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INTRODUCTION

Cocoa (Theobroma cacao) is one of the most important beverage crop? 

in the world. It originated in the upper Amazon region of Latin America. Commer­

cial Cultivation of cocoa was started in India in the early 1960s. Kerala is the princi­

pal cbcoa growing state in India accounting for 80 per cent of the area under cocoa. 

Cocoa is mainly recommended as a component crop in many plantations, especially 

under coconut and arecanut.

Annual application of fertilizers over a long period in a perennial crop 

garden leads to considerable changes in the rootzone soil. Not only the direct effect 

of fertilizers, but also the interaction effects between nutrient elements contained inI
fertiliser materials and between nutrients and soil components also assume signifi­

cance. The impact can be assessed through long-term fertility experiments by deter­

mining the residual as well as cumulative effects of fertilizers on various soil fertility 

parameters.

Cocoa has naturally adapted to shade and is grown as a second tier under 

natural tree crops. The shade response of cocoa is closely linked to soil moisture 

content as the inhibitory effect due to excessive exposure can be counteracted by 

more frpquent irrigations. In addition, irrigation alters the nutrient status of the soil 

significantly as most of the nutrient elements are subjected to leaching. Nutrient 

. absorption by the plant also varies considerably between shaded and open and
I

between irrigated and unirrigated conditions. Thus soil chemical characteristics of 

the rootzone as well as mineral nutrition of the plant are altered either favourably or

I
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adverse^ by the shade and irrigation levels, it is in this context, studies on the long­

term effects of inorganic fertilization, irrigation and shade assumes importance.

The studies reported in this thesis have the following objectives.

* Toi evaluate the extent of depletion or enrichment of nutrients in various soil

strata of cocoa rootzone as influenced by regular application of NPK fertiliz­

ers j

* To pxamine the role of irrigation and shade in changing the fertility status of

the rootzone.

* To assess the build-up or depletion of soil nutrients in different soil layers as a

function of time.

* To study the nutritional aspects of cocoa as influenced by continuous fertiliza-

tion,1 irrigation and shade.
I
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2. REVIEW OF LITERATURE
1 H

The literature relevant to the present study is reviewed in this section.

2.1 General habit and mineral nutrition o f cocoa

The natural home of cocoa tree is the lower tree storey of evergreen 

tropical rainforest. In this environment the tree is subjected to high mean and annual 

temperatures, high rainfall and relative humidity and low light intensity.

Hardy (1958) stated that for cocoa the depth of root penetrable soil 

should be at least 1.5 m. According to Smyth and Montogomeiy (1962), a minimum 

of 25 per cent clay plus silt was required in fine earth fractions in 25-50 cm soil 

layer to support healthy cocoa. Experiments conducted by Alvim (1959) and Lemee 

(19^5) had shown that compared to many other tropical tree crops cocoa is excep­

tionally sensitive to shortages in soil moisture. Optimum pH for growth of cocoa is

6.5 (Purseglove, 1969).

Zevallos (1970) observed that 85 per cent of cocoa root systems is dis­

tributed in the top 45 cm depth of soil. Wahid et al. (1989) studied the root activity 

pattern of cocoa and they found that more than 85 per cent of the feeder roots were 

located within a radius of 150 cm around the tree. They also found that root activity 

of cbcoa decreased sharply beyond 60 cm depth. Bhat and Bavappa (1972) reported
i

that most of the cocoa roots were confined to the area within 100  cm from the trunk. 

Occurrence of N-fixing bacteria Azospirillum in the rootzone of cocoa was reported 

by Govindan and Nair (1984). They observed fairly high population of Azospirillum 

in the root environment of cocoa.
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According to Herrera et al. (1978) cocoa tree absorbs most of the nutri­

ents in ionic forms. The most important elements in cocoa nutrition are N, P, K and 

B (Opeke, 1982). Nelliat (1978) concluded that cocoa was a heavy feeder of K. A 

good crop of cocoa removes as much as 170 kg K ha' 1 (Uexkull,1978). Potassium is 

also the principal element present in the fruit of cocoa (Fassbender et al., 1985).

Based on results of fertilizer trials with shaded cocoa, Ahenkorah and 

Akrofi (1971) reported major response of cocoa to P with an optimum dose between 

45 and 90 kg P2O5  ha-1. A study conducted by Morais (1988) indicated that cocoa 

could be grown for five years without fertilizer. He found that application of P 

increased cocoa yield considerably while application of K or micronutrients did not 

have significant effect on yield. Experiments conducted by Murray (1975) revealed 

that heavy application of ammonium sulphate depressed the yield of cocoa. Wessel 

(1966) reported 30 per cent yield increase from the combined application of N and 

P fertilizers. Interaction effect of K with P for greater productivity of cocoa was also 

repdrted (Usherwood, 1982). Other workers have also reported similar response to 

N and P fertilizers (Wessel, 1970; KAU, 1993). Ahenkorah et al. (1987) opined that 

the rate of decline in yield of unfertilized trees during senescent phase was greater 

than that of fertilized trees. Wessel (1970) from the results of a fertilizer trial in 

cocoa at Nigeria observed no response of cocoa to K fertilizer, but both N and P
1

fertilizers gave increased yields.
*

2.2 Nutrient cycling in cocoa ecosystem

Litter fall is the major pathway for return of N, P, Ca and usually Mg to 

the soil (Adams and Attiwill, 1985). According to them nutrient turnover is related
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to the fate of organic matter turnover. Leite and ValJe (1990) opined that both 

through, fall and leaf fall were important in nutrient recycling in cocoa ecosystem. 

From an examination of nutrient contents of newly fallen plant residues and that of 

ground litter in different cocoa agro-ecosystems with and without shade trees Santa­

na et al. (1990) observed that concentrations of N and P were higher in the leaves of 

shade trees than in cocoa leaves, while the reverse was true for Ca, Mg, Zn and Mn.

Eaton et al. (1973) found that recycling of nutrients from cocoa canopy 

occurs' generally in the order of K > Ca >  Mg >  P. Tukey (1969) observed heavy 

leaching of K from the foliage of cocoa tree. In a study on nitrogen cycling in 

shaded cocoa plantation :(Aranguren et al.,Cl982) observed that 61 per cent of the 

total N in the litter fallen was contributed by shade tree leaves. Leite and Valle

(1990) concluded that most of the K cycled from the canopy was directly absorbed 

by cocoa and/or by shade tree. Yoo and Jung (1991) studied the cycling of Fe, Cu 

and Zn in a mature cocoa plantation in South-West Nigeria. They noticed that these 

nutrients were immobilized in the woody components of tree than in the decidous 

parts. Manikandan et al. (1987) reported that cocoa leaf fall significantly improved 

the Zn status of cocoa basin.

2.3 Impact of long-term inorganic fertilization on soil chemical charac­
teristics

2.3.1 Nitrogen fertilizers

The build-up of soil organic carbon due to continuous application of N 

was reported by Patiram and Singh (1993). A study on the effect of forty years of 

regular fertilizer application on soil organic N and carbon contents revealed that 

during this period, 18 per cent of applied N was incorporated into soil organic frac­

tion (Rasmussen and Rhode, 1988).
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Application of ammonium sulphate or ammonium chloride decreased the 

pH in the fertilized band significantly (Petrie and Jackson, 1984). Lower pH in 

cocoa soil basins receiving continous application of inorganic N fertilizers was also 

noticed by Manikandan et al. (1987). According to Oluobi (1989) urea application 

does not make a consistent difference in soil pH for a short period but continued use 

of urea acidified the soil to such an extent as to impair its productivity. Continued 

use of ammonia-based fertilizers lowered soil pH levels affecting crop growth. The 

depth and intensity of acidification was influenced by rate and type of N fertilizer 

(Rasmussen and Rhode, 1989). Sherbakov et al. (1989) also observed an increased 

soil acidity due to continued application of inorganic N fertilizers. Darusman et al. 

(1991) studied the changes in soil chemical properties after twenty years of fertiliza­

tion with different N sources and compared with a no nitrogen control. They noticed 

a significant reduction in soil pH from 6.2 to 5.2.

Eighteen years of regular application of N fertilizers resulted in only a 

minimal increase in mineralisable N content of the soil (Khan et al. 1978). From the 

results of a long-term fertility trial Rao et a l  (1982) concluded that application of N 

alone, accelerated N loss from the soil whereas such losses were minimised when 

applied along with P or K fertilizers. Bergsfctan and Brink (1986) opined that a 

build-up of inorganic N in soil occurs only when nitrogenous fertilizers were applied 

in excess amounts.

Continuous application of N fertilizers was found to depress the avail­

ability of K in soil (Muthuswamy et al., 1990). The experiments conducted by 

Krishnakumari and Khora (1983) revealed that application of N along with P fertil­

izers caused greater depletion of K from the soil. In terms of fertilizer equivalents
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they calculated that for effecting unit increase in available K, it required 5.89 units 

of fertilizer K in plots intensively fertilized with N and P.

2.3.2 Phosphorus fertilizers

Build-up of available soil P due to continuous application of P fertilizers 

was reported by many workers (Wahid et a l ,  1975; Rao et al. 1982; Khan et al. 

1986; De Datta et al. 1988; Anilkumar and Wahid, 1989; Muthuswamy et al. 1990 

and Mekenzie et al. 1992). Schwab et al. (1990) studying the effect of 40 years of 

phosphorus fertilization on soil P availability indices observed a downward move­

ment of P up to 60 cm depth. They concluded that movement of P in soil is gov­

erned by the P fixing capacity of soil. Hartnez (1992) studied the influence of long­

term fertilizer rate on P status of a sandy soil. He noticed that total P and equilibri­

um P concentration in soil solution increased with increasing rate of fertilization 

whereas P sorption capacity decreased with increasing P enrichment of the soil.

Highest accumulation of Bray-1 extractable P concentration was found 

in the surface 10 cm layer of P fertilized plots (Schwab et a l ,  1990). Bates and 

Baker (1960) also observed a greater accumulation of P in the surface soils. Accord­

ing to Coelho et a l  (1993), continous application of P fertilizers to sugarcane for ten 

years resulted in the accumulation of P in soil up to 200 cm depth. Perrottand 

Munsell (1989) observed heavy build-up of P reserves in soil due to continuous 

application of P fertilizers. He quantified the formation of total soil P at the rate of 

280 ^ P ' g" 1 of superphosphate in 0-25 mm depth of soil. Peterson and Krueger 

(1980) quantified the rate of build-up of available soil P as 1 kg ha-1 for every 2.3 

kg ha” 1 of applied P over a period of eight years.



Franklin and Reisenauer (1960) recognised that non-equilibrium P 

compounds of relatively high availability are formed in soil from added phosphatic 

fertilizers and such compounds exist for several years in soils of high P sorption 

capacities. According to Olos#n et al. (1983) as phosphatic fertilization exceeds 

plant P (removal, P concentration in soil solution increases and if this go above satu­

ration level crystalline solid forms of P get precipitated mainly as octacalcium 

phosphite in calcareous soils. Shuman (1988) found an increase in soil pH follow­

ing long-term P fertilization and he attributed it to the reaction of P with Fe and Al 

oxides producing OH ions.

De Datta et al. (1988) opined that exchangeable K values decreased with 

successiVe applications of P. Similar results were obtained by Negi et al. (1981) 

also. Addition of P had no significant effect on soil N dynamics according to Javed 

and Fisdher (1990).

2.3.3 Potassium fertilizers

As in the case of P soil K also increases following continuous addition of 

inorganic K fertilizers (Bakheistad and Burhan, 1973; Singh et al. 1980 and Anil- 

kumar and Wahid, 1989; Malenga and Grice, 1991; Joseph, 1993). According to 

Malenga|and Grice (1991) subsoil K content was influenced only by higher rates of 

application. The results from a long-term fertilizer experiment indicated that ex­

changeable K status of surface and sub-surface soil increased by 10 and 26 ppm 

respectively over the initial values due to continuous application of inorganic fertil­

izers (Sharma and Tripati, 1983). Application of higher levels of K increased the 

concentration of K in soil solution in laterite soil as compared to alluvial and black
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soils (Bandyopadhyay and Goswami, 1988). Hudcova (1990) studying the influence 

of 21 years of inorganic fertilization on soil K dynamics revealed that K application 

increased K mobility, its migration to subsoil horizons and mobilization from soil 

reseryes.

At lower rates of K, application, applied K was completely fixed, wher­

eas at higher rate of application part of it was lost (Patiram and Prasad, 1983). 

Omission of N or P from the fertilizer schedule for mango ochards resulted in con­

siderable decrease in K intensity (Biswas et al., 1989).

Cassman et al. (1989) studied the cumulative effects of annual applica­

tion of |K on soil K balance. They reported that without K input, NH4  extractable 

K + inj surface soil decreased by 2 0  per cent within two years and this decrease 

greatly exceeded the K removal by cotton. Sharply (1990) observed that crop 

removal! and leaching of K was more than the rate of replenishment from non-ex- 

changeable sources. Fotyma et al. (1993) from a study on the interaction between 

soil K apd fertilizer K in long-term field experiments observed that residual effect of 

K applie(l annually for six years was evident at least for further six years.

Dalai and Mayer (1986) obtained significant correlation between total K 

and organic carbon content of a virgin soil. Improvement of organic carbon status of 

soil following long-term muriate of potash application was also reported by Anilku- 

mar (1987) and Srilatha and Saifuddin (1994).

2.3.4 Secondary nutrients (Ca, Mg and S) in soil

Exchangeable Ca and Mg showed a declining trend with increasing doses
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of N fertilizers in acid soils (Prasad et al., 1983). Schwab et al. (1989) noted a de­

cline in the exchangeable Ca and Mg in the upper 20 cm of the soils in the continu­

ously fertilized plots. Similar results were also obtained by Raju (1978) and Patiram 

arid Singh (1993). Sureshlal and Mathur (1992) concluded that 36 years of continu­

ous addition of N fertilizers depleted the status of exchangeable Ca and Mg in soil. 

Malhi et al. (1991) noticed that addition of N fertilizers led to decline in Ca up to 10 

cm and in Mg up to 15 cm depth. Anilkumar (1987) observed a two-fold increase in 

available S status of soil following 22 years of annual application of ammonium 

sulphate at the rate of 0.35 kg N year-1. Owuor et al. (1986) revealed that continued 

application of urea increased the acetate extractable S status of the soil under tea 

although urea does not add any S to soil directly.

Nemath et al. (1987) reported highest accumulation of S between 60 and 

200 cm depth in intensively fertilized plots with NPK over a period of 12 years. 

They also noticed an annual downward movement of S at the rate of 20-30 cm. 

Nguyen and Goh (1992) noticed a substantial accumulation of organic S in soil as a 

result of long-term annual application of S containing fertilizers. Continued applica- 

tiori of ammonium sulphate and/or superphosphate helped in the build-up of S re­

serves in soil (Joseph, 1993). Long-term application of superphosphate was reported 

to cause an increase in total Ca reserves of the soil as reported by Shinde and Ghosh 

(1964).

2.3.5 Micronutrients in soil

Sureshlal and Mathur (1989) studied the effect of continuous manuring 

and fertilization on the status of available micronutrients in soil. They noticed that 

addition of lime along with NPK increased the availability of micronutrients in the
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soil. Darusman et al. (1991) opined that N fertilization increased the availability of 

micronutrients especially that of Fe, Mn and Cu.

According to Iyengar et al. (1981) continued addition of superphosphate 

brings about deficiency of Zn due to precipitation as ZnPO^. Rao and Ghosh (1983) 

observed that addition of P fertilizer resulted in significant depletion in exchange­

able Zn in comparison with control and N alone treatments. According to Ghanem 

and Mikkelsen (1988), Zn sorption increases significantly as the P/Fe ratio is in­

creased, and, at all P/Fe ratios, Zn sorption increased as pH value increased and 

consequently reduced the availability of Zn to plants. Mandal and Mandal (1990) 

opined that application of P encouraged the transformation of both native and ap­

plied Zn to sesquioxide bound form. Addition of P fertilizers had little effect on the 

plant available fractions of Mn (Shuman, 1988).

Tripati et al. (1994) noticed no specific trend in the distribution of avail­

able Mn with depth. They attributed the increased quantity of micronutrients in the 

surface layer of soil to the regular turnover of plant nutrients.

Manikandan et al. (1987) reported significantly higher content of Zn in 

cocoa basin as a result of cocoa leaf fall.

2 .4  Impact o f irrigation, shade and age of the crop on soil chemical
characteristics

Reddy and Shastry (1983) reported that P moved up to 30 cm under high 

moisture levels, whereas K moved to soil under all irrigation levels with greater 

movement under higher levels of irrigation. Messiek (1982) after studying the effect 

of irrigation on different soil types concluded that the rate of movement of Ca and
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Mg is a function of clay content. He argued that as clay content increased, move­

ment of Ca and Mg decreased. Rechaigel et al. (1985) noticed a lower pH in irrigat­

ed soils. They also reported that movement of P and K to lower horizons in soil was 

greatly influenced by fertilizer application than irrigation. Irrigation with mineral 

water over a prolonged period resulted in re-distribution of exchangeable cations, 

particularly Ca (Khrustova and Chernaya, 1988). According to Swarup et al. (1994) 

most of the heavy metals (Zn, Pb and Cd) remained in the top 10 cm layer of soil 

and their movement through leaching water is negligible.

Shade trees add to the surface soil the nutrients they take up from lower 

horizons through leaf sheddings and thus maintain a high fertility status and favour­

able pH (Potti et al., 1978). Adams and Me Kelvie (1955) observed that on a typical 

shaded cocoa farm in West Africa, forest tree shade contributed some five tonnes of 

leaf litter ha' 1 year" 1 containing 79 kg N and 4.5 kg P. The average biomass of the 

litter layer for unshaded and shaded cocoa canopy were 9  and 11 t ha-1 year' 1 

respectively (Leite, 1987). Murray (1975) reported that shade trees with a deeper 

root system exploited minerals from deeper layers of soil and these will enter sur­

face layer through leaf fall. Purseglove (1969) revealed that when cocoa grown 

under favourable conditions without shade, spectacular response to N was obtained. 

Ahenkorah et al. (1974) observed that when cocoa grown under open conditions loss 

of mineralized N through volatilisation was more rapid.

Ca and Mg in soil were not influenced by changing shade levels accord­

ing to Ahenkorah et al. (1987).
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Ahenkorah et al. (1974) opined that for the first seven years of cultiva­

tion of cocoa, organic carbon fell from 2.08 to 1.46 per cent but C/N ratio re­

mained fairly constant. Mathew (1977) observed that comparative loss of K from a 

virgin soil where coffee was grown for 22 years without manuring came to 93 per 

cent.

2.5 Impact o f mineral fertilization, irrigation and shade on foliar nutri­
ent levels .

Khan et al. (1978) reported that 18 years of regular annual application of 

N fertilizers significantly raised foliar N levels in coconut. Witholding fertilizer 

application to coconut for one year lowered foliar N and K levels significantly but 

not P levels (Wahid et al., 1975). Salam and Sahu (1990) reported an increased 

uptake of N following long-term N fertilization. Leaf K content decreased with 

increased N application in tea (Owuor et al., 1987). Mohapatra and Bhat (1983) 

observed that P content of arecanut leaf was not affected by different P carriers. 

Thakur et al. (1983) observed an increased K level in mango leaves following long­

term K application. Khan et al. (1986) opined that continuous K fertilization raised 

the fc content of leaves to sufficiency levels in coconut. Anilkumar (1987) reported 

significant positive correlation between available K in the 0-25, 50-75 and 75-100 

cm depths and levels of K in the 6 th and 14th fronds of coconut. A study on K 

nutrition of cotton indicated that with high level of K input, apparent IC uptake effi­

ciency from applied K was increased to 50 per cent within two years (Cassman et 

al., 1989). Witholding K application reduced foliar K content to 0.9 per cent from

1.3 per cent in bearing apple trees (Issac, 1992). From a study on K nutrition of oil 

palm, Ollagnier et al. (1987) reported that critical level of K in oil palm would 

continue to rise if tree water supply is increased.
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Cocoa plants showed higher levels of nutrients in their leaves under 

heavy shade as compared with trees growing under less or no shade condition 

(Murray, 1967). Guers (1971) observed that cocoa leaves exposed to direct sunlight 

showed less N than shaded leaves.
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3. MATERIALS AND METHODS

Three studies were conducted making use of on-going field experiments 

with cocoa. These were aimed at examining the changes in soil chemical characteris­

tics due to long-term inorganic fertilization and due to irrigation and shade. 

Further, an attempt was made to evaluate the dynamics of soil fertility under cocoa 

as a function of time and also to assess the nutrition of cocoa as influenced by fertili- 

zalion, irrigation and shade.

3. j Experiment 1: Soil chemical characteristics and nutrition o f cocoa
, in relation to NPK fertilization

The effect of long-term NPK fertilization on chemical characteristics of 

cocoa rootzone as well as on foliar nutrient levels were studied making use of an 

on} going fertilizer trial at the Cadbury-KAU-Co-operative Cocoa Research Project, 

College of Horticulture, Vellanikkara. This field trial was an NPK factorial experi­

ment testing three levels each of the nutrients. The details of the experiment are as 
! V

follows.

Design : 3^

Total number of treatments : 27 (N, P and K each at three levels)

Number of replications : 3 '

Spacing ; 3 m x 3 m

Plĉ t size • : 27 m x 27 m

Variety : Forastero

Date of start of the : 5-7-1983
experiment
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Levels of nitrogen (g N palm' 1 year"1)

N0  : 0

N j : 100

N2 : 200

Levels of phosphorus (g P2 O5  tree" 1 year'1)

P0 : 0 '

Pi : 40

? 2  = 80

Levels of potassium (g K2Q tree-1 year"1)

* 0  : 0

K2 ; 140

K2 : 280

Nitrogen, P and K were applied through urea (46% N), superphosphate 

(18% P2 0 5) and muriate of potash (60% K2 0) respectively. Right from the start of 

the experiment, no organic matter source was included in the mammal schedule. 

The soil at the experimental site was laterite (Oxisol). The cocoa trees were nine 

years old when they were made use for the present study.

For the present study, only two levels of each nutrient namely, zero level 

and second level were considered. The treatment combinations were:

N0  P0  K 0

N0 P0 K2
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N0 P2 K0

N0  P2  K2  ■

n 2  p0  k 0  

n 2  p 0  k 2 

n 2 p2  K0

n 2  p2  k 2

3.2 Experiment 2: Soil chemical characteristics of cocoa rootzone in 
relation to irrigation and shade

The trees under an on-going experiment on the effect of irrigation and 

shade were used in this study. The area was initially under rubber. Cocoa was 

planted in 1979 after removing the rubber trees. Rubber trees were removed in such 

a way so as to give 75 per cent or 0 per cent (complete removal) shade level to 

cocoa plants. Cocoa was planted at a spacing of 3 m x 3 m. The plants were receiv­

ing 100 g N, 40 g P2 0 5 and 140 g K20  plant" 1 year" 1 (KAU, 1993) from the third 

year of planting onwards. One-third of the above dose was given in the first year of 

planting, ie. in 1979 and two-thirds in the second year of planting. The plants re­

ceived sprinkler irrigation from 1988 onwards. Irrigation was given at weekly inter­

vals. The trial was a 2^ factorial experiment with three replications. The treatments 

were factorial combinations of two levels of irrigation (irrigated, Ij and unirrigated, 

Iq) and shade (shaded, Sj and open, S q) , namely,

J0  s 0  

h  s 0

10  Sx -



The shade intensity was 75 per cent. Cocoa trees under this trial were 13 

years old when they were made use of for the present study. The irrigated plants 

were receiving irrigation for the last five years.

3.3 Experiment 3: Soil chemical characteristics of cocoa rhizosphere in
relation to age o f the stand

The changes in chemical characteristics of soil under cocoa was also 

studied as a function of time. For this purpose, trees coming under seven age groups 

namely, 1, 3, 4, 5, 6 , 9 and 12 years were selected. There were three replications 

(individual trees) for each age group. These plants were receiving uniform agrono­

mic management since planting. The fertilizer schedule (KAU, 1993) followed was 

as follows.

1st year 33.33 g N, 13.33 g P2 O5 and 46.66 g K2 O plant"1 year"*; 2nd year: 

6 6 .6 6  g N, 26.66 g P2 O5 and 93.32 g K2 O plant" 1 year" 1 and from 3rd year 

onwards 100 g N, 40 g P2 0 5  and 140 g K20  plant' 1 year-1.

3.4 Collection and processing of soil samples

Soil samples in the first and second experiments were collected from

three depths, 0-25, 25-50 and 50-75 cm at a lateral distance of 50 cm from the tree. 

Samples from each depth were collected from four points around a tree and pooled 

to give a sample for each depth for that tree.

In Experiment 1, 72 soil samples were collected from 24 experimental 

trees in three replications.
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In Experiment 2 on irrigation and shade, altogether 36 soil samples were 

collected from 12 experimental trees in three replications.

In Experiment 3 the method of sampling adopted was also similar to that 

used in experiments 1 and 2 with the difference of depth of sampling. From the 21 

experimental trees in three replications (coming under 7 age groups, namely 1, 3, 4, 

5, 6 , 9 and 12 years), soil samples were taken from 0-75 cm depth. These samples 

were used to examine the changes in chemical characteristics of the rootzone with 

time. Soil samples from adjacent bare land (uncropped and unfertilized) were also 

collected from 0-75 cm depth. In this case also, three replications were maintained. 

Soil samples were air-dried and sieved through 2 mm mesh prior to analysis.

3.5 Collection and processing o f leaf samples

Leaf samples were collected from all the trees under the fertilizer trial 

and' irrigation and shade trial. Recently matured leaf, (generally second from the tip) 

from branches on all sides of the upper canopy were collected. There were 81 leaf 

samples collected from 27 treatment combinations in three replications. In the irri­

gation and shade trial, leaf samples were collected from the same plants from which 

soil samples were taken. There were 12 leaf samples collected from four treatments 

in three replications.

Leaf samples were dried at 75 °C and stored in polythene bottles await­

ing chemical analysis.
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Table 1. Details of the analytical methods used in the study

Soil characteristic Extractant Method of estimation Reference
used

pH (H20 )  

Organic carbon 

Available P

Available K

Available Ca

Available Mg 

Available S

H20  Direct reading (pH meter) Jackson (1958)

Walkley - Black (Titrimetric) Jackson (1958)

Bray-1 Ascorbic acid blue colour Watanabe and
(Spectrophotometer) Obsan (1965)

N-NH^OAp Direct reading after dilution Jackson (1958)
(pH 7)

NaOAc
HOAp
(p h 4.5)

(Flamephotometer)

Direct reading after dilution 
using SrCl2 as releasing 
agent (Atomic absorption 
Spectrophoto meter)

Turbidimetric (Spectrophoto 
meter)

Jackson (1958) 
and Page (1982)

Jackson (1958) 
and Page (1982)

Hesse (1971)

Available Fe

Available Zn, Mn 
and Cu

Total P

Total K 

Total Ca

Total Mg

Total Zn, Mn 
and Cu

Total Fe

Totals

Double acid 
HC10.05 N  
+  H9SCb 
0.025 N

KSCN red colour (Spectro­
photometer)

Perkins (1970)

,, Direct reading (Atomic Page (1982)
absorption Spectrophotometer)

Nitric-per HNO3 - Vanadomolybdate Jackson (1958)
chloric (2:1) yellow colour method
digestion (Spectrophoto meter)

Nitric-per
chloric
digestion
with
K2Cr20 7

Direct reading after 
dilution (Flamephotometer)

Direct reading after dilution 
using SrCl2 as releasing 
agent (Atomic absorption 
Spectrophotometer)

Direct reading after dilution 
(Atomic absorption spectro­
photometer)

KSCN red colour 
(Spectrophotometer)

Turbidimetry

Jackson (1958)

Jackson (1958) 
and Page (1982)

Jackson (1958)

FAO (1988) and 
Jones etal. ,  
(1972)
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plots as different depths. Similarly ANOVA was done taking combinations of irriga­

tion and shade as main plot and various depths as sub plots. The changes in soil 

fertility with time (age) was evaluated by fitting the data using least squares method 

to suitable equations (Panse and Sukhatme, 1985).
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4. RESULTS

The results of studies conducted in relation to changes in soil chemical 

characteristics of the rootzone of cocoa consequent to long-term application of 

inorganic fertilizers, irrigation and shade and age of the stand are presented here.

4.1 Effects of long-term fertilization on soil available nutrients

General chemical characteristics of the soil of the experimental site are 

given in Table 2.

The data correspond to the unfertilized and uncropped area lying adjacent 

to the experimental field. The soil was-, in general, acidic, low in organic carbon, 

available P and K, exchangeable bases. The soil contained fairly good amounts of 

available S and micronutrients. The total contents of these elements were also high.

The data pertaining to the effects of long-term inorganic fertilization on 

soil characteristics are presented in Table 3.

4.1.1 Effects of urea application

* Regular application of urea for a period of nine years resulted in a drop 

in soil pH from 5.16 (N q plots) to 4.67 (N2 plots). Urea application significantly 

reduced available K, available Ca and available Mg in the soil. The effect was more 

pronounced in the case of available Ca which decreased from 547.0 to 342.4 ppm. 

Among the microhutrients the depressing effect of urea application was evident in 

the case of available Zn. Application of urea resulted in depletion of soil organic 

carbon also.
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Table 2. Chemical characteristics of the original soil (0-75 cm depth)

Characteristics

pH 5.10 .

Organic carbon 0.34

Available P 1.66

Available K 72.3

Available Ca 190.3

Available Mg 134.1

Available S ' 22.9

Available Fe 1 0 .68

Available Zn 1.87

Available Mn 56.97

Available Cu 2.93

Total P 457.7

Total K 1786

Total Ca 731 ’ ■

Total Mg 555

Total S 154.3

Total Zn 58

Total Mn 455.7

Total Cu . 32.88

Total Fe 3.80

Note: Organic carbon and total Fe are expressed as percentages, the others as ppm
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Table 3. Effect of NPK fertilizers on chemical characteristics of cocoa rootzone

Treat­
ment PH Organic

carbon
(*)

Avail­
able

P
(ppm)

Avail­
able
K

(ppm)

Avail­
able
Ca
(ppm)

Avail­
able
Mg
(ppm)

Avail­
able
S

(ppm)

Avail­
able
Fe
(PPm)

Avail­
able
Zn
(PPm)

Avail­
able
Hn
(PPm)

Avail­
able
Cu

(PPm)

-OR 5.16 0.56 21.74 264.8 547.0 287.7 68.58 13.81 36.38 52.08 4.26
+DR 4.67 0.49 28.48 226.5 342.4 242.0. 73.64 15.15 13.27 65.31 4.45
-SP 4.85 0.51 9.58 251.4 366.5 278.3 21.83 14.56 40.67 59.29 5.07
+SP 4.98 0.56 40.64 240.0 522.9 251.5 120.40 14.40 9.57 58.09 3.63
-HOP 4.85 0.51 28.29 152.4 473.5 263.3 86.36 14.48 23.88 63.14 4.82
+H0P 4.97 0.53 21.93 339.0 415.9 266.4 55.86 14.89 25.76 54.24 3.88

CD(0.05) 0.06 0.03 1.57 10.10 18.77 13.92 3.75 0.61 2.05 1.38 0.27
SEni ‘ 0.02 0.01 0.52 . 3.33 6.12 4.59 1.24 0.02 0.67 0.46 0.09
DR - Drea? SP - Superphosphate; HOP - Huriate of potash
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On the other hand urea application significantly improved the soil con­

centrations of available P, S, available Fe and available Mn. Available Mn content 

of soil increased from 52.08 to 65.31 ppm.

4.1.2 Effects of superphosphate application

Application of superphosphate helped to build-up the organic matter 

status of the soil. Substantial build- up of available P was noticed in superphosphate 

receiving plots. Available P increased from 9.58 ppm in P q plots to 40.64 ppm in

plots. Available Ca and available S status of the soil were also improved follow­

ing super- phosphate application. Available Ca increased from 366.5 to 522.9 ppm 

and available S increased from 21.83 to 120.40 ppm in the soil. Soil pH increased 

from 4.85 to 4.98 in these plots. On the contrary, available K, Mg, Zn and Cu were 

found to decrease in plots receiving superphosphate.

4.1.3 Effects of muriate of potash application

Application of muriate of potash led to considerable build-up of available 

K in the soil. It increased from 152.4 ppm in Kq plots to 339.0 ppm in plots.

Muriate of potash had a negative impact on the status of available P, Ca, 

S, Mn and Cu. Available Ca decreased from 473.5 to 415.9 ppm and available S 

from 86.36 to 55.86 ppm as the level of application was raised from Kq to K2 .

4.1.4 Fertilizer interactions in soil

The effects of application of urea in combination with superphosphate 

were significant in the case of soil pH (Table 4), available P (Table 5), available Ca



(Table 6), available S (Table 7) and available Mn (Table 8). Soil pH increased from 

4.5? in plots receiving only urea to 4.81 in plots receiving both urea and super­

phosphate. Available P content increased from 11.33 ppm in plots treated with urea 

to 45.62 ppm in plots treated with both urea and superphosphate. Similarly available 

S content increased from 19.61 ppm in plots receiving only urea to 127.66 ppm in 

plots receiving both urea and superphosphate. On the other hand, available Mn 

content decreased from 75.56 ppm in plots receiving only urea to 55.06 ppm in plots 

receiving a combined application of urea and superphosphate. Available Ca content 

of plots receiving only superphosphate reduced from 657.7 to 388.1 ppm in plots 

receiving both superphosphate and urea.

The combined application of urea and muriate of potash influenced the 

available K (Table 9), Ca (Table 10) and Mn (Table 11) contents of the soil. Avail­

able! K content decreased from 373.9 ppm in plots receiving only muriate of potash 

to 304.0 ppm in plots receiving both muriate of potash and urea. Available Ca 

content decreased from 356.4 ppm in plots receiving only urea to 328.4 ppm in plots 

receiving both urea and muriate of potash. Available Mn content decreased from 

70.?8 ppm in plots receiving urea to 59.85 ppm in plots receiving both urea and 

muriate of potash.

Application of superphosphate along with muriate of potash influenced 

available K (Table 12) and S (Table 13) contents of soil. Available K content in­

creased from 165.4 ppm in plots receiving only superphosphate to 314.7 ppm in 

plots receiving both superphosphate and muriate of potash. On the other hand, avail­

able jS content decreased from 149.66 ppm in plots receiving only superphosphate to 

91.11 ppm in plots receiving both superphosphate and muriate of potash.
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Table 4. Effect of urea x superphosphate interaction on soil pH

Urea
CUR')

Superphosphate (SP)
WAV

-SP +SP

-UR 5.18 5.14

+UR 4.52 4.81

CD (0.05) 0.09

SEm+ 0.03

Table 5. Effect of urea x superphosphate interaction on soil available P (ppm)
i N
Urea
(UR)

Superphosphate (SP)

-SP '  +SP

-UR 7.82 35.65

+UR 11.33 45.62

CD (0.05) 2 .2 1

SEm+ 0.73
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Table 6. Effect of urea x superphosphate interaction on soil available Ca (ppm)

Urea Superphosphate (SP)
(UR) --------------------------------------------

. -SP +SP

-UR 436.4 657.7

+ UR 296.7 388.1

CD (0.05) 26.53

SEm± 8.75

Table 7. Effect of urea x superphosphate interaction on soil available S (ppm)

Urea
(UR)

Superphosphate (SP)

-SP +SP

-UR , 24.05 ' 113.11

+UR 19.61 127.66

CD (0.05) 5.30

SEm± 1.75
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Table 8 . Effect of urea x superphosphate interaction on soil available Mn (ppm)

Urea
(UR)

Superphosphate (SP)

-SP +SP

-UR 43.02 61.00

+UR 75.56 55.06

CD (0.05) 1.95

SEm± 0.64
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Table 9. Effect of urea x muriate of potash interaction on soil available K (ppm)

Urea
(UR)

Muriate of potash (MOP) 

-MOP +MOP

-UR 155.7 373.9

+UR 149.1 304.0

CD (0.05) 14.30

SEm± 4.72

Table 10. Effect of urea x muriate of potash interaction on soil available Ca (ppm)

Urea
(UR)

Muriate of potash (MOP) 

-MOP +MOP

-UR 590.7 503.4

+UR 356.4 328.4

CD (0.05) 26.53

SEm± 8.75
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Table 11. Effect of urea x muriate of potash interaction on soil available Mn (ppm)
I

Urea
(UR)

Muriate of potash (MOP)

-MOP + MOP

-UR 55.51 48.64

+UR 70.78 59.85

CD (0.05) 1.95

SEm+ 0.64
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4.2 Effects o f long-term fertilization on soil nutrient reserves

Data pertaining to the effects of long-term inorganic fertilization on soil 

nutrient reserves are presented in Table 14.

Application of urea helped in the build-up of P reserves in soil.

Long-term superphosphate application resulted in build-up of P reserves 

in spil. Calcium, Mg and S reserves of the soil also showed significant improve­

ment following long-term superphosphate application, while, potassium reserve of 

the soil suffered depletion from 2220 ppm in Pq plots to 2021 ppm in P2  plots.

Muriate of potash application led to substantial build-up of K reserves in 

the soil, the increase being from 1896 ppm in K q  plots to 2346 ppm in K2  plots. It 

also .increased soil S reserves. But it depleted the soil reserves of Ca and Mg. Total 

Ca content decreased from 1557 to 1428 ppm, Mg from 1060 to 1006 ppm, when 

the level of application was increased from K q  to K2 . NPK fertilization also in­

fluenced the micronutrient reserves of the soil. Long-term urea application reduced 

Mn reserves in the soil. Long-term superphosphate application had a depressing 

effect on Mn and Cu reserves of the soil, total Mn decreased from 646.3 ppm in Pq 

plots to 615.8 ppm in P2  plots. Similarly total Cu decreased from 44.58 to 39.81 

ppm as the level of application was increased from Pq to P2 . Application of either 

urea or superphosphate caused a perceptible decline in total Zn content of the soil. 

Urea, superphosphate and muriate of potash increased the total Fe content of the 

soil. Long-term Muriate of potash application helped to build Mn reserves in soil.
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Table 12. Effect of superphosphate x muriate of potash interaction on soil available "
K (ppm)

Superphosphate
(SP)

Muriate of potash (MOP)

-MOP -t-MOP

-SP 139.5 363.2

+SP 165.4 314.7

CD (0.05) 14.30

SEm± 4.72

Table 13. Effect of superphosphate x 
S (ppm)

muriate of potash interaction on soil available

Superphosphate
(SP) -

Muriate of potash (MOP) 

-MOP +MOP

-SP 23.06 20.61

+SP 149.66 91.11

CD (0.05) 

SEm±

5.30

1.75



36

Table 14. Effect of NPK fertilizers on nutrient reserves of cocoa rootzone

Treat­
ment

Total
P

(ppm)

Total
K

(ppm)

Total
Ca

(ppm)

Total
Mg

(ppm)

Total
S

(ppm)

Total
Fe
(%)

Total
Zn

(ppm)

Total
Mn

(ppm)

Total
Cu

(ppm)
1

JUR 671.5 2099 1508 1023 277.7 3.77 183.1 643.8 41.28
+UR 745.6 2143 1476 1044 274.8 4.00 140.5 618.2 43.11
^SP 680.3 2 2 2 0 1267 833 209.6 3.70 180.3 646,3 44.58

+SPl1
736.8 2021 1718 1233 342.9 4.07 143.2 615.8 39.81

-^10P 724.9 1896 1557 1060 272.8 3.64 163.4 616.5 40.78
+MOP

J
692.1 2346 1428 1006 279.7 4.13 160.2 645.5 43.61

CD (0.05) 27.73 85.39 40.01 28.33 4.09 0.06 8.49 5.96 2.84
SEjm± 9.14 18.16 13.19 9.35 1.35 0 .0 2 2.79 1.96 0.76

UR " Urea; SP - Superphosphate; MOP - Muriate of potash
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Superphosphate x muriate of potash interaction was significant in the 

case of soil reserves of P (Table 15), K (Table 16) and S (Table 17). Phosphorus 

reserves decreased from 776.7 ppm in plots receiving only superphosphate to 697.0 

ppm in plots receiving both superphosphate and muriate of potash.

i Total K increased from 1925 ppm in plots receiving superphosphate to

2118 ppm in plots receiving both superphosphate and muriate of potash.

Sulphur reserves of the soil increased from 332.9 ppm in superphosphate 

treated plots to 353.5 ppm in plots receiving both superphosphate and muriate of 

potash.

4.3 Urea x depth interaction

Urea x depth interaction was significant in respect of pH, available S, 

Fe, Mn and Cu and total S and Fe (Table 18).

Urea application reduced soil pH. The effect was more pronounced in 

the 50-75 cm layer of soil. Urea application increased available S status of soil in the 

lower soil layers. (25-50 and 50-75 cm layers of soil). Following long-term urea 

application available Mn and available Fe contents of soil increased up to 50 cm soil 

depth, whereas in the case of total Fe the effect was significant up to the lowest 

depth sampled (ie. 75 cm). The increase in the case of available Cu and total S were 

significant in the 0-25 cm soil layer only.

4.3.1 Superphosphate x depth interactions

The data pertaining to these effects are presented in Table 19.
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Table 15. Effect of superphosphate x muriate of potash interaction on total P (ppm)

Superphosphate
(SP)

Muriate of potash (MOP)

-M OP +MOP
-SP 673.2 687.3

+SP 776.7 697.0

CD (0.05) 45.60

SEm± 15.83

Table 16. Effect of superphosphate x muriate of potash interaction on total K (ppm)

Superphosphate
(SP)

Muriate of potash (MOP) ■ 

-MOP +MOP

-SP 1868 2573
Tt-SP 1925 2118

CD (0.05) 120.79
SEm± 39.82
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i •
Table 17. Effect of superphosphate x muriate of potash interaction on total S (ppm)

Superphosphate
(SPj

1
1

Muriate of potash (ppm)

-MOP +MOP

-SP 213.3 205.9

+SP
1

332.9 353.5

CD (0.05) 5.76

SEm+ 1.90
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Table 18. Chemical characteristics of different soil layers as influenced by long-term 
1 urea application

pH Available Available Available Available Total Total
Depth S Pe Cu Mn S ■ Fe
M  (ppn) (ppm) (ppm) (ppm) (ppm) (I)

-OR +0R -UR +0R -UR +UR -UR +UR -UR +UR -UR +UR -UR +UR

0-25 5.28 4.88 54.75 50.08 9.03 11.51 5.73 6.58 64.10 89.51 190.6 213.9 3.22 3.36
25-50 5.14 4.68 63.83 73.83 13.81 15.62 3.98 4.26 52.86 71.34 264.7 271.3 3.68 4.06
50-75 5.05 4.44 87.16 97.00 18.59 18.32 3.06 2.50 39.25 35.09 377.9 339.2 4.41 4.57

CD
(0.05)

0.09 6.17 1.00 0.46 2.28 6.71 0.12

S M  ■ 0.03 2.14 0.35 0.16 0.79 ’ 2.33 0.04
UR - Urea



Table 19. Chemical characteristics of different soil layers as influenced by long-term
superphosphate application

Depth
(cm)

pH Available
P

(ppm)

Available
K

(ppm)

Available . 
S

(ppm)

Available
Cu

(ppm)

Total P • 
(ppm)

Total Ca 
(ppm)

Total S 
(ppm)

Total Zn 
(ppm)

-SP +SP -SP +SP -SP +SP -SP +SP -SP +SP -SP +SP -SP +SP -SP +SP -SP +SP
0-25 5.00 5.16 7.44 81.52 316.7 274.5 13.50 91.33 7.05 5.26 594.1 885.0 1451 2091 150.2 254.3 149.7 128.1

25-50 4.82 5.00 10.27 29.40 241.5 235.3 20.16 117.50 4.95 3.29 749.8 725.7 1260 1662 190.0 345.9 183.1 147.0
50-75 4.74 4.76 11.02 11.00 195.9 210.2 31.83 152.33 3.22 2.35 696.9 599.8 1089 1400 288.5 428.6 208.3 154.6

CD
(0.05)

0.09 • 2.48 16.63 6.17 0.46 65.79 46.64 6.71 13.97

SEm± 0.03 0.90 5.77 2.14 0.16 22.84 16.19 2.33 4.85

SP - Superphosphate
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Effect of superphosphate in reducing soil acidity was significant up to 50 

cm depth. Available K and Cu contents also decreased with depth as a result of long­

term superphosphate application.

Superphosphate application considerably improved available P as well as 

P reserves of soil. In the case of total P the increase was significant in the 0-25 cm 

layer whereas available P increased up to 50 cm depth. Available S and S reserves 

of the soil increased up to 75 cm depth. Calcium reserves of the soil also showed' 

conspicuous enrichment due to long-term superphosphate application. A reverse 

trend was noticed in the case of Zn reserves of the soil. The reduction in total Zn 

content was evident up to the lowest depth sampled ie. up to 75 cm.

4.3.2 Muriate of potash x depth interactions

Long-term application of muriate of potash reduced available P, S, Cu 

Ca contents of soil with depth (Table 20).

Effect o f irrigation and shade on soil chemical characteristics 

Effects of irrigation

Effects of irrigation on soil chemical characteristics and nutrient reserves 

are presented in Tables 21 and 22 respectively.

Irrigation significantly reduced the amounts of available P from 11.25 

ppm in unirrigated plots to 8.89 ppm in irrigated plots; available Ca from 234.0 to

156.1 ppm; available Mn from 118.64 to 76.98 ppm and available Cu from 4.76 

to 3.91 ppm. On the other hand, available K, Zn and S contents of the soil were 

higher under irrigated condition.

and total

4.4

4.4.1
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Table 20. Chemical characteristics of different soil layers as influenced by long-term 
muriate of potash application

Depth Available P Available S Available Cu Total Ca
(cm) (ppm) (ppm) (ppm) (ppm)

-MOP +MOP -MOP +MOP -MOP +MOP -MOP +MOP

0-25 47.61 41.35 68.16 36.66 6.73 5.58 1892 1650

25-50 25.63 14.03 89.25 48.42 4.78 3.46 1471 1450

50-75 11.62 10.39 101.66 82.50 2.96 2.60 1307 1183

CD 2.59 6.17 0.46 65.79
(0.05)

SEm+ 0.90 2.14 0.16 22.84

MOP - Muriate of potash
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Table 21. Effect of irrigation and shade on chemical characteristics of cocoa rootzone

Treat­
ment

pH Organic
carbon
(4)

Avail­
able
P

(ppn)

Avail­
able
K

(ppn)

Avail­
able
Ca

(ppn)

Avail­
able
Hg

(ppn)

Avail­
able
S

(ppn)

Avail­
able
Fe

(ppn)

Avail­
able
Zn

(ppn)

Avail­
able
Hn

(ppn)

Avail­
able
Cu

(ppn)

-I 4.GO 0.674 11.25 281.5 234.0 140.2 81.56 11.20 6.47 118.64 4.76
+1 4.59 0.654 8.89 310.2 156.1 114.0 100.83 12.25 7.42 76.98 3.91
-S 4.60 0.607 8.67 329.9 201.8 127.2 95.78 10.90 7.62 96.96 4.35
+S 4.57 0.721 11.47 261.8 188.3 127.2 86.61 12.54 6.27 98.67 4.32

CD
(0.05)

NS 0.10 1.59 15.78 44.66 NS 6.56 1.44 0.68 9.59 0.69

SEm± 0.07 0.03 0.46 4.56 12.91 7.89 1.89 0.42 0.23 2.77 0.20
I - Irrigation, S - Shade, NS- Not significant
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Table 22. Effect of irrigation and shade on nutrient reserves of cocoa rootzone

Treat­
ment

Total
P

(ppm)

Total
K

(ppm)

Total
Ca

(ppm)

Total
Mg

(ppm)

Total
S

(ppm)

Total
Zn

(ppm)

Total
Mn

(ppm)

Total
Cu

(ppm)

Total
Fe
(%)

-I 462.6 2645 1320 837.9 273.5 74.67 6 8 6 .2 41.78 4.09

+ 1 404.2 2618 1439 844.0 291.2 71.61 633.2 45.44 4.08

-S 400.2 2776 959 883.7 274.1 69.17 568.1 43.50 3.75

+ S 466.5 2487 1800 798.1 290.6 77.11 751.4 43.72 4.42

CD(0.05) 14.57 263.94 59.45 23.91 2 .6 6 3.65 1 1 .68 NS 0.17

SEm± 4.21 76.27 17.18 6.91 0.77 1.05 3.38 1.39 0.05

I - Irrigation, S - Shade, NS - Not significant
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Soil reserves of P and Mn showed considerable reduction under irrigated 

condition. Total P decreased from 462.6 to 404.2 ppm and total Mn, from 686.2 to

633.2 ppm when the plots were irrigated. On the other hand soil reserves of Ca and 

S tended to increase with irrigation.

4.4.2 Irrigation x depth interactions

Irrigation x depth interactions were significant in respect of available P, 

K, Ca, S and Mn, Total P, S and Mn. The data are presented in Tables 23 and 24. 

Available P content of the 0-25 cm layer of soil decreased from 21.47 ppm in plots 

receiving no irrigation to 15.28 ppm in irrigated plots. Available Ca and Mn cont­

ents of all the three soil layers (0-25, 25-50 and 50-75 cm) showed significant reduc­

tion due to irrigation. On the other hand the available K content of the 0-25 and 25­

50 cm soil layers and available S content of 25-50 cm and 50-75 cm soil layers 

showed conspicuous enrichment with irrigation. Soil reserves of P and Mn showed 

reduction under irrigation. In the case of total P, the effect was evident throughout 

the rootzone profile (ie. up to 75 cm). The depletion in total Mn was pronounced in 

the lower soil layers (25-50 and 50-75 cm). Total S content of 25-50 and 50-75 cm 

soil layers showed conspicuous enrichment with irrigation.

4.4.3 Effect of shade

The data relating to the effects of shade on available nutrients and total 

nutrient contents are given in Tables 21 and 22 respectively.
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Table 23. Chemical characteristics of different soil layers as influenced by irrigation (I)

Depth
(cm)

Available
P

(ppm)

Available
K

(ppm)

Available
Ca

(ppm)

Available
S

(ppm)

Available
Mn

(ppm)

-I + 1 -I + 1 -I + 1 -I + 1 -I + 1

0-25 . 21.47 15.28 308.1 353.3 275.9 160.0 51.00 59.33 108.9 87.86

25-50 7.51 6.96 275.4 319.8 187.8 146.7 87.00 115.67 119.0 79.06

50-75 4.78 4.44 261.1 257.4 238.3 161.7 106.67 127.50 128.0 64.02

CD(0.05) 2.82 28.12 32.04 8.41 5.24

SEm± 0.94 9.38 10.69 2.87 1.75
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Table 24. Irrigation x depth interaction on total nutrient content (ppm)

Depth
(cm)

Total P (ppm) Total S (ppm) Total Mn (ppm)

-I + 1 -I + 1 -I + 1

0-25 561.9 497.8 205.9 201.5 712.3 728.0

25-50 437.6 389.8 288.0 308.7 704.0 632.0

50-75 388.9 325.0 326.7 363.5 642.0 538.0

CD (0.05) 20.62 9.41 14.93

SEm+ 6 .8 8 3.14 4.98



Organic carbon, available P, K, S, Fe and Zn contents of soil were 

significantly influenced by shade. While organic carbon, available P and Fe record­

ed higher values under shaded condition, available K, S and Zn were higher under 

open condition. .

Total P, Ca, S, Fe, Zn and Mn were found to increase under shaded 

condition. On the contrary, total K, recorded higher values under open condition. 

Mg reserves of the soil also showed higher values under open condition.

4.4.4 Shade x depth interactions

Shade x depth interactions were significant in respect of available P, Fe, 

Total P and Total Fe (Table 25).

Available P content of the surface 0-25 cm soil layer was significantly 

affected by shade. Available P content of shaded plot was 21.66 ppm, while in the 

open plots available P recorded a value of 15.09 ppm. But the effect was not signifi­

cant in the lower layers. On the other hand total P content of the 0-75 cm soil layer 

was significantly influenced by shade. In all the three depths (ie. 0-25, 25-50 and 

50-75 cm) total P recorded higher values under shaded conditions.

Available Fe and total Fe also recorded higher values under shaded 

conditions. Available Fe content of the 25-50 cm soil layer decreased from 14.59 to 

10.66 ppm, from shaded to open plots. But this effect was not significant in the 0-25 

and 50-75 cm soil layers. But total Fe, increased throughout the depth (ie. 0-75 cm) 

under shaded conditions compared to open conditions.
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Table 25. Chemical characteristics of different soil layers as influenced by shade (S)

Depth

Available P 
(ppm)

Available Fe 
(ppm)

Total P 
(ppm)

Total Fe 
(%)

(cm) -S +S -S +S -S + s -S +S

0-25 15.09 21.66 7.48 7.38 470.1 589.6 3.04 4.04

25-50 6.99 7.47 10.66 14.59 388.7 438.7 3.95 4.41

50.75 3.93 5.29 14.55 15.65 341.9 371.3 4.23 4.81

CD 2.82 1.56 20.62 0.15
(0.05)

SEm± 0.94 0.52 6 .8 8 0.05
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4.4.5 Irrigation x shade interaction

Irrigation x shade interaction was significant in the case of available P 

(Table 26). Highest concentration of available P (13.90 ppm) was noticed in shaded 

plots! receiving no irrigation.

4.5 Effect of NPK fertilizer application on foliar nutrient levels of  
cocoa

The data pertaining to these effects are presented in Table 27.

Application of urea increased foliar nitrogen content. Highest concentra­

tion (2.22%) was observed at N j level of application. Nitrogen application raised 

the leaf concentrations of Fe, Mn and Cu. For Fe and Cu highest concentrations 

(343j6  ppm and 19.40 ppm respectively) were observed at Nj level of application. 

Foliar Mn concentration was highest (92.44 ppm) at N2  level of application. At 

higher levels of urea application foliar K content decreased (From 1.97% at Nq to 

1.75% at N2  level).

Long-term application of superphosphate did not increase foliar P con­

centration significantly. But superphosphate application showed a depressing effect 

on foliar Zn content. Zinc content of leaf was reduced from 121.2 ppm at Pq level 

to 98.6 ppm at P2  level.

Application of muriate of potash increased foliar K content. Highest 

concentration (2.20%) was noticed at Kj level of application. Long-term application
I

of muriate of potash reduced foliar Mg content.
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Table 26. Effect of irrigation x shade interaction on soil available P (ppm)

Irrigation
(I)

-S

Shade (S)

+ S

-I 8.60 13.90

+ 1 8.73 9.05

CD (0.05) 2.28

SEm+ . 0 .6 6
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Table 27. Effect of NPK fertilizer application on foliar nutrient levels of cocoa

Treat­
ment

N
(%)

P
(%)

K
(* )

Ca
(96)

Mg
(%)

S
(* )

Fe Zn Mn Cu 
(ppm) (ppm) (ppm) (ppm)

N 0 1.76 0.145 1.97 0.82 0.63 0.256 240.1 112.5 73.92 15.59
Ni 2 .2 2 0.130 1.87 0.78 0.61 0.299 343.6 121.4 84.26 19.40
n 2 1.99 0.126 1.75 0.83 0.62 0.195 288.8 8 8 .8 92.44 19.07

P 0 2.09 0.126 1.78 0.82 0.60 0.255 292.0 1 2 1 .2 77.92 18.88

p l 1.89 0.132 1.99 0.79 0.64 0.241 294.1 102.9 82.03 18.59

p 2 1.99 0.144 1.82 0.83 0.60 0.254 285.9 98.6 90.66 16.59

K 0 1 .8 8 0.137 1.46 0.81 0.64 0.251 276.4 1 1 0 .2 86.59 18.00

K 1 2.31 0.128 2 .2 0 0.80 0.58 0.264 321.4 113.1 72.55 18.77

k 2 1.78 0.136 1.93 0.79 0.63 0.234 274.2 99.5 91.48 17.29

CD(0.05) 0.08 NS 0.13 NS 0.03 NS 43.86 5.30 5.04 1.59
SEm± 0.03 0.007 0.05 0 .0 2 0 .0 1 0.019 16.49 1.99 1.89 0.59
NS - Not significant
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Higher level of N or K depressed leaf Zn content of cocoa. Zinc concen­

tration decreased from 121.4 ppm at Nj level to 8 8 .8  ppm at N2  level. Similarly 

when the rate of application of K was raised from Kj to K2 , Zn content of leaf 

declined from 113.1 to 99.5 ppm. Similarly superphosphate at higher levels of 

application reduced the foliar Cu content significantly.

Leaf N content was found to be significantly affected by N x K interac­

tion. Highest concentration of N (2.78%) was noticed at N jK j level of application 

(Table 28). N x K interaction significantly influenced foliar K content also. Nj Kj 

combination recorded highest K content (2.62%) in the leaf (Table 29).

N x P interaction influenced the foliar Zn content significantly (Table 

30). Highest concentration (142.11 ppm) was noticed at NqPq level and the lowest 

(80.11 ppm) at N2 P2  level.

4.6 Effect o f irrigation and shade on foliar nutrition of cocoa

The data pertaining to these effects are given in Table 31.

Irrigated conditions resulted in increased foliar concentrations of N, P, 

K, S, Fe, Zn, Mn and Cu. Foliar nitrogen content increased from 1.74 to 2.03 per 

cent, P from 0.173 to 0.232 per cent, K from 2.20 to 2.81 per cent, S from 0.100 to 

0.162 per cent, Fe from 166.0 to 205.3 ppm, Zn from 74.50 to 84.25 ppm Mn from 

50.08 to 60.42 ppm and Cu from 17.33 to 31.42 ppm, when the plots were irrigat­

ed. The only nutrient whose foliar concentration reduced with irrigation was Ca 

while Mg level remained unaffected.
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Table 28. Effect of N x K fertilizer interaction on N content of cocoa leaf (%)

K0 Kl k 2

No ' 1.67 1.84 1.78

Nj 2.12 2.78 1.75

n 2 1.86 2.31 1.82

CD (0.05) 0.06

SEm± 0.02

Table 29. Effect of N x K fertilizer interaction on K content of cocoa leaf (%)

Kl . K2

N0 1.54 2.32 2.06

Ni 1.46 2.62 1.54

n 2 1.40 1.64 2.21

CD (0.05) 0.08

SEm± 0.03
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Table 30. Effect of N x P fertilizer interaction on Zn content of cocoa leaf (ppm)

p 0 p l p 2

No 142.11 96.78 98.78

Nj 126.00 121.44 117.00

n 2 95.66 90.66 80.11

CD (0.05) 3.46

SEm+ 1.30
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Table 31. Effect of irrigation and shade on foliar nutrient levels of cocoa

Treat­
ment

N
(%)

P
(%)

K
(%)

Ca
(%)

Mg
(%)

S
(%)

Fe
(ppm)

Zn
(ppm)

Mn
(ppm)

Cu
(ppm)

-I 1.74 0.173 2 .2 0 0.775 0.458 0 .1 0 0 166.0 74.50 50.08 17.33

+ 1 2.03 0.232 2.81 0.685 0.452 0.162 205.3 84.25 60.42 31.42

-S 1.70 0.193 2.60 0.758 0.425 0.125 170.0 80.50 34.75 23.50

+ s 2.07 0 .2 1 2 2.40 0.702 0.485 0.137 201.3 78.25 75.75 25.25

CD(0.05) 0 .1 0 0 .0 1 2 0.18 0.073 0.039 0.027 29.62 3.01 1 .2 2 1.18

SEm± 0.03 0.004 0.06 0.025 0.013 0.009 9.83 1 .0 0 0.41 0.39

I - Irrigation; S - Shade
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Effect of shade was significant in the case of N, P, K, Mg, Fe, Mn and 

Cu, of these, foliar K recorded higher values under open condition. Concentrations 

of the other nutrients were higher under shaded condition.

Significant irrigation x shade interaction was observed in the case of 

foliar N (Table 32). Highest concentration of N was recorded under irrigated and 

shaded conditions (2.29%) and the lowest under unirrigated, open conditions 

(1.64%).

4.7 Effect o f age on soil chemical characteristics

Barring soil pH and available Mn, all the soil parameters showed some 

definite trends over the years. Soil fertility parameters like organic carbon, available 

and total P, available and total Ca, available Zn, total S and total Cu showed an 

increase during the initial years which levelled off or decreased later. The dynamics 

of these soil parameters (y) could be described by a quadratic model of the form y = 

a 0  ±  bjx ±  b2X2 where x is the age of the trees in years. The quadratic model 

explained 64.6 to 99.8 per cent variability (Figs. 7 to 14). The lowest predictability 

was observed for organic carbon while the highest predictability for available Zn. In 

the case of available Zn the predictability was close to 100 per cent when the 1st 

year available Zn content was treated as an outlier to the fitted curve (Fig. 12).

A linear equation of the form y  =  a + bx where y is the soil parame­

ter and x is the age of the tree in years is found to fit best for the plots of available 

and total K, available and total Mg, available Cu and total Zn against time. The R2 

values for these linear models ranged from 0.789 (for total Mg) to 0.942 (for total 

K).
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Table 32. Effect of irrigation x shade interaction on N content of cocoa leaf (%)

Irrigation
(I)

Shade (S)

-S +S

-I 1.64 1.84

+ 1 1.76 2.29

CD (0.05) 0.15

SEm± 0.05
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The dynamics of soil available Mn with time showed a totally different 

pattern compared to that of others already mentioned. In this case there was a steady
I

increase for about nine years followed by a sharp decline. The overall pattern could 

be described by a fourth degree equation with a predictability of 99.8 per cent (Fig. 

15)!

The changes in soil pH with time did not follow any particular pattern. 

Soil pH decreased initially followed by a marginal increase and a sharp decrease by 

12th year of planting the cocoa trees (Fig. 16).



Avail. K (ppm)

2 4 0  •

iso -

1 4 0  -

9 0  -

4 0  • 
0

Y * 7 0 .9 0  + 10.63X

-------------------------------------------------------- - ----------------------------i---------------------------- 1_______________

4  6 8  10 '  12 
Age in years

Fig.l. Dynamics of K availability in the rootzone of cocoa in relation to age



4 0 0 0

3 6 0 0

3 0 0 0

2 5 0 0

2000

1 5 0 0

Total K (ppm)

Y ■ 1677.8 + 144.5X

4 6 8 10
Age in years

Fig. 2. Changes in K reserves of cocoa rootzone in relation to



Avail. Mg (ppm)

Age in years
Fig. 3. Dynamics of Mg availability in the rootzone of cocoa in relation to age



1 4 0 0

1200

1000

800

6 0 0

Total Mg (ppm)

Age in years
Fig. 4. Changes in Mg reserves of cocoa rootzone in relation to age



Avail. Cu (ppm)

Age in years
Fig,5. Dynamics of Cu availability in the rootzone of cocoa in relation to age



Total Zn (ppm)

Age in years
Fig.6. Changes in Zn reserves of cocoa rootzone in relation to age



Organic C (%)

Age in years
Fig. 7. Changes in Organic C content of cocoa rootzone in relation to age



Avail. P (ppm)

13

1 1

7h

0 6 8 
Age in years

10 1 2 14

Fig. 8. Changes in P availability in the rootzone of cocoa in relation to age



Total P (ppm)

Age in years
Fig.9. Changes in P reserves of cocoa rootzone in relation to age



Avail. Ca (ppm)

Age in years
Fig. 10. Dynamics of Ca availability in the rootzone of cocoa in relation to age



1 6 0 0
Total Ca (ppm)

1 4 0 0

120c

1000

8 0 0

*

_I_

124 6 8 10
Age in years

Fig. 11. Changes in Ca reserves of cocoa rootzone in relation to age

14'



Avail. Zn (ppm)

Age in years
Fig. 12. Dynamics of Zn availability in the rootzone of cocoa in relation to age



Total S (ppm)

Age in years

Fig. 13. Changes in S reserves of cocoa rootzone in relation to age



Total Cu (ppm)
. 5 0 ----------------------------

w_s

4 5

4 0  -

3 5

3 0  L

*

25  -

20
4 6 8 10

Age in years
Fig. 14. Changes in Cu reserves of cocoa rootzone in relation to age

12 14



Avail. Mn (ppm)

Age in years
Fig. 15. Dynamics of Mn availability in the rootzone of cocoa in relation to age



4.9

4.8 

4.7 

4.6 

4.5

0 2 4 6 8 10 12

Age in years
Fig. 16. Changes in soil pH of cocoa rootzone in relation to age

PH

-i



61

5. DISCUSSION

The results generated from the studies on nutrient dynamics in cocoa 

rootzone following regular application of urea, superphosphate and muriate of potash 

over a period of nine years as well as those obtained from the studies on irrigation, 

shade and age are discussed here. In addition to the soil characteristics the impact of 

their influence on foliar nutrient levels is also assessed.

5.1 Effects o f long-term fertilization on soil health

In the experiments reported here a depth of 0-75 cm was considered as 

the effective rootzone of cocoa. This was based on the results of the study conducted 

by Wahid et al. (1989) who found that root activity of cocoa decreased sharply 

beyond 60 cm. Nevertheless a depth of 75 cm was considered in this study to ac­

count for the variability and for better accomodation of most of the vertical roots.

The influence of urea, superphosphate and muriate of potash on soil 

nutrient reserves and nutrient availability was quantitatively and qualitatively differ­

ent (Tables 3 and 14). An increase in proton activity and a decrease in soil organic 

matter, available K, Ca, Mg and Zn were very much evident in plots receiving urea 

(Table 3). A perusal of the data on nutrient reserves in the soil indicated depletion of 

Zn and Mn and build-up of P and Fe (Table 14). The decline in available K and Zn 

and bases like Ca and Mg may be attributed to the exchange reactions in the soil 

between their ions and H ions generated during nitrification of ammonium, product
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of urea hydrolysis. Depletion of available cations in soil due to long-term application 

of nitrogenous fertilizers has been reported by earlier workers (Negi et al., 1981; 

Patra and Khora, 1983; Prasad et al., 1983). It is however noteworthy that in the 

case of Zn there was a depletion in the soil reserve. In the other cases namely K, Ca 

and Mg only the exchangeable forms were affected. The results are indicative of the 

likelihood of depletion of soil reserves of K, Ca and Mg within a few more years of 

urea application.

Increased availability of Mn in an acidic soil due to regular application of 

ammoniacal fertilizer for five years was reported by Devi et al. (1975). In the 

present study nine years of regular application of urea resulted in significant im­

provement in the available Mn status of the soil. The improvement in available Mn 

status of the soil due to urea application could be partly due to the increase in soil 

acidity and consequent dissolution of tetravalent Mn (IV) forms.

Considerable build-up of available P (approximately 320%) as well as P 

reserves were observed following regular application of superphosphate. In addition, 

Ca and S fertility of the soil was also improved. These are, in fact, direct impact of 

superphosphate application, as the material supplied not only P but also Ca and S. 

Soil build-up of P following annual application of phosphatic fertilizers has been 

reported by several workers (Wahid et al., 1977; Khan et al., 1983; Anilkuinar, 

1987; De Datta et al., 1988 and Muthuswamy et al., 1990).

The decrease in H ion activity of the soil as well as the decrease in K in 

plots treated with superphosphate must be considered as indirect effects, through 

replacement of these ions by Ca present in the material. Thus the ill-effects of ureaI
application, namely increasing soil acidity and the consequent enhancement of Mn,
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could be to some extent counteracted by the application of superphosphate, as re­

vealed from the significant interactions between urea and superphosphate (Tables 4, 

6 and 8).

A major consequence of muriate of potash application was the build-up 

of K in the soil to the extent of about 24 per cent in total K (Table 14) when muriate 

of pptash was applied at the rate of 280 g K20  tree" 1 year" 1 for a period of nine 

years. Over the same period, available K status of the soil increased by 122 per cent 

(Table 3). The improvement of P and K reserves in the soil following regular appli- 

catioh of superphosphate and muriate of potash respectively is a strong indication of 

the possibility of either skipping these fertilizers for certain period or for reducing 

the frequency of application from annual to once in two years or once in three years, 

without affecting the nutrition and productivity of cocoa trees. There is much scope 

for conducting further studies in this line.

5.2 Fertilizer - depth interactions

The influence of NPK fertilizers was manifested throughout the root zone 

profile up to a depth of 75 cm, in most of the cases. Among these, increase in soil 

acidity due to urea application (Table 18); enrichment of S and Ca due to super­

phosphate application (Table 19) and decrease in available P and S due to muriate of 

potash application (Table 20) were the most perceptible. Nutrient enrichment of 

subsoil could only be due to the leaching of the nutrient during heavy rains. The 

average annual rainfall received at the experimental location is about 3000 mm. It is 

noteworthy that accumulation of P following the application of superphosphate did 

not occur in the lower soil layers. Obviously leaching of P during the period was 

insignificant. The downward movement of P is governed by the P fixing capacity of
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the sbil (Schwab et al., 1990). Laterite soils being rich in Fe and Al sesquioxides are 

known for their high P-fixing ability (Deb et al., 1977). Perhaps a greater saturation 

of P in the surface layer than that attained during nine years at the rate of P applica­

tion used in this study may be required to mobilise P to lower layers.

5.3 Effects of irrigation

Regular irrigation over a period of five years had differential impact on 

the availability and accumulation of nutrients in the rootzone of cocoa. The pattern 

of distribution of P, K and S in the rootzone profile is indicative of their leaching to 

lower layers (Table 23). In the irrigated plots, total and available P were significant­

ly less in the surface layer compared to unirrigated plots (Tables 23 and 24). In the 

case of Ca and Mn, the data indicated virtual erosion of available fraction of these 

nutrients from the rootzone of irrigated cocoa.

Apart from leaching of nutrients, another cause of reduction of available 

nutrient concentrations including that of P in the irrigated soil may be the greater 

uptake of these elements by the tree. Irrigation was found to favour increased uptake 

of all the nutrients excepting Ca and Mg, as could be judged from their foliar nutri­

ent levels (Table 31). The results thus indicated that irrigation had two-pronged 

effects, one enhancing the utilization of applied nutrients i.e. absorption and the 

other depleting the nutrients from the rootzone by way of leaching. In effect the 

impact of irrigation must be considered as the resultant of these two processes.

5.4 Effects of shade

Compared to the effects of irrigation, the effect of shade was more 

variable. The imposition of shade led to greater absorption of N, P, Fe and Mn as



was evident from their foliar levels (Table 31). The soil data on the fertility status of 

these nutrients also corroborate this view. Soil organic carbon content recorded 

higher values under shaded conditions. On the other hand soil K concentrations 

(available and total) were higher under open conditions. Similar results were ob­

tained by Leite (1985). The author attributed this effect to the higher quantity of K 

recycled in the cocoa ecosystem under open conditions, compared to shaded condi­

tions. Absorption of K was depressed by shade and as a result, foliar K levels were 

much less in shaded condition compared to that under open. Gopinathan (1981) 

observed higher content of K in open-grown cocoa.

Foliar N content recorded higher values under shaded conditions. Similar 

results were obtained by many workers (Murray, 1965; Guers, 1971; Purseglove, 

1969). Based on this observation Murray (1965) opined that N recommendation of 

cocoa tree should be done based on overhead shade and for trees grown under dense 

shade N recommendation should be reduced.

When the combined effect of irrigation and shade was considered, N 

absorption was found to be the most affected. Cocoa trees growing under irrigated 

and shaded conditions absorbed more N than those growing under rainfed and open 

conditions (Table 32).

5.5 Foliar nutrient concentrations

Although for evaluating the soil fertility status in relation to fertilizer 

doses only two levels of application were considered, for assessing the impact of fer­

tilizer application on the inorganic nutrition of cocoa all the three levels of fertilizer 

application were considered.
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Application of urea increased the foliar N level at Nj level of applica­

tion. But at still higher level urea decreased not only foliar N level but also its K 

content. Presumably decrease in foliar K content is a reflection of depletion of K 

level at higher rates of urea application. Owuor et al. (1987) obtained similar results 

in tea plants receiving higher levels of urea application.

Substantial decrease in foliar Zn content was observed at higher level of 

superphosphate application. This result is indicative of the P-Zn antagonism occur­

ring in the plant during nutrient absorption. High accumulation of available P in the 

soil following regular application of superphosphate can also, therefore, lead to 

decline in the absorption of Zn by the tree. Pereira et al. (1988) observed decreased 

foliar Zn concentration in rubber trees receiving higher doses of P application.

The foliar Zn content in cocoa is also found to be generally high as 

revealed by the present study as well as earlier reports (Manikandan et al., 1987). 

This would mean that P-Zn interactions leading to antagonism can assume impor­

tance in long-term fertilization. The decreased absorption of Zn with increase in 

levels of urea application could be perhaps due to the depletion of available Zn in 

these plots.

Another case of nutrient antagonism that could be identified from the 

results was K-Mg interaction. An increase in foliar K level due to muriate of potash
I

application tended to depress Mg concentration in the foliage. The antagonism 

between mono - and divalent cations, especially between K and Mg is well docu­

mented in literature. Anilkumar (1987) and Jegannathan (1990) observed decreased
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foliar Mg concentration in coconut palms receiving higher doses of K. Turner and 

Barkus (1983) obtained similar results in banana.

5.6 Effects o f age o f the crop

The dynamics of soil fertility parameters in the rootzone of cocoa (0-75

cm depth) over a period of 12 years of inorganic fertilization showed two general

trends namely, either conforming to a linear model or to a quadratic model. These 

models showed very good fit as evidenced from their very high coefficients of 

determination.

The changes in available and total K, available and total Mg, available

Cu and total Zn increased with time and could be described by simple linear equa­

tions with high predictability (Figs. 1 to 6 ). The linear positive correspondence of 

these soil parameters is indicative of their accumulation in soil with time. The 

slopes observed for the linear plots of available K and total K suggest annual ac­

cumulations of 10.63 and 144.5 ppm respectively, within the rootzone of cocoa. 

Although the annual increment in total K is very high, the available K content ex­

tracted by N ammonium acetate reagent was very less. The large annual increment 

of K must be seen not only the result of annual K application but also of return of K 

to the soil through recycling processes, especially litter fall and through fall (Tukey, 

1969; Leite and Valle, 1990). •

Available and total Mg also showed linear increases with time. The 

slopes of the regression equations indicated annual increments of 15.21 and 42.99 

ppm Mg for these two forms respectively. The other parameters which showed 

accumulation in soil were total Zn and available Cu. Whereas the magnitude of
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accumulation of available Cu is 0.23 ppm, it was 2.41 ppm for total Zn. The results 

thus indicate the probability for further enrichment of these nutrients in the rootzone 

of cocoa beyond 12 years.

In contrast to the above, the changes in organic carbon, available and 

total P, available and total Ca, available Zn, total S and total Cu could be better ex­

plained by quadratic models (Figs. 7 to 14). Barring available Zn all the parameters 

followed the quadratic model of the form,

y =  a +  b jx  - t^x^

where y is the soil parameter and x is the age of the tree in years. The model indi­

cates that a plateau has already been attained for these parameters. In all these cases 

it took about nine years to reach the equilibrium. A comparison based on the nature 

of linear and quadratic models would reveal further the trends in nutrient dynamics 

of cocoa rootzone.

The linear increasing trends observed for K, Mg and Zn indicate that 

their lannual influxes in the soil are much more than their outgo from the system. On 

an average urea contains 0.3 to 0.6 ppm Cu, 0.5 ppm Zn and 0.5 ppm Mn, ordi­

nary superphosphate contains 0.3 per cent Mg, 12 per cent S, 19.5 per cent Ca, 20 

ppm Cu, 50 ppm Zn and 65 ppm Mn and muriate of potash contains 3 ppm Cu, 3 

ppm Zn and 8 ppm Mn (Kanwar, 1976). On this basis it may be calculated that 

application of 100 g N as urea, 40 g P2 O5 as ordinaiy superphosphate and 140 g 

K2 O as muriate of potash, the recommended fertilizer dose tree'* year"* (KAU, 

1993) add 0.7 g Mg, 26.6 g S, 43.3 g Ca, 6 .6  mg Cu, 11.9 mg Zn and 16.4 mg Mn 

to the rootzone of cocoa annually. The inputs include not only the applied fertilizers



but also leaf fall and through fall while the outgo from the system include the quanti­

ty of the nutrient removed through harvested produce and also leaching losses from 

75 cm deep soil cylinder. The results suggested that the supply of K, Mg and Zn 

were in surplus quantities in the rootzone. On the other hand, goodness of fit of 

organic carbon, P, Ca, S and Cu, to quadratic model indicated that in the cocoa 

rootzone their fluxes were initially more but in about nine years, the system has 

more or less attained an equilibrium with regard to influx and outgo of these com­

ponents.
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SUMMARY

A study of the dynamics of soil nutrients in the rootzone of cocoa 

(!Theobroma cacao) was conducted during 1993-94 at the College of Horticulture, 

Vellanikkara. The main objectives of the experiment were to evaluate the impact of 

regular annual application of NPK fertilizers, impact of irrigation and shade, and 

age of the crop on soil chemical characteristics, of cocoa rootzone. An attempt was 

also made to assess' the nutrition of cocoa as influenced by continuous fertilization, 

irrigation and shade based on foliar analysis. Plants under on-going field trials were „ 

made use of for the present study. The soil at the experimental site was Iateritic 

(Oxisol) and the cocoa variety used in field trials was Forastero. For the chemical 

analyses of soil and leaf samples, spectrophotometric, flame photometric and atomic 

absorption spectrophotometric methods were adopted. The salient findings from 

these studies are summarised below.

Continuous application of urea for a period of nine years decreased the 

soil pfl from 5.16 to 4.67. Decreases in available K, Ca, Mg and Zn and soil Zn 

and Mn reserves were observed in plots receiving regular annual application of urea. 

However a reverse trend was observed in the case of available P, S, Fe, Mn and 

total P and Fe.

Long-term application of superphosphate improved the available P status 

of the soil from 9.58 to 40.64 ppm. Soil P reserves also improved considerably 

following long-term superphosphate application. Application of superphosphate
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reduced the concentrations of available K, Mg, Zn and Cu and total K, Zn, Mn and 

Cu in the cocoa rootzone. Dynamics of soil pH, available P, Ca, S and Mn were 

also influenced by urea-superphosphate interaction in the soil.

Continuous application of muriate of potash increased available K as well 

as K reserves of the soil. But it significantly reduced the status of available P, Ca, S, 

Mn and Cu and soil Ca and Mg reserves. Urea x muriate of potash interaction 

significantly influenced available K, Ca and Mn contents of the soil.

Available K, S and total P, K and S contents were highly influenced by 

superphosphate x muriate of potash interaction. •

The effect of urea on increasing acidity, available S, Fe, Mn and Cu and 

total S and Fe varied with depth.
I

Results of the present study indicated that accumulation of P as a result 

of regular application of superphosphate was more in the surface soil than in deeper 

layers. In addition, long-term superphosphate application resulted in build-up of 

available S and reserves of Ca and S with depth, but had an adverse effect on soil 

acidity, available, K, Cu and total Zn contents of the soil with depth.

Depth x muriate of potash interaction were also significant in the case of 

available P, S and Cu and total Ca contents of the soil. Long-term application of 

muriate of potash reduced available P, S and Cu and total Ca contents of the soil 

with depth.

Regular irrigation over a period of five years decreased available P, Ca, 

Mn, Cu and total P and Mn in soil. On the other hand available K, Zn and S and
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total S tended to increase with irrigation. In irrigated plots, total and available P 

concentrations were significantly lower in the surface soil than in unirrigated plots. 

In addition to soil P, irrigation x depth interaction showed to be significant in the 

case of available K, Ca, S, Mn and total S and Mn. In the case of available Ca, Mn 

and total P the effect was visible throughout the soil depths sampled. All the three 

parameters showed significant reduction under irrigation. The depletion in total Mn 

was pronounced in the lower soil layers (25-50 and 50-75 cm). On the other hand 

available K, S and total S contents of the soil increased with irrigation.

Soil organic carbon, available P, Fe and soil reserves of P, Ca, S, Fe, 

Zn and Mn were more in cocoa plots under shade for 13 years. On the other hand 

available K, S, Zn and total K and Mg were higher under open conditions.

Shade x depth interactions were significant in respect of available P, Fe, 

total P and total Fe. Available P content of the surface soil layer only was influenced 

by shade. But total P content of the 0-75 cm soil layer, was significantly influenced 

by shade. In all the three depths total P recorded higher values under shaded condi­

tions. Available Fe and total Fe contents of the soil also showed significant interac­

tion with depth.

Available P content of the soil was found to be significantly influenced 

by interaction between irrigation and shade with shaded but unirrigated plots record­

ing higher concentrations of available P.

Application of urea increased the foliar concentrations of N, Fe, Mn and 

Cu. But at higher levels of urea application foliar K contents decreased significantly.



Long-term superphosphate application depressed foliar Zn content 

from 1 2 1 .2  ppm to 98.6 ppm.

Application of muriate of potash increased foliar K content, the 

highest leaf K level was recorded by trees receiving 140 g K20  tree" 1 year"1! 

Increasing K levels reduced foliar Mg content significantly.

Nitrogen and K contents of cocoa leaves were highly influenced by 

N x K interaction. Foliar Zn content was found to be influenced by N x P 

interaction. level of application recorded highest foliar Zn content.

- Leaf nutrient concentrations of N, P, K, S, Fe, Zn, Mn and Cu 

tended to increase with irrigation. On the contrary, foliar CA content was 

reduced by irrigation, while leaf Mg content remained unaffected.

Foliar concentrations of N, P, Mg, Fe and Mn and Cu were higher 

in plants grown under shade while leaf K concentration was more in open 

grown cocoa leaves.

Foliar N content was highly influenced by irrigation x shade inter­

action. Irrigated and shaded conditions resulted in highest leaf N content 

(2.29%).

Nutrient dynamics in the rootzone of cocoa over a period of 12 

years of crop growth and fertilization showed mainly two diagnostic trends, 

namely, linear and quadratic.
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The changes in available K, total IC, available Mg, total Mg, available 

Cu and total Zn followed a linear regression model of the form y =  bx +  c where y 

is the nutrient concentration and x is time.

The changes in organic matter,available P, total P, available Ca, total 

Ca, available Zn, total S and total Cu could be described by a quadratic model of the 

form y =  ag +  bjx +  b2 X2. .

Available Mn showed a steady increase with age of the tree until about 

nine years and then decreased sharply.
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APPENDIX-1
Analysis o f variance table for the chemical characteristics (Available nutrients)
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APPENDIX-II
Analysis of variance table for the chemical characteristics (nutrient reserves)

Source Degree Mean sub o f  squares
0f ----------------------------------------------------------------------------------------------------------------------------------------------------------------

freedon Total P Total K Total Ca Total Kg Total S Total Fe Total l a  Total Kn Total cu

Replication 2 1151.441 3952.431 858.287 2732.651 109.895 0.012 224.764 31.764
SfV

121.931
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9 9
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9 9 ■*>* *<■ 9 9
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■*0
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Total 71

*Si£nificant at 5% level
**Significant at 1 % level
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ABSTRACT

An investigation on the dynamics of soil nutrients in the rootzone of 

cocoa (!Theobroma cacao) was conducted during 1993-94 at the College of Horticul­

ture, Vellanikkara. Soil and leaf samples were taken from cocoa trees under the 

Cadbury-KAU Co-operative Cocoa Research Project, Vellanikkara. Cocoa variety 

used for the study was Forastero. The soil of the site was laterite (Oxisol). The 

treatments consisted of factorial combinations of N, P and K fertilizers each at two 

levels (with and without), two levels (with and without) of irrigation and shade and 

seven age groups namely 1, 3, 4, 5, 6, 9 and 12 years. Soil samples were also col­

lected from an uncropped and unfertilized area nearby. The impact of long-term 

inorganic fertilization, irrigation and shade and age of the tree on soil chemical 

characteristics as well as foliar nutrition of cocoa influenced by long-term inorganic 

fertilization, irrigation and shade were assessed.

Continuous application of urea for a period of nine years increased soil 

acidity and availability of P, S, Fe and Mn. It also increased total soil P and Fe. But 

it resulted in depletion of available K, Ca, Mg, Zn and Zn and Mn reserves of the 

soil. Long-term application of superphosphate resulted in the build-up of available 

and total P in soil. It also improved the status of soil available Ca, S and soil re­

serves of Ca and S. But it depleted soil available and total K, available and total Zn, 

available Mg and Cu and total Mn.

Muriate of potash application increased the available and total K content 

of the soil. On the other hand it caused depletion of available P, Ca, S, Mn, Cu and



soil Ca anti Mg reserves. Interactions among urea, superphosphate and muriate 

of potash were also significant with regard to the fertility of the cocoa rootzone 

is concerned. Increasing soil acidity due to urea application, enrichment of S 

and Ca due to superphosphate application, and decrease in available P and S 

due to muriate of potash application were highly influenced by depth.

Regular irrigation over a period of five years resulted in reducing 

the availability of P, Ca, Mn and Cu. It also reduced the total P and Mn in 

soil. But available K, Zn, S and total S tended to increase with irrigation. In 

the irrigated plots, total and available P were significantly lower in the surface 

layers compared to that in unirrigated plots.

Provision of shade for a period of 13 years resulted in the build-up 

of soil organic carbon, available P, Fe and soil reserves of P, Ca, S Fe Zn 

arid Mn. On the other hand it decreased the concentrations of available and 

total K, available S, and Zn and total Mg. Irrigation x shade interaction signif­

icantly influenced the available P content of soil.

Urea application increased the foliar concentrations of N, Fe, Mn 

and Cu, but it decreased the leaf K content significantly. Long-term super­

phosphate application reduced Zn content of cocoa leaf. Application of muriate 

of potash increased leaf K content, but depressed foliar Mg content significant­

ly. Leaf N and K contents of cocoa were highly influenced by N x K interac­

tions. N x P interaction significantly aflected foliar Zn concentration of cocoa. 

Foliar Zn recorded higher values in plants receiving no nitrogen and 

phosphorus. Irrigation resulted in increased foliar concentrations of almost all



nutrients except that of Ca and Mg. Foliar Ca content was higher in unirrigat­

ed plants. Effects of irrigation on leaf Mg was not significant. Cocoa trees 

under shade recorded higher concentrations of N, P, Mg, Fe and Mn and Cu 

in their foliage while K content was higher in open grown plants. Irrigation x 

shade interaction significantly influenced foliar N content. Shaded and irrigated 

conditions resulted in highest foliar N content.

Nutrient dynamics in rootzone of cocoa over a period of 12 years 

of crop growth and fertilization could be described by linear or quadratic 

model. The linear model was found to be a better fit for available and total K, 

available and total Mg, available Cu and total Zn. In the case of available and 

total P, available and total Ca, available Zn, total S and total Cu the changes in 

concentrations with time could be described by a quadratic model. Available 

Mn content of the soil showed steady increase with age up to nine years fol­

lowed by a sharp decrease.


