable  K was 

positively corre la ted  w ith  HNO 3 -K and total K and negatively corre la ted  with 

non exchangeable  K (Table  16).

The HNO 3 -K was significantly  and  positively corre la ted  to non 

exchangeable K and positively correlated  w ith  total K. Non exchangeable  K 

was positively corre la ted  with total K (Table 16).

4 .5 .6 . C o r re la t io n  be tw een  f r a c t io n s  o f soil K  and  Q /I p a ra m e te r s
\

The correlation coefficients w orked ou t between soil potassium  

fractions and Q/I param eters are available  in table  17.

If

W ater so lub le  K was positively corre la ted  to A R e , Akx, AkL and
KAG and was negatively corre lated to PBC , Akp and K potential. A vailab le  K

If

and exchangeable K w ere positively corre la ted  with ARg and AG and was 

negatively corre la ted  w ith  PBC , Ak0> A k^  AkL and K  potential. HNO 3 -K was
If

significantly  and positively corre la ted  with A R e . I t  was positively corre lated  

with Akg, Ak^ and AG and was negatively correlated  with PB C K, Akx and K
If

potential. Non exchangeable K was positively correlated  to AR^, Ak0, AkL, K
Kpotential and AG and was negatively corre la ted  to PBC and Akx. Total K was

Kpositively corre lated  to A R e , Ak 0  and AG and was negatively corre lated  with
KPBC , Al^, Ak^ and K potential. All the fractions o f K w ere negatively

K 1Ccorrelated  with PBC and w ere positively corre la ted  with AR^ and AG

(Table 17).



T a b l e  17. C o e f f i c i e n t  of c o r r e l a t i o n  b e t w e e n  soil p o t a s s i u m

f r a c t i o n s  a n d  Q / I  p a r a m e t e r s

S I .

N o .

K  f r a c t i o n s P B C 3* A B „ k
^ 0 K

p o t e n t i a l

A G

1 W a t e r  s o l u b l e  K  - 0 . 3 2 2 6 0 . 2 4 6 8 - 0 . 1 3 3 0 . 0 8 9 7 0 . 0 1 5 5 - 0 . 3 4 7 4 0 . 1 6 1 6

2 A v a i l a b l e  K - 0 . 3 5 0 2 0 . 3 3 1 8
t**

- 0 . 0 9 2 9 - 0 . 0 0 1 - 0 . 0 1 6 4 - 0 . 3 1 4 4 0 . 2 9 7 3

3 E x c h a n g e a b l e  K - 0 . 3 1 7 0 0 . 3 1 5 3 - 0 . 0 7 1 8 - 0 . 0 2 1 3 - 0 . 0 2 0 3 - 0 . 2 7 0 1 0 . 2 9 5 2

4 I I N O 3 - K - 0 . 2 0 3 3 0 . 4 4 5 3 * 0 . 2 2 3 8 - 0 . 0 1 3 5 0 . 1 5 2 4 - 0 . 0 7 0 1 0 . 3 4 9 4

5 N o n

e x c h a n g e a b l e  K - 0 . 0 2 1 6 0 . 2 8 1 8 0 . 2 8 8 6 - 0 . 0 2 3 6 0 . 1 6 2 3 0 . 0 9 7 9 0 . 2 0 5 1

6 T o t a l  K - 0 . 0 7 4 3 0 . 2 4 1 7 0 . 0 8 1 2 - 0 . 0 7 5 2 - 0 . 0 1 4 4 - 0 . 0 3 0 8 0 . 3 1 0 8

*  S i g n i f i c a n t  a t  5 %  l e v e l



4 .5 .7 .  C o r r e l a t i o n  b e t w e e n  f r a c t i o n s  o f  so i l  K and y ie ld

Soil K fractions w ere  correlated  with y ie ld  for four years and 

results are presented in table 18,

W ater so lub le  K was significantly  and positively  corre lated  with 

y ie ld  of coconut during the years 1989, 1990 and 1991 and positively 

correlated  w ith  y ie ld  during 1992. A vailable  K was significantly  and positively 

correlated  w ith  y ie ld  during 1989, 1990 and 1991 and positively corre lated  with 

y ie ld  during 1992.

Exchangeable  K was significantly  and positively correlated  with 

y ield  during the year 1991 and was positively corre lated  w ith  the y ie ld  during 

1989, 1990 and 1992. HNO 3 -K was positively corre la ted  w ith  y ie ld  during

1989, 1990, 1991 and 1992, w hile  non-exchangeable  K was negatively 

corre la ted  to yield . Total K was positively corre lated  w ith  y ie ld  during 1989,

1990, 1991 and 1992.

4.5 .8 . C o r r e la t io n  be tw een  Q/I p a ra m e te r s  of p o tass iu m

Results of correlation between d ifferen t Q/I parameters of 

potassium  are as follows (Table 19).

KPBC was significantly  and positively corre la ted  w ith  K potential
K Kand significantly  and negatively correlated w ith  AR^ and AG. PBC was 

positively corre lated  w ith  Ak0  and negatively correlated  w ith  Akx and Ak^- 

A R e was significantly  and positively corre la ted  w ith  Ak0, AkL and AG.



T a b l e  18. C o e f f i c i e n t s  of c o r r e l a t i o n  b e t w e e n  soil p o t a s s i u m

f r a c t i o n  a n d  y i e l d

S I  ,

N o .

K  f r a c t i o n s

Y i e l d  o f c o c o n u t

1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2

1 W a t e r  s o l u b l e  K 0 . 4 1 1 4 * 0 . 4 9 4 3 * 0 . 4 2 9 2 * 0 . 3 6 4 7 *

2 A v a  i 1 a b 1 e  K 0 .  3 9 4 2 * 0 . 4 1 1 0 * 0 .  5 0 3 4 * 0 . 3 4 4 4

3 E x c h a n g e a b l e  K 0 .  3 4 6 1 0 . 3 4 4 0 0 . 4 6 4 9 * 0 . 3 0 0 0

4 h n o 3  k 0 . 0 3 4 2 0 . 1 3 4 8 0 . 0 5 8 4 0 . 0 8 1 7

5 N o n  E x c h a n g e a b l e  K - 0 . 1 8 3 4 - 0 . 0 7 0 - 0 . 2 1 3 4 - 0 . 0 9 1 6

6 T o t a l  K 0 . 0 9 0 6 0 . 2 2 0 7 0 . 0 7 9 4 0 . 1 6 2 1

*  -  S i g n i f i c a n t  a t  5 a  m v u i



T a b l e  1 9 .  C o e f f i c i e n t s  o f  c o r r e l a t i o n  b e t w e e n  Q / I  p a r a m e t e r s  

o f  p o t a s s i u m

S I . Q / I  K

N o .  p a r a m e t e r s  P B C k  ^ R ^  p o t e n t i a l  A G

1 P B C k

2  A R _ k  - 0 . 4 7 9 0 *

3  0 . 2 7 3 6  0 . 5 4 4 5 * *

4  - 0 . 2 8 2 6  0 . 2 5 0 5  - 0 . 1 6 0 2

5  A K l  - 0 . 1 7 6 8  0 . 6 3 1 7 * *  0 . 5 4 9 8 * *  0 . 7 1 5 5 * *

6  K  0 . 8 1 1 7 * *  - 0 . 0 7 5 4  0 . 7 3 6 9 * *  - 0 . 2 3 7 1  0 . 2 2 4 0

p o t e n t i a l

7  A G  - 0 . 6 0 1 8 * *  0 . 9 1 1 6 * *  0 . 4 5 2 5 *  0 . 1 8 8 0  0 . 5 4 5 6 * *  - 0 . 1 6 9 8

*  -  S i g n i f i c a n t  a t  5 %  l e v e l  

* *  -  s i g n i f i c a n t  a t  1 %  l e v e l



if
ARg was positively corre la ted  with Akx and negatively correlated  w ith  K 

potential. Akg was positively and significantly  correlated  with Ak^, K potential 

and AG. Ak0  was negatively correlated  with Akx. Akx was significantly  and 

positively correlated  w ith  AkL. Akx was positively corre la ted  w ith  AG and 

negatively corre la ted  with K potential. Ak^ was significantly  and positively 

correlated  w ith  AG and negatively correlated with K  potential. K potential was 

negatively corre lated  w ith  AG (Table 19).

4 .5 .9 . C o r r e la t io n  be tw een  Q/I p a ra m e te r s  of p o tass iu m  a n d  yield

Correlation was worked ou t between Q/I param eters and the yield  

fo r  four years and the results are  presented in table 2 0 .

PBC was significantly  and negatively corre lated  w ith y ie ld  during 

1989, 1990, 1991 and 1992 (Table 20). A R ^  was positively corre la ted  with 

yield . The labile  K parameters Ak^j, At^ and Ak^ w ere  negatively correlated 

w ith  y ie ld  during 1989, 1990, 1991 and 1992. K potential was also  negatively 

correlated  w ith yield. Free energy (AG) was positively correlated w ith  y ie ld  

(Table 20).

4.6. R eg ress io n  A n a ly s is

Sim ple l inear and m ultip le .regression  equations relating y ie ld  with 

s ign ifican t attributes are  presented in Tables 21 and 22.

Ten d ifferen t soil a ttributes, w hich have shown d irec t or ind irec t 

influence on the yield, w ere  selected to f it l inear regression equations. None of



T a b l e  2 0 .  C o e f f i c i e n t s  o f  c o r r e l a t i o n  b e t w e e n  Q / I  p a r a m e t e r s  o f  
p o t a s s i u m  a n d  y i e l d

S I  .  

N o .

Q / I  p a r a m e t e r s

Y i e l d o f  c o c o n u t

1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2

1 P B C k - 0 . 3 9 5 8 * - 0 . 4 1 5 3 * - 0 . 3 9 5 1 * - 0 . 4 4 4 2 *

2 A R e k 0 . 1 7 9 9 0 . 2 5 0 9 0 . 2 0 1 7 0 . 1 7 5 2

3 A K „ - 0 . 1 4 0 5 - 0 . 0 6 2 3 - 0 . 1 2 5 0 - 0 . 1 5 1 6

4 A K X - 0 . 0 2 4 7 - 0 . 0 6 8 4 - 0 . 0 6 0 1 - 0 . 0 1 9 2

5 a k l - 0 . 0 6 0 1 - 0 . 0 4 8 9 - 0 . 0 7 5 4 - 0 . 0 5 7 8

6 K  p o t e n t i a l - 0 . 3 4 5 8 - 0 . 3 2 6 4 - 0 . 3 3 9 5 - 0 . 3 7 5 6

7 A  G 0 . 1 9 9 1 0 . 2 9 1 5 0 .  2 3 2 8 0 . 2 6 9 6

*  -  S i g n i f i c a n t  a t  5 % . l e v e l



T a b l e  21. L i n e a r  r e g r e s s i o n  e q u a t i o n s  r e l a t i n g  the y i e l d  w i t h  soil c h e m i c a l  e n v i r o n m e n t

SI . No. X V = yield 1989 r 2 V = yield 1990 r 2 V « yield 1991 r 2 y -- yield 1992 r 2 y -' yi el d 90-91 r2

1 Organic carbon y- - IOO. 70M021. P3x .083 y-- - 1 8. 2 1 * 32 3, 26x .08 r  - 1 0 3. 89* 9 1 1 . 7tx . 11 y-- 29, 88* 147, 77x .0051 T - - 1 5 .  7 1 * 3 7 0 . Olx .14

2 CEC y- 31 . 7 H68. 56x .027 y= 7 3 . 8 5 * 9 . I7x . 0 0 1 y - 8 7 . 4 * 1 5 . 9x . 0 2 r - 167.56* 10. 16x . 0 0 2 T- - 5 . 2 7* 2 6. 72 x .05

3 Hater soluble K y= 7 6 . H Z l . 3 1 x . 1 7 r  I8. 89*8. 19x . 2 1 T - 80 . 5 1 t l 7 . 67 x . 18 y- 93, 82* 10. 6x .13 T- 31 , 19* 6. 22x .18

1 Exchangeable K y- 209. 09tt.63x . 1 2 T- 7S. 57 t l . 66x . 1 2 r - 167. 66*2.  15x 0 . 2 2 r - 161. 06* 2. 15x 0.09 r -  66. 89*l , 59x .19

5 Available 1! y= I 60. 26t t . t 6x . 16 y- 60. 12* l . 56x . 1 7 y= 123. 23* 4, 53x .25 r -  136. 76* 2. 19x . 1 2 y-- 51 . 50* 1 . 51x ,23

6 Non Exchangeable K y= 362. 9t - l . 18x .031 y-- 1 1 7 . 7 5 - 0 . 15x .005 y- 323. 84-l . 09x .05 y= 221. l7-0. 33x .008 y= l23. 6-0. 15x .06

7 PBCk y= t00. 37-98. 51x . 16 y= 113. 36- 31. 28x . 17 y - 346. 04-78. 15x .16 y-- 267. 6-62. 03x . 2 0 y - 127. 99-27. 19x .15

8 ARe* r - 255.32* 18677. t6x .18 y-' 87. 06* 8611. 29x .063 y-  225. 99*16616. 56x .011 y= 180.5*10206.5lx .03 y= 91. 09*3895. 21x . 0 2

9 1! Potential r  369.12-28896.7x ,032 y-- 130.38-9017.  Ix .11 y= 320. 67-22554, 5x . 1 2 y-- 216. 81-17611. 13 . 1 1 y- 120.67-8666.62x .11

10 AG y= 652. 37*22. 80x .06 y-- 27 8. 68* 1 1 . 07x .085 y-  593. 06* 21. I9x .051 y-- 1 7 l . 32 * ! 7 . 32 x .072 y- 186. 20*5. 56x .03



T a b l e  22. M u l t i p l e  r e g r e s s i o n  e q u a t i o n s  r e l a t i n g  y i e l d  a n d

soil p o t a s s i u m  s t a t u s

y  -  y i e l d  o f  n u t s  i n  1 9 8 9

y  =  2 5 3 . 7 1  +  3 3 5 . 8 2  w a t e r  s o l u b l e  K  -  3 2 4 . 3 3  a v a i l a b l e  K  +  

3 2 6 . 2 8  e x c h a n g e a b l e  K  -  1 0 5 . 0 8  P B C k  +  1 5 1 2 7  A R e *1  +  

9 7 3 0 . 3 1  K  p o t e n t i a l  ( r 2  =  0 . 3 0 )

y  =  y i e l d  o f  n u t s  i n  1 9 9 0

y  =  6 3 . 0 8  +  3 0 . 0 9  w a t e r  s o l u b l e  K  -  2 3 . 5 7  a v a i l a b l e  k  +

2 4 . 0 2 2  e x c h a n g e a b l e  K  -  3 9 . 1 6  P B C k  -  3 1 8 4 . 9 6  A R e k  +  

5 9 2 4 . 1 3  K  P o t e n t i a l  ( r 2  =  0 . 3 4 )

y  =  y i e l d  o f  n u t s  i n  1 9 9 1

y  =  1 9 8 . 9 7  +  1 9 7 . 8 8  w a t e r  s o l u b l e  K  -  1 8 9 . 5 1  a v a i l a b l e  k  +

1 9 2 . 6 0  e x c h a n g e a b l e  K  -  7 9 . 8 0  P B C k  -  2 2 2 0 . 0 1  A R e k  +

9 1 5 9 . 0 2  K  p o t e n t i a l  C r 2  =  0 . 3 5 )

y  =  y i e l d  o f  n u t s  1 9 9 2

y  =  1 9 7 . 8 4  -  4 . 4 4 2  w a t e r  s o l u b l e  K  +  1 1 . 4 0  a v a i l a b l e  k  -

1 0 . 5  e x c h a n g e a b l e  K  -  7 8 . 5 2  P B C k  -  1 0 2 6 0 . 6 3  A R e k  +

8 5 8 0 . 7 7  K  p o t e n t i a l  < r 2  =  0 . 2 7 ) .

y  ~  M e a n  y i e l d  o f  n u t s  d u r i n g  1 9 9 0  a n d  1 9 9 1

y  =  7 5 3 . 5 4  +  2 5 4 . 5 7  w a t e r  s o l u b l e  k  -  2 5 1 . 3 9  a v a i l a b l e  K  +

2 5 2 . 2 2  e x c h a n g e a b l e  K  +  1 3 . 5 9  P B C k  -  3 3 6 1 6 . 6 9  A R e k  -

5 3 3 0 . 6 6  K  p o t e n t i a l  ( r 2  =  0 . 3 8 )



the equations resulted  in sign ifican t r values for all the four y e a r ’s y ie ld  

estimates (Table 21) and also for the y ie ld  estim ate  for 1990-1991.

Nevertheless, the linear equations developed to estim ate  y ie ld  in 

rela tion to w aterso lub ie  K, exchangeable  K, availab le  K, PBCK, A R ^  and K  

potential w ere  relatively  be tte r  in r values. These param eters were used to 

develop the  m ultip le  regression equations presented in tab le  22. I t  was 

observed that coconut y ie ld  could be explained by varia tions in these 

parameters, bu t only w ith  m odera te  accuracy (r ranged from 0.27 to 0.38).
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D IS C U S S IO N

N utrien t m anagem ent at d ifferent levels over a long period of time 

w ould  resu lt in s ign if ican t soil spatial variability  in tile coconut garden. Tile 

changes in soil chemical environm ent due to applied treatm ents and the 

resu ltan t d ifferences in the response of coconut have been m easured and 

presented in the foregoing chapter. The results can now be discussed in the 

l igh t of published inform ation and fundam ental theoretical considerations.

5.1 Soil chem ica l e n v iro n m e n t  in the co co n u t  g a rd e n

Several of the soil chem ical constituents under observation  have 

changed in m agnitude as is evident from the data on tables 1 to 3. This 

excludes the potassium  dynamics w hich forms the m ajor thrust of the present 

investigation.

The soil properties affecting K availability  are pH, organic carbon, 

cation exchange capacity, in teracting  cations and m ineralogicai characteristics . 

(Chatterjee  and Maji, 1984).

The pH of soil was significantly  reduced as a result of application 

of (NH 4 ) 2 S 0 4  @ 340 g and 680 g N /tree/ year for 25 years w here jis  the p lo t 

which has no t received  (NH 4 ) 2 S 0 4  fo r 25 years recorded a significantly  higher 

pH compared to others (Fig.2). A cidifying effec t of N H ^  ions as a result of 

continuous addition of (NH4) 2 S 0 4  in the basins of coconut palms has been



Fig. 2. Main effects of N, P and K 
on pH and CEC



reported by Kamaladcvi ct al. (1975), Pushpangadan (1985), Anil Kumar and 

W ahid (1989) and Prabhakum ari (1992).

The soils recorded a low organic carbon conten t (0 .32 to 0.48%). 

The lowest organic carbon value  considered ideal fo r the growth of coconut was 

1.0 (M anciot el al., 1979). The organic carbon con ten t of the soil under 

investigation was much below the ideal value. There was no s ign if ican t 

d ifference in the organic carbon conten t in the soil under d ifferen t treatments. 

This corroborates the finding of Pushpangadan (1985) and Prabha Kumari 

(1992). In soils which are inherently low in organic carbon content, chem ical 

fertilization  for long periods will n o t  produce drastic  changes in organic carbon 

content.

Owing to the predom inance of low activity clay minerals, the 

experim ental soils recorded  very low CEC. H ow ever the im position of 

fer ti lizer  treatm ents created  s ign if ican t differences in CEC. CEC of the 

fertilized  plots was significantly  h igher than unfertlized  plots. CEC was found 

to increase with higher levels of N, P and K (F ig . 2 ). Pushpangadan (1985) 

reported  that applica tion  of N and K continuously resulted  in a s ign ifican t 

increase in CEC from unfertilized  to fertilized  plots.

The exchangeable Ca conten t o f the soil was not influenced 

significantly  by the long term application of fertilizers. Exchangeable Ca 

content o f the soil increased with increasing rate of superphosphate  due to the 

influence of Ca present in the fertilizer m aterial (F ig .3). Anil Kumar and 

W ahid (1989) also reported  the increase  in Ca content of the soil as a resu lt  of



Exch. Ca (ppm) 1113 Exch. Mg (ppm) E22 Exch. Na (ppm)

Fig. 3. Main effects of N, P and K 
on Exchangeable Ca, Exchangeable Mg and 

Exchangeable Na



c o n t i n u o u s  a p p l i c a t i o n  o f  s u p e r  p h o s p h a t e .  T l i r  e x c h a n g e a b l e  P a  c o n l e n t  o f  t h e  

soil decreased as a re su l t  of applica tion  of N and K a t h ighest levels (F ig .3), 

Pushpangadan (1985) and Prabha Kumari (1992) reported  tha t  the continuous 

applica tion  of N resu lted  in a decrease  in Ca status of soil due to leaching of 

Ca under the  in fluence  of residual acidity b ro ugh t from the  application of

(NH4)2s o 4.

The continuous applica tion  of fertilizers  d id no t significantly  affec t 

the exchangeable  Mg content of the soil. H ow ever continuous application of N 

significantly  increased  exchangeable  Mg con ten t from n 0  to n 2  levels, w h ile  P 

and K did n o t  in fluence  the Mg conten t of soil which m igh t be due to the  K  x 

Mg antagonism  in the absence of applied  Mg (Fig.3). S im ilar reports were 

m ade by Pushpangadan (1985) and Prabha Kumari (1992).

The long term application of N reduced the exchangeable  Na 

content o f the soil, w hile  the continuous application of P and K did not affect 

the exchangeable Na status (Fig.3).

The exchangeable Al content of the soil increased w ith  increasing 

doses of N (F ig .4). This may be due to the reduction in pH as a resu lt of 

continuous application  of (NH 4 ) 2  SC>4. The long term  application  of P and K 

did not s ignificantly  a ffec t the exchangeable  Al content of the soil.

The exchangeable  Fe, Mn and Zn contents o f the soil w ere  not 

s ignificantly  affected  by the long term application of N,P or K fertilizers. 

S im ilar reports w ere  made by Anil Kumar and Wahid (1989) in the case o f Fe



Fig. 4. Main effects of N, P and K 
on Exchangeable Al



and Zn. However, they reported erosion of soil Mn lerlility  along the root zone 

profile  due to drop in pH. The long term application  of N and K significantly  

affected  the exchangeable  Cu conten t of the soil, w here  as the effec t of P was 

no t pronounced.

Among the soil characteristics studied, under the present project, Zn 

and Mn w ere  found to be correlated positively (Table 12). A nother no tab le  

observation was the sign ifican t negaLive correlation  between exchangeable Al 

and pH. The in fluence  of exchangeable  Al in determ ining the soil reaction of 

acid soils has been reported  by several workers. Exchangeable Al was 

positively and significantly  corre lated  with exchangeable  Mg. In turn, 

exchangeable Mg was positively corre la ted  with organic carbon. The influence 

of exchangeable  Al on the dynamics of m ajor as well as m inor nutrients 

deserves further attention, even though Al is no t rated as essentia l p lan t 

nutrient.

5.2 P o ta ss iu m  a v a i la b i l i ty  in d ices  in the co co n u t  g a rd e n

Availability  of soil po tassium  is a function of its chemical forms in 

the  soil as well as other soil properties. Several methods have been suggested  

for reasonable soil tests to represen t potassium  availability  for crop uptake. 

One of the m ost popular methods involve extraction of potassium  with Normal 

Neutral Ammonium acetate  and designating  i t  as availab le  K (Hanway and 

Heidal, 1952). However, several scientists have suggested inclusion of other 

forms of potassium  as availab ility  indices (Sachdev and Khera, 1980; Bajaj 

and Goswami, 1987 and Beegle  and Baker, 1987). Lai et al. (1990) reported



that on  lo n g  le in i  l e r l i l i z a l i o n  e x c h a n g e a b l e  aiul non e x c h a n g e a b l e  l o n u s  ol  K. 

play an im portant role in K uptake by m aize and wheat. In the p resen t study 

estimations w ere  carried  ou t on d ifferen t fractions of soil as well as the 

quantitiy-in tensity  parameters of soil K. The e ffec t of graded nutrition  of 

coconut was reflec ted  in the contents and in teractions of these  parameters.

There  w ere  s ign ifican t differences in the forms of potassium 

present in the soil a fte r  25 years of continuous addition and crop uptake. The 

contents of w ater soluble, availab le  and exchangeable  k increased significantly  

with higher levels of potash application whereas I1N 0 3 -K, non exchangeable K 

and total K rem ained unchanged (F ig .5). HNO 3 -K also increased with 

increasing doses of K, though it was n o t s ign if ican t whereas non- exchangeable 

K decreased w ith  increasing doses of K. This corroborates the finding  of 

Prem akum ar (1989). Anil Kum ar and W ahid (1989) reported an increase  in 

available  K as a re su l t  of continuous application  of m uria te  of potash to 

coconut. A sligh t increase  in total potassium  content of the soil was observed 

due to continuous potash addition, though it  was not significant. But the 

contribution towards total potassium  was mainly from available  and 

exchangeable forms as ev iden t by the low non- exchangeable  potassium  content 

of fertilized  plots. Large reserves of potassium  cannot be bu ilt  up in such a 

soil w ith  predom inantly  non expanding clay m inerals. Chatter]ee et al. (1983) 

reported  that in non-fix ing type soils (eg. K aolin ite  dom inant) non 

exchangeable K was considered as an in ferio r  source of po tassium  for plant. 

S ince kaolin itic  clay minerals have no in ter layer b inding site  for K and have 

low CEC, they do not hold non exchangeable K. Therefore  as far as potassium  

dynamics is concerned, kao lin ite  has behaved sim ilar to sand particles. Thus it
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is e v i d e n t  t h a t  t he  r e s e r v e s  o l  noIIn d o m i n a n t  in k a o l i n i t e  c a n n o t  |>e m a d e  

su ffic ien t for susta ined  crop production and hence continuous K fertilization  

may be recom m ended for coconut in such soils.

Long term application of N and P did no t significantly  a ffec t the 

potassium  content of the soil though there was a decreasing trend in easily 

ex tractable  forms w ith  an increase  in N and P (F ig .5). The reduction in 

exchangeable K con ten t as a resu lt  of long term application  of P due to the 

in fluence of Ca in the fer ti lizer  m aterial in replacing the K from exchange sites 

was reported by Anil Kum ar and Wahid (1989).

The quantity-in tensity  relations of labile  soil K rela te  its 

availability  or in tensity  (I) to the am ount (Q) p resen t in the soil. The power of 

a given soil to supply any particu lar  nu trien t is characterised  by both the total 

am ount of nu trien t p resen t and intensity  at which it is supplied. The 

re la tionsh ip  between these  two parameters may be  determ ined  by the Quantity - 

Intensity (Q/I) technique proposed by Beckett (1964 bl. The Q/I rela tion  gives 

a m easure o f both the curren t K potential in the lab ile  pool (degree  of 

availability  o r intensity  factor, I) measured as the activity  ratio and the way in 

which this potential depends on the quantity (Q) of the lab ile  K in the soils.

The P B C ^ va lue  ranged from 0.25 to 3.33 me. 100g'* (mol

li tre ’* ) ^ 2. V alsaji (1989) reported a PB C ^ va lue  of 0.86 to 9.6 me.lOOg " 1  (mol
1  1 / 2l itre  ) in N eyyattinkara  sandy loam soil. The treatm ent n^pjkQ recorded 

the h ighest PB C K of 3.33 me.lOOg " 1  (mol l i t re_1) 1/2. A high soil PBCK value  is 

ind icative  of g rea ter capacity of the soil to maintain K concentra tion for longer



p r r i o d n  a l t h o u g h  i t  o f t e n  I c n t l n  t o  l o w  K  i n l c n n i t y .  T h e  l o w e s t  1 ' I K v a l u e  o f

0.25 me.lOOg 1  (mol litre  1) 17̂  was recortjetj jn treatments n-)pQk2  and

n 2 P ik j .

A pplication  of N increased the PB C K values from n 0  to n2, w here 

as the e ffect of P was quadratic. PB C K decreased  from kQ to k 2  treated
ir

p lo ts(F ig . 6 ). The low ering  of PBC va lue  ind icate  a high potassium  infrnsity  

due to increase in the ferti lizer  dose in k 1  and k 2  treated plots. A low PBCK 

va lue  in this soil necessitates frequent fertilization  because  such soils fail to 

maintain a g iven K supply for a considerable  period (Sparks and Licbhardt, 

1981).

The equilibrium  activity ratio (AR^) ranged from 0.0006 to 0.0064 

(mol l i t r e '1)172. Valsaji (19S9) reported a range of 0.011 to 0.026 (mol 

l i t re * 1 ) 1 7 2  in N eyyattinkara  sandy loam soils. The low est A I ^  value  was 

observed in n.1 p 1 k 0  trea tm ent and h ighest in n ^ ^  and n 0 p 1 k 2  treatm ents. This 

indicates that a reduction  in AR^ va lue  was noticed when N and P w ere  applied 

w ithou t K. This corroborates the findings of Patra and Khera (1983). An 

increase  in AR^ va lue  was found when K was applied  alone and in combination 

with low est level of P. But Biswas ct al. (1989) observed that absence of any 

one of the major nutrients in the ferti lizer  schedule  resulted in a decrease  in 

A I ^  value.

A pplication o f N resulted in a decrease in A I ^  va lue  from nQ to n 2  

treated plots w here  as application of P had a quadratic  effect. AR^ va lue  was 

higher in p j treated  p lo t than p 0  and p 2  treated  plots.



Fig. 6. Main effects of N, P and K on
PBCk
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Increased levels of K fertilization  increased A R e , which conformed 

w ith  findings of B eckett (1964 b), Le Roux and Sum ner (1968 b) and Sparks 

and L iebhard t (1981). The values of A R ^  in the p resen t study w ere  well above 

the m inim um  A R ^  (5 x l0 ' 4  mol L"1) a t  which the crop may respond to K 

application (Beckett, 1972).

The K held  on non specific  p lanar sites (AKq) ranged from 0.0004 

to 0.0064 me 100 g"1. V alsaji (1989) reported  that AK 0  ranged from 0.013 to 

0.120 me lOOg"1. The mean value  for AK 0  was 0.002 me. lOOg " 1  which was 

much lower than the mean value of exchangeable  K. (0.011 meq.lOOg ■*). 

Sparks and L iebhard t (1981) and D utta  and Joshi (1992) reported  a lower AK 0  

va lue  than exchangeable  K. These observations find support from the report of 

B eckett and Nafady (1968) who reported  that a part of exchangeable  K did n o t 

contribu te  to the AK 0  pool. Mean va lue  of AKq was also lower than mean va lue  

of NH^OAC-K. Sparks and  L iebhardt (1981) reported  tha t NH^OAC-K tended 

to over predict exchangeable  K in some soils. H igher exchangeable  or labile  K 

w ith  NH 4 OAC-K was attributed  to d isp lacem ent o f K w ith  a c rys ta lline  radius 

of 1 . 3 3 A 0  by N H ^ w ith  c rysta lline  radius of 1.43A 0  from w edge  zones or 

specific  sites of K bearing m inerals (Rich, 1964).

The content of K associated  w ith  specific  sites (AKX) ranged from 

0.002 to 0.0076 me.lOOg"1, w hich was lower than the range (0.35 to 0.42 

meq.lOOg"1) reported  by Valsaji (1989). AKX values w ere  h igher in the n l 5  p t 

and k j  treated plots com pared to o ther plots. AK .̂ v a lu e  increased when K was 

applied @450 g K 2 0/palm /year, but decreased w hen 900 g K 2 0 /  palm / year  was 

applied. Sparks and L iebhardt (1981) reported  tha t  K fertiliza tion  increased



the value  of AKX in soils  containing 14Ay- intergrade minerals (('hloratized  

vermiculite).

Labile  IC (AK^) obtained from Q/I re la tionsh ip  is the loosely held 

K being exchanged by the Ca ions from colloidal surface (Beckett et aL, 1966). 

The labile  K includes both the K held a t  specific sites (A I^ )  and non specific  

sites (AKo). The AK^ of the soils ranged from .0014 to .009 me lOOg"1. 

V alsaji  (1989) reported  a range of .048 to .54 me lOOg ' 1  in N eyyattinkara  

sandy loam soils.

A pplication of N decreased the AKL values from n 0  to n2. The 

e ffec t of P was quadratic . The plots not receiving K fertilizers  recorded a 

h igher AKL compared to those receiving K fertilizer.

The K potential of the d ifferen t treatments ranged from .0001 to 

0.0085 me lOOg ' 1  (mol litre"1) 1^ .  The K potential decreased w ith  K 

fertiliza tion  application.

The free  energy of exchange (AG) ranged from -12.50 to -18.35 

KJmol"1. W oodruff (1955) suggested a critical va lue  of -16.8 kJm ol " 1  for 

response. E xcept the treatments n^p^kg, n2p gk^ and n 2 p 2 k2, the AG values of 

all o ther treatm ents w ere  lower than the critica l value. A ccording  to his 

c lassif ica tion  a va lue  of -16.8 to -14.7 KJ m ol " 1  are defic ient in availab le  K, 

values betw een - 14.7 and -10.5 KJ mol " 1  are adequate  and those having less 

than - 8.4 KJ m ol " 1  cause K toxicity. As per this c lassification  the majority of 

soils under investigation  came under the defic ien t range and the rest under the



a d e q u a t e  r a n g e .  M a i  d a  ( 1 9 8 0 )  r e p o r t e d  AG v a l u e s  o f  - 1 2  to  -16  KJ m o l '*  in

soils growing tea plants and fie ld  observations show ed that tea plants growing
- 1on soils having AG values less than -15 KJ mol responded to k fertilizers .

5.3. P o ta ss iu m  d y n a m ics  in the  co co n u t  g a rd e n

The s ta te  of equilibrium  tha t  exists in the soil w ith  chemical 

identities of potassium  as well as its a ttr ibu te  variables, is dynamic, and 

therefore  su b jec t  to spatial and temporal variations. Hence prediction o f the 

behaviour of soil potassium  in a specific  soil s ituation  is often difficult. The 

type and ex ten t  of in teraction  of each form of potassium  with o ther  soil 

components w ould  fluc tuate  often beyond the limits of empirical expressions. 

Nevertheless the ensuing tex t explores the in tricacies in these  re la tionships so 

as to develop v iab le  models to p red ic t potassium  dynamics in a coconut 

growing soil under rainfed  situation.

Following is a perusal of the corre la tions obtained between various 

properties under study.

The pH was significantly  and positively corre la ted  to non 

exchangeable IC, negatively correlated to w a ter  so luble  IC, availab le  IC, 

exchangeable  K and positively corre la ted  to HNO^-K and total K. Subba Rao 

and Sekhon (1991) reported that the effect of pH on w ater  so lub le  and 

exchangeable K conten t and their re la tionsh ip  w ere  not conspicuous in soils 

vith  appreciab le  am ount of organic carbon and pH grea ter than 5.5.



O r g a n i c  c a r b o n  w a s  p o s i t i v e l y  c o r r e l a t e d  to  r e a d i l y  a v a i l a b l e  f o r m s
\

of K viz., w ater so luble  K, available  K, exchangeable. K and was negatively 

correlated  to HNO 3 -K, non exchangeable  K. and total K. An increase  in w ater 

so lub le  and exchangeable  K contents w ith  increase  in organic carbon con ten t in 

acid  tropical soils has been reported  by Subba Rao and Sekhon (1991).

CEC was significantly  and negatively corre la ted  to difficulty 

exchangeable forms of K, viz., HNO 3 -K and non-exchangeable  K. CEC was 

negatively correlated  to w a te r  so luble  K, total K and was positively corre la ted  

to available  K and exchangeable K. A positive  correlation  of CEC w ith  w ater 

soluble, exchangeable  and  difficulty exchangeable  forms was reported  by 

Shanm ughanathan and Loganathan (1976) in som e coconut growing soils of 

Srilanka.

The exchangeable  Ca was found to correlate  positively w ith  all the 

potassium  fractions. This corroborates the finding of Shanm ughanathan and 

Loganathan (1976).

The exchangeable Mg was significantly  and negatively correlated  

to difficultly  exchangeable  forms of K namely HNO 3 -K and non exchangeable  

K. It was negatively correlated  to w ater so luble  K, total K and was positively 

corre la ted  to availab le  K and exchangeable K.

The exchangeable  Na conten t of the soil was positively corre la ted  

to available  K, exchangeable  K, HNO 3 -K, non exchangeable  K and was 

negatively corre la ted  to w ater  so luble  K and to ta l K.



T h e  e x c h a n g e a b l e  A l  vvjin n e g a t i v e l y  c o r r e l a t e d  to  to t a l  K., non 

exchangeable K, HNO 3 -K and was positively correlated  to w ater soluble, 

availab le  K and exchangeable  K. Com petition of Al fo r exchange sites may 

increase  K  availab ility  of the soil containing high amounts of exchangeable  Al.

The exchangeable Fe was significantly  and negatively corre la ted  

with  HNO 3 -K. E xchangeable  Fe, cu, Mn and Zn w ere  positively correlated to 

w ater so luble  IC, availab le  IC and non exchangeable  K. Exchangeable Cu, Mn 

and Za w ere  positively corre la ted  w ith  exchangeable  K, where^as exchangeable 

Fe was negatively corre la ted  with exchangeable  K. The corre la tion  of Cu and 

Mn with H N O 3 -K were positive  and that of exchangeable  Zn was negative. 

Exchangeable  Mn and Zn w ere  corre la ted  positively w ith  total IC, w hile  

exchangeable Cu was corre la ted  negatively with total K.

The w aterso lub le  K was sign ifican tly  and positively correlated  to 

available  K, exchangeable  K and HNO 3 -K. Positive  non s ign ifican t 

correlations w ere  observed between w ater  so lub le  K, non exchangeable  K and 

total IC. S im ilar reports have been made by Devi et al. (1990) in Vellayani and 

N eyyattinkara soil series. A vailab le  K was positively  and significantly  

corre la ted  w ith  exchangeable  K and w ater so luble  K. M ishra and Srivastava

(1991) reported  s im ila r  results in soils of Garhwal Himalayas. The 

exchangeable K  was positively correlated  to HNO 3 -K and was negatively 

correlated  to non ex changeable K w here  as HNO 3 -K was significantly  and 

positively corre la ted  w ith  non exchangeable K. These re la tionships suggest the 

dynamic equilib rium  existing  between d ifferen t forms of soil potassium.



A m o n g  th e  s o i l  p r o p e r t i e s  o r g a n i c  c a r b o n ,  C E C ,  e x c h a n g e a b l e  Na 

and Al were negatively correlated  w ith PB C^. O ther soil properties were 

positively correlated  to PB C K. Only exchangeable  Cu was significantly  and 

positively correlated w ith  PBCK. None of the K fractions w ere  significantly
K ITcorrelated  to PBC . The K fractions w ere  negatively correlated  to PBC 

indicating that an increase  in K fractions results in a low buffering capacity of 

the soil. D utta  and Joshi (1992) reported  that the PB C K values w ere  related 

neither with soil characteristics nor with availab le  forms of K and the 

variability  in PBC*1" values could be explained better due to com bined effect of 

soil characteristics than that of available  forms of K.

None of the soil properties w ere  significantly  correlated to AB^. 

Sim ilar results w ere  reported by D utta  and Joshi (1992). Among the K 

fractions HNO 3 -K was significantly  correlated  to AB^. D utta  and Joshi

(1992) reported  that none of the availab le  forms o f K significantly  correlated  

w ith AB^.

The Ak0  was found to be significantly  and negatively corre lated  to 

CEC. None of other soil properties significantly  correlated  w ith  Ak^. Also 

none of the potassium  fractions significantly  correlated  with Ak0. This 

corroborates the findings of Dutta and Joshi (1990, 1992) who reported  that 

neither the soil properties nor the K fractions did significantly  a ffec t AkQ.

None of the soil properties and K fractions corre lated  significantly  

w ith  AK ^ Sim ilar results w ere  observed by Chandi and Sindhu (1983) and 

Dutta and Joshi (1992).



exchangeable  Zn. None of the o ther soil properties and K fractions

signific  fly a ffected  AKL. Dutta and Joshi (1990, 1992) reported  tha t none of

the soil properties and K fractions w ere  s ignificantly  corre la ted  to AK^.

The K potential was significantly  and negatively corre lated  to 

exchangeable  Al. O ther soil properties w ere  n o t  s ignificantly  corre la ted  to K 

potential. D utta  and Joshi (1990, 1992) reported  tha t K potential was 

significantly correlated  with CEC, significantly  and negatively correlated with 

oH (Dutta and Joshi, 1990).

None of the K fractions s ignificantly  corre la ted  with K potential. 

This is in agreem ent w ith  the findings of D utta  and Joshi (1990, 1992).

AG was found to be  positively corre la ted  with all potassium

fractions.

The potential buffering  capacity of If was significantly  and 

negatively corre lated  to AE^ and AG and positively  correlated  to K potential 

and Akjj. Among the quantity factors, PBCfc was correlated  negatively with 

AKX and AkL whereas AkL was significantly  correlated  with AK 0  and AKX. 

Chandi and Sindhu (1983) reported a positive  correlation  of PBC with lab ile  

K parameters and a negative  correlation  w ith  AE^. A positive  sign ifican t 

correlationsof AE^ w ith  AKQ, AKL and AG w ere  observed. These relationships 

indicate  that h igher am ount of K and h igher am ount of free energy of exchange 

w ere  associated w ith  h igher AE^. The free  energy of exchange (AG) was

A m ong the s o i l  properties AK^ w as s ig n if ica n t ly  correlated w ith



significantly  and positively correlated w ith  AR^, AKQ and AK^ and negatively 

rela ted  to PBCK. The quantity factors AK 0  and AKL w ere significantly  and 

positively corre lated  to AR^ ind icating  the c lose  re la tionsh ip  of lab ile  K 

parameters (quantity factors) w ith the intensity  factor. The in te r  relationships 

among the quantity intensity parameters po in t o u t  tha t anyvchange in one entity 

will be accom panied by changes in other param eters.

5.4 Y ield  re sp o n se  of co conu t

5.4.1. R esponse  to g ra d e d  n u t r i t io n

The fie ld  experim ent represents a variety  of fer ti lizer  m anagem ent 

levels under ra infed  coconut cultivation. How ever the 27 com binations did not 

d iffer  s ignificantly  w ith  respect to y ie ld  of nuts. The results (tables 7,8 and 9) 

h igh ligh t (the im portance of extraneous factors o ther than fertilizers , especially  

available  moisture, in determ ining the y ie ld  of coconut under rainfed  

situations. Reports by N air et al. (1988) suggest tha t upto 50% increase  in 

y ie ld  in coconut could be  achieved by the effect o f irrigation.

Even under rainfed  situations, the levels of potassium  significantly  

influenced nut y ield . More than 200% increase  in y ie ld  was observed during 

all the years (Table  10) a t kj and k 2  levels than kQ level. How ever the 

percentage increase  in y ie ld  from k j to k2was not as h igh as that from k 0  to k j 

though the d ifferences w ere  s ign if ican t (Fig. 7). Potassium  levels w ere  found to
l
' in te ra c t  significantly  w ith N status of the soil especially  during 1989. Nitrogen 

application w ithou t potassium  resulted  in a decrease  in y ie ld  w herejas N along
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with K significantly  increased the yields. The im portance of potash nutrition to 

coconut palms htk .been reported on several occassions (Frem ond and Ouvrier, 

1971, M agat et al. 1975, M argate et a l ., 1979 and Singh and Mishra, 1991). 

There  w ere  also earlier  reports that the lim iting  e ffec t of N will be more 

pronounced when K is app lied  w ithou t N.

5.4 .2  R espo nse  to soil chem ical e n v iro n n ie n .

The e ffect o f soil chem ical environm ent on the availability  of 

nutrients especially K is discussed elsew here (Section 5.1). Sim ple 

correlations w ere  w orked out between various soil param eters and the  y ie ld  

(Table 15). Those factors which w ere found to influence y ield  w ere  included in 

the construction of l inear regression equations (Table 21). Organic carbon and 

cation exchange capacity w ere  found to be the two main factors influencing the 

y ie ld  of coconuL Reports by M ancio t et al. (1979) support the present 

findings.

5.4.3 R espo nse  to p o tass iu m  d y n am ics

Yield of coconut was significantly  corre lated  w ith  water soluble,

available  and exchangeable K. The re la tionsh ip  was positive  in the case of

above fractions as w ell as HNO-j-K and total K. Non exchangeable  K show ed a

negative re la tionship  with yield . Same was the case w ith  PBCK. Valsaji

(1989) reported  th a t  w a te r  so luble  K, exchangeable  K, availab le  K, HNO 3 -K 
Kand PBC w ere  significantly  and positively related  to y ield  whereas non 

exchangeable K had a positive  non s ign ifican t relationship.



J u d g i n g  f r o m  the f i n d i n g s  i t  c a n  b e  s u g g e s t e d  Ihn t  c o c o n u t  y i e l d  

estimates could  be be tter  accom plished if the level of K extracted  with 

N H 4 -OAC is considered along w ith other fractions of K as well as the  PBC . 

Consequently sim ple  l inear  regressions were w orked ou t to define coconut

yield . (Table 21). The equations were s ign if ican t in the case of w aterso luble
KK, available  K, exchangeable  K and PBC . A ccording to Valsaji (1989) these 

factors can in fluence  coconut y ie ld  in an appreciab le  level.

Attem pts w ere  made to quantify the e ffect of potassium  dynamics 

on coconut yield. The parameters se lected  for this exercise  was based on the 

findings discussed earlier. The regression equations obtained thus are available  

in Table 22. It was seen that the influence  of the parameters under study on the 

y ield  of coconut under ra in fed  conditions is only about 30 to 35 percent. 

S im ilar attem pts on y ie ld  estimates are reported  earlie r  also.

Foregoing discussion on the results obtained points to the re la tive  

sign ificance  of potassium  dynamics under rainfed coconut cultivation.





SUMMARY

Chemical fertiliza tion  of coconut p lantations w itho u t organic 

m atter supplem ent over a long period w ill  a ffec t the inheren t soil chem ical 

env ironm en t Therefore, the response of coconut palms to added fe rt i lize r  may 

also change w ith  time. Coconut p lantations are always managed by supply ing  

large quantities o f potassium  fertilizers  compared to o ther nutrients. 

Continuous addition  of potassium  w ith and w itho u t other nutrients w ill  affect 

the d ifferen t fractionsof soil potassium  and therefore, potassium  fertility  o f the 

soil. Potassium  fertili ty , is, in tum , a ffected  by various soil properties. An 

a ttem pt has been m ade to docum ent the soil chemical environm ent as well as 

the dynamics of soil potassium  a fte r  25 years o f d ifferential fe r t i lize r  doses in 

a coconut plantation.

Soil samples from the root zone (0-60cm) of the 25 y ea r  old 

coconut palms from a 3 confounded fac toria l experim ent on NPK w ere  

analysed for various soil chem ical constituents including fractions o f potassium  

and the Q/I param eters o f soil potassium. T reatm ent effects on the  y ie ld  a t 2 5 th 

to 28t*1 years (1989 to 1992) as w ell as the abov~ param eters w ere  analysed 

s ta tis tically .

Several of the soil chem ical constituents under ooservauon  have 

changed in m agnitude in response to long term ferti liza tion  and removal of 

nutrients by the  growing palms.

A cid ify ing  effec t of ions as a resu lt  of continuous addition of

( N H ^ S O ^  in the basins o f coconut palms was pronounced. The pH readings



for n2, and Hq plots w ere  4.48, 4.55 and 4.89 respectively. There was no 

s ign if ican t varia tion  in organic carbon content of the soil. I t  was observed that 

the  soils w ere  inherently  low in organic carbon con ten t (0 .32 to 0.48%). Owing 

to the predom inance of low activity clay m inerals, the experim ental soils 

recorded  very low CEC. Fertilized  plots recorded  significantly  h igher CEC 

than unfertilized  plots.

E xchangeable  Ca con ten t of the soil increased w ith  increasing rate  

o f superphosphate  (mono calcium  phosphate) addition. E xchangeable  Mg 

conten t of the  soil was not affected  by the treatm ents. Long term application of 

N reduced the exchangeable  Na content of the soil and increased  the Al 

co n te n t

Exchangeable  Fe, Mn and Zn w ere no t a ffected  by the long term 

application o f N, P o r K  fertilizers whereas the Cu contents w ere  in fluenced  by 

addition of N and K.

Correla tion studies revealed the in fluence  of exchangeable  Al on 

Zn, Mn and Mg as w ell as soil reaction. The in fluence  of exchangeable  Al on 

the  dynamics o f m ajor as w e ll  as m inor nutrien ts  deserves further attention, 

even though Al is no t  rated  as essential p lan t nutrient.

The w ater so luble  K, availab le  K and exchangeable  K increased 

significantly  w ith  application  of K. A sligh t increase  in the to ta l K and HNO-j- 

K. content was observed due to continuous K addition, though it was not 

significant. N on-exchangeable K  decreased w ith  increasing doses of K. Large 

reserves of K cannot be  b u ilt  up in soil w ith  predom inantly  non expanding clay



minerals. Thus it  is ev iden t that the reserves o f soils dom inant in kao lin ite  

cannot be m ade su ff ic ien t fo r crop production  and hence continuous K 

fertiliza tion  may be  recom m ended for coconut in such soils. Long term 

application o f N and P did not significantly  a ffect the potassium  conten t though 

there was a decreasing trend in easily ex trac tab le  forms w ith  increase  in N 

and P.

There was considerab le  varia tion  in the Q/I parameters of soil 

potassium  as a resu lt o f  continuous fertilization . The PBC? va lue  ranged from 

0 .2 l  to 2.33 me 'lGGg *. H igher levels o f N resulted  in an increase  in PBC? 

whereas potassium  . application  reduced PBC? indicating  high po tassium  

intensity in k j  and k 2  treated  plots, A reduction in the A I ^  va lue  was noticed 

when N and P w ere  applied w ithou t K. An increase in AE^ va lue  was observed 

w ith  increasing doses o f K. The AE^ values w ere  found to be w ell  above the 

minimum AEg va lue  a t  w hich the crop may respond to K application. The K 

held  on non specific  p lanar sites (Ak0) decreased  w ith K  application. The 

content o f IC associated  w ith specific  sites (Akx) was h igher  in k j treated plots 

than kg and k 2  treated  plots. Labile  IC (AKL) decreased with N application. 

The plots n o t  receiv ing  K fertilizers recorded  a h igher AKL compared to those 

receiving IC fertilizer. The IC potential of the soil decreased with K 

application w here^as  the  free  energy o f exchange (AG) increased  w ith  IC 

application. M ost of the soils recorded a AG value  low er than the critical 

va lue  for response.

Correla tion studies have shown that HNO 3  -  K  was s ignificantly  

and negatively corre la ted  to CEC, exchangeable M g and Fe. Non exchangeable  

K was significantly  and positively corre la ted  to pH and negatively corre la ted  to



CUC and exchangeable Mg. None of the other soil p roperties were significantly  

corre la ted  w ith  potassium  fraction. Among the Q/I param eters s ign if ican t 

negative  correlations w ere  observed between CEC and Ak 0  and also between K 

potential and exchangeable  Al. S ign ifican t positive  correlations w ere  observed  

between PBC? and exchangeable  Cu and also between AK^ and exchangeable  

Zn. The w ater so lub le  K was significantly  and positively corre la ted  to 

available  K, exchangeable  K and HNO 3 -K. In turn, HNO 3 -K was significantly  

and positively corre la ted  with non exchangeable  K. The HNO 3 -K was found to 

be significantly  and positively correlated  w ith  A f^ .  The P B (?  was 

significantly  and positively corre la ted  with K potential and negatively 

corre la ted  w ith  and  AG. Positive  s ign if ican t correlation  of AB^ with 

Ak0, AlcL and AG indicate  that h igher am ount of K and h igher am ount of free 

energy of exchange w ere  associated  with h igher A I^ . S ign ifican t positive  

correlation  w ere observed between AK^, Akx and AkQ. The free  energy of 

exchange (AG) was significantly  and positively corre la ted  with A I^ ,  Ak0, and 

AkL. The quantity factors Ak0, and AkL w ere significantly  and positively 

correlated  w ith  AR^.

Even under rainfed conditions the levels of potassium  significantly  

influenced the coconut yield. More than 200% increase in y ie ld  was observed 

during the years 1989, 1990, 1991 and 1992 at k j  and k 2  levels than k 0  level. 

However, the percentage  increase  in y ie ld  form k j  to k 2  was no t as high as that 

from kfl to k j  though the d ifferences w ere  not significant. Nitrogen 

application w ithou t potassium  resu lted  in a decrease  in y ie ld  where as N along 

w ith  K significantly  increased the yields.



Y ield of  ̂ coconut was significantly  and  positively  corre la ted  

with w a ter  soluble, availab le  and exchangeable  K. Judging  from  the  findings it  

can be  suggested  that coconut y ie ld  estim ates could be be tte r  accom plished  if 

the level o f K  ex tracted  with WH^-QAC is considered  a long w ith  o ther fractions 

o f K as well as PBC? The regression equations worked ou t based on the above 

param eters suggest, ] th a t  the  influence  o f the parameters under study on the 

y ie ld  of coconut under rainfed  conditions is only about 30 to 3 5  percent. 7 ’his 

h ighlights the  im portance of extraneous factors o ther than fertilizers , especially  

the availab le  m oisture in determ ining the y ie ld  of coconut under ra infed  

conditions.
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ABSTRACT

Soil fertility in relation to tire dynamics of soil potassium  in a 

coconut garden was assessed to study variations due to d ifferential nutrition  of 

co co n u t  Soil samples from the root zone (0-60cm) of the 25 year  old coconut 

palms from a 3 confounded factorial experim ent on NPK w ere  analyzed for 

various soil chemical constituents including fractions of potassium  and Q/l 

parameters o f soil potassium. T reatm ent effects on the  y ie ld  a t  25 th to 2 8 th 

years (1989 to 1992) as well as above parameters w ere  analyzed statistically.

Acidifying effects of ion was revealed in the plots which

received continuous addition o f (NH 4 ) 2  SO 4  as the source of N for coconut. 

The soils recorded  low organic carbon content and cation exchange capacity, 

indicating predom inance of low activity clays. Kaolinite  was the dom inant clay 

mineral observed in X-ray diffraction studies.

Exchangeable calcium increased w ith increasing rates of super 

phosphate addition. Exchangeable Mg, Fe, Mn and Zn w ere  not affected by the 

treatments w hile  sodium  contents w ere  influenced by nitrogen doses and the Cu 

contents by N and K. Correlation studies revealed the influence  of 

exchangeable Al on Zn, Mn and Mg as w ell as soil reaction.

Potassium  application resulted  in h igher concentrations of w ater 

soluble K, availab le  K, exchangeable  K, HNO 3 -K and total K, w hile  non 

exchangeable K w a s  reduced.



Potassium  application increased the values and decreased the 

PBC?. The AG values, indicating the energy required by the crop to ex trac t soil 

potassium, was found to be  w ith in  the range of potassium  deficiency, 

suggesting the need for potassium  nutrition. S ign ifican t correlations w ere  

obtained between the difficultly extractable  forms of potassium  and two 

principal soil characteristics-CEC and soil reaction. O therwise under low 

potassium  status, potash nutrition  and the resu ltan t availab le  forms of 

potassium  w ere not influenced by inherent soil properties.

The potassium  availability  indices suggested  for the coconut 

growing environment, based on correlation  and regression analysis are 

N H ^-O A C K as w ell as the Q/I parameters namely AR^ , P B (? a n d  AG,

Levels o f potassium significantly  influenced the coconut yield.

M ore than 2 0 0 % increase  in nu t  y ie ld  was observed  w ith potash addition, over

the no potassium  trea tm en t  Nitrogen application w ithout potassium  decreased 

the yields.

Yield of coconut was significantly  and positively correlated  w ith 

available K, exchangeable  K and w ater so lub le  K. Y ield estimates are prepared 

through sim ple linear and m ultip le  regression equations, considering the 

treatm ent effects and the correlation  between various parameters.




