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Abstract

Investigations were carried out to assess the biomass available for recycling from coconut
based high density multispecies cropping system (coconut, clove, banana and pineapple)
under graded levels of fertilizers (full, two-third, one-third, one-fourth and one-fifth of the
recommended level of fertilizer for each of the component crops and control). The total
biomass removed from the system ranged from 19.1 to 27.6 t ha” year". The highest biomass
production was recorded from two-third level of fertilizer dose (27.6 t ha™ year™). Out of the
total biomass obtained, the quantity available for recycling ranged from 12.7 to 18.5 t ha
year ', which can contribute 56 to 110 kg N, 6.7 to 13.5 kg P and 108 to 225 kg K per hectare.
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Introduction

High density multispecies cropping systems
(HDMSCS) mvolve growing of a large number
of crops per unit area to meet the diverse needs of
the farmer such as food, fuel, timber, fodder and
cash. They are ideally suited for small land
holdings and aim at maximum utilization of
natural resources in unit time without degrading
the quality of environment. But, with many
component crops, the chemical input load in the
form of fertilizers on the soil to meet the crop
needs is high. Fertilizers are becoming
prohibitively costly because of the increase in the
cost of raw materials and power used in the
manufacturing process. In addition, the raw
materials needed for their manufacture are either
fossil fuels or mineral ores, which are getting
depleted at a faster rate. Now a days there is
greater awareness regarding soil health and
organic farming. Under these situations
sustaining the productivity to meet the ever-
growing demand of the population while,
protecting the quality of environment is the need
of the hour. This can be achieved through
judicious utilization of chemical fertilizers and
organic manures. However, availability and cost
of organic manure is the main constraint. Hence
there is an urgent need to recycle the organic
residues generated in high intensity cropping
systems in an effective manner. The importance
of mtensive cropping lies in the nutrient
economy, as the extensive cover in the plantation
floor increases the plant cycling fraction of
nutrients (Khanan and Nair, 1977). Coconut is
being grown as a monocrop or in homestead
gardens or 1n high density multispecies cropping
systems. Coconut based homestead farming is
capable of maintaining soil health and ensuring
environmental safety and it is economically
efficient, ecologically sound and biologically
sustainable (Salam er al/., 1991). Biomass
productivity of coconut pineapple - intercropping
system was 4.3 times that of pure coconut stands
and this combination is considered to be one of
the optimum cultivation patterns in tropical areas
(Peng-FangRen et al., 1996).
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Cocoa, as a component of multiple cropping
system adds substantial quantity of organic
matter to the soil, thus leading to intemal
recycling of nutrients in the system. It has been
observed that 8.2 and 19.8 t/ha/year (oven dry
basis) of cocoa litter fall were obtained from
single and double hedge systems of planting,
respectively (Varghese et al, 1978). Taking
nutrient concentration of cocoa leaves to be
2.84% N, 0.26% P and 1.73% K on dry weight
basis, 1t could be assumed that about 50 kg N, 11
kg P,Os and 35 kg K,O could be returned to the
soil every year through leaf fall of cocoa under
double hedge system of mixed cropping.

The practice of growing large number of
crops in the mterspaces of coconut would add lot
of biomass to the soil and indirect addition of
nutrients. This makes it necessary to rationalise
the fertilizers to the crops in the system. The
results of HDMSCS model studied under
different levels of recommended fertilizers for ten
years at Kasaragod indicated that there was no
marked yield difference of crops in the full and
two-third levels of fertilizers. This indicates the
scope for scaling down of the recommended
fertilizer dose of different crops m the system
(Anonymous, 1995). Coconut based high-
density multispecies cropping system generates
large amount of biomass which if effectively
recycled can meet major nutrient needs of the
crop. The present investigation was therefore
undertaken to study the annual biomass
production of coconut and component crops and
biomass available for recycling under various
fertilizer levels in a coconut based high density
multispecies cropping system.

Materials and methods

The present study was conducted over a
period of two consecutive years (1998 and 1999)
m an existing coconut based high density
multispecies cropping system which was started
in the year 1983 in the research farm of Central
Plantation Crops Research Institute, Kasaragod,
in an 18 years old WCT coconut garden. The
coconut palms were spaced 8 m apart and
arranged in square system of planting. Clove (132
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nos.), banana (343 nos.) and pineapple (3456
nos.) were grown as intercrops. The experiment
was laid out in 1.2 ha area. Imitially, the
experimental plot had three treatments i.e. full,
two-third and one-third of the recommended
fertilizer dose for each component crop. Later,
based on the results of ten years, the experiment
was modified in 1994 with three more additional
treatments. The treatment details are given in
Table 1. Fertilizers were applied in two splits i.¢.,
one-third immediately after the onset of
southwest monsoon (May-June) and remaining
two-third dose at the post-monsoon period
(September-October).  Perfo  irmigation  was
provided at Imrigation Water/Cumulative Pan
Evaporation ratio - 0.75 (irrigation water 20mm)
from December-May.

Table 1. Treatment details

[ Plot Treatment | Plotsize
] (ha)
1 Full level of recommended dose 0.2
I 2/3™ level of recommended dose 0.2
1 1/3 level of recommended dose 0.2
v 1/4% level of recommended dose 02

02 |
02 |

\% 1/5% level of recommended dose

| VI No fertilizer

Note: The recommended dose of coconut, clove,
banana and pineapple is 500: 320: 1200, 300:
250: 750, 200:200:400 and 8: 4: 8 g N, P,0s,
K;O/plant/year, respectively.

Method of sampling

a) Coconut

Dry leaves: Total leaves in the crown were
counted and the first fully opened leaf was
marked in six palms/treatment (totally thirty six
palms). Each year, the number of dried leaves
fallen on the ground were counted from January
to December. The samples were collected every
quarter (February, May, August and November).
The fallen leaves were separated in to petiole and
leaflets and were weighed. Sub samples of each
of these were oven dried and dry weight was
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estimated. The nutrient content of powdered d
samples was determined.

Inflorescence: Dry weight of spathe and bunc
waste was estimated in a similar manner :
mentioned above.

Nut components: Twelve nuts/tree  wel
collected for nut component analysis dunr
different periods starting from January |
December. Nuts were stored under shade for on
month and the weight of husk, copra and she
recorded. Sub samples were taken and oven dri¢
for dry matter estimation and nutrient analysis.

b) Banana

Samples were collected at the time ¢
harvest. Six plants per treatment (totally. thir
six plants) were removed at the ground level :
the time of harvest and aboveground biomass w
estimated. The plants were dissected into leave
pseudostem, peduncle and fruits. Each part w
weighed separately and sub samples were take
The vanous sub samples were oven dried and th
percentage of oven dry matter and total dr
weight of the whole plant was estimated. Afi
mulling, the samples were analysed separately f¢
N, P and K as per the standard procedures.

c) Clove

Totally thirty-six plants (six trees/treatmen
were marked for biomass estimation. The falle
leaves and flower buds were accounted for th
study. The fallen leaves were collected ¢
fortnightly interval and flower buds once in
year for dry matter estimation and nutries
analysis.

d) Pineapple

One hundred and forty four plants at the rat
of twenty four plants/treatment were collected
the time of harvest. Each plant was divided it
root, stem, leaves, fruit and crown and weighe
From this, sub samples were taken. The variou
sub samples were weighed and dried in the ove

at 70° C, reweighed and the percentage of ovel

dry matter and total dry weight of the whole plan
calculated. After powdering, they were analyse:
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separately for N, P and K as per the standard
procedures.

Results and discussion

Annual biomass removed from the system and
amount available for recycling

The data clearly revealed that the two- third
and full dose of recommended level of fertilizer
recorded higher amount of biomass and the
lowest biomass was recorded in the unfertilized
plots (Fig.1). The biomass produced in the
system from main and different component crops
was m the order of coconut, banana, clove and
pineapple. Each crop is discussed below.

Fertilizer Levels

10
Biomass (t/ha)

L Fig.—L T;alr—exm;lble biomass from the system |

Coconut

The biomass removed from coconut was n
the form of leaves, inflorescence waste and nuts.
The annual biomass removed from the system
ranged from 17.7 to 24 .8 t/ha/year. The treatment
two-third level recorded the highest biomass of
24 8 t/ha/year, which was comparable to full dose
of fertilizer (23.6 t/ha/year). The lowest biomass
was recorded in the control plot (17.7 t/hafyr).
Ouvnier and Ochs (1980) estimated that dry
matter production of Dwarf x West African Tall
in the Ivory Coast was just over 30 t/ha/year with
the copra yield of 6,700 kg/ha. The results clearly
illustrate that when the fertilizer dose was
reduced to two-third of the recommended level,
the biomass production and yield of coconut
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palms could be sustained at very high levels,
probably as a result of compensation from
biomass recycling. The biomass available for
recycling is presented in the Table 3. Leaves,
inflorescence waste and husks were available for
recycling. Like biomass production, more
biomass available for recycling was recorded
under two- third and full dose of fertilizer levels.

Clove

Total biomass removed from the system is
presented in the Table 2. The biomass was
removed in the form of leaves and flower buds.
The highest biomass was produced when two-
third dose of fertilizer was applied to the clove
trees and the same declined gradually with the
reduction in fertilizer level. The same trend was
observed in the economic product also i.e. flower
buds. This clearly indicated that when clove was
grown as a component crop in the coconut based
cropping system, two-third of the recommended
level of fertilizer was required to realize higher
biomass production. Out of total biomass
removed from the system, only fallen leaves of
clove will be available for recycling and total
weight of fallen leaves per year is calculated and
presented n Table 3. The highest amount of
biomass available for recycling was recorded
under two-third level of recommended dose of
fertilizer (800 kg) and it gradually declined with
the lowering of fertilzer dose. Nazeéem et al.
(1996) found that 3.8 kg of dry matter/tree was
produced when clove was grown as monocrop
under full fertilizer level.

Banana

The annual biomass removed from the
banana m HDMSCS model including economic
part ranged from 716 to 1767 kg/ha (Table 2).
The highest biomass production was from full
dose of fertilizer and gradually decreased with
reduction mn the level of fertilizer application.
Banana 1s a heavy feeder and the required
fertilizer 1s supphed with in a shorter period of
six to eight months. Therefore, the biomass
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recycling and the nutrient supply would not be
affected to the same extent as that of perennial
crops like coconut and clove. The part of banana
available for recycling is pseudo stem and leaves.
The highest level of recyclable biomass was
recorded under full dose of the recommended
level of fertilizer and followed the same trend as
that of total biomass production under different
fertilizer levels. The amount of biomass available
for recycling ranged from 503 to 1295 kg /ha
(Table 3).

Pineapple

Like banana, more amount of biomass was
produced in the full dose of fertilizer and it
gradually declined with the reduction in fertilizer
dose. It clearly revealed that for higher biomass
production, full dose of fertilizer is necessary
when pineapple 1s grown as component crop
(Table 2). The same trend was observed in
biomass available for recycling also and it ranged
from 263 to 435 kg/ha. Roots, peduncle, leaves
and crown of pineapple were available for
recycling (Table 3).

Annual nutrient export and extent of nutrient
recycling in the coconut system

Irrespective of the level of fertilizer applied,
potassium dominates in nutrient export, and
ranged from 119.1 to 183.6 kg/ha followed by
nitrogen (92.4 to 149.3 kg/ha) and phosphorous
(12.9 to 20.8 kg/ha) (Table 4). Thus clearly
indicated that potassium and nitrogen are
required in higher quantities for the mineral
nutrition of coconut. Ochs and Ollaagnier (1977)
concurred that potassium 1s the dominant element
in fertilizer requirement of coconut. Manciot et
al. (1979) estimated the annual total nutrient
uptake for the whole palm (hybrids yielding 6.7 t
of copra/ha) as 174, 20 and 245 kg of N,P and K
per ha, respectively. The extent of nutrient
recycling through the biomass available is
presented in the Table 5. It clearly reveals that
there 1s a possibility of recycling nitrogen to the
tune of 46.0 to 81.9 kg/ha and phosphorous to the
tune of 5.4 to 10.6 kg/ha and potassium to the

24

tune of 79.4 to 127.3 kg/ha. This also
indicates the vast scope for consid
reduction in fertilizer requirement, which ¢
achieved by effectively recycling the bi
available in the coconut garden. Ouvrier ¢
Taffin (1985) observed that leaving the h
the field, where it was quickly broken

released the locked up nutrients thereby rec
the norganic fertilizer requirement of cocor

Clove

The annul export of nutrients throug
and flower buds ranged from 5.9 to 11.9, (
058 and 7.6 to 157 kgha for nit
phosphorous and potassium respectively,
different levels of fertilizers (Table 4)
contribution from leaves could be recycled
system was 5.5 to 10.8, 0.28 to 0.47 and
12.2 kg/ha of N,P and K, respectively (Tabl

Banana

Nutrient export from banana ranged
3.6to 16.1, 0.6 to 1.9 and 19.0 to 85.7 kg
N, P and K, respectively (Table 4). Out o
the parts like pseudostem and leaves cou
recycled. From this 2.9 to 13.2 kg N, 0.4
kg P and 14.9 to 73.7 kg K per hectare
possibly be ploughed back in to the s
(Table 5)

Pineapple

Nutrient export from root, peduncle, k
fruit and crown were calculated and it r
from 2.6 to 5.5, 0.7 to 1.1 and 9.7 to 19.7
of N, P and K, respectively (Table 4). Exce
fruit portion, all other parts could be recyc
to the system through which 1.9 to 4.4, 0.6
and 7.2 to 15.3 kg /ha of N, P and K cou
returned back to the soil (Table 5). observ
the no fertilizer treatment (Table 6). Al
the nutrients exported by the ¢
potassium export was the highes
potassium requirement for all the crops
very high. However, all the quantity of nu
exported cannot be recycled back to the syst
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Table 2. Total annual biomass removal of coconut and component crops in the coconut based
high-density multispecies cropping system under different fertilizer levels (t/ha)

fumuonnk off Biontass Coconut( Clove Banana Pineapple [ Total |
removal/crops
Full 2355 0.762 1.767 0.585 26664 |
Two-third 2480 0.800 1.407 0.541 27.548
One-third 2198 0.710 1.329 0.524 24.543
One-fourth 19.94 0.581 1.124 0.485 22.130
One-fifth 18.49 0.445 0.851 0.321 20.107
Control 17.72 0.349 0.716 0.315 19.100

Table 3. Total annual biomass available for recycling from 1 ha of coconut based
multispecies cropping system under different fertilizer levels(t/ha)

Amount of biomass rCoconut Clove Banana B Pineapple Total
removal/crops
Full | 15.80 0.666 1.295 0.435 18.196
Two-third 16.46 0.676 0.962 0.399 18.497
One-third 14.11 0.619 0.927 0.387 16.043
One-fourth 12.50 0.524 0.738 0.351 14.133
One-fifth 11.65 0.392 0.575 0.263 12.832
Control 11.60 .349 0.503 0.215 12.667

Table 4. Annual nutrient export of coconut and component crops from 1 ha of coconut based
multispecies cropping system under different fertilizer levels (kg/ha)

Amount of Coconut Clove Banana Pineapple
biomass r

emovalowps | N | P | K [N P ok | N P[k[N[P] K

Full 1493 | 20.8 1793 | 11.9 | 0.58 13.0 16.1 19 8.7 |55 | 1.1 19.7

Two-third 1394 [ 184 [ 1836 | 11.9 | 0.59 15.7 10.6 1.7 1690 |52 |10 | 193

One-third 1252 | 16.5 1642 | 10.8 | 0.52 12.8 83 1.4 638 |45 | 1.1 15.5

One-fourth 1063 [ 168 | 1351 |74 | 047 |106 |67 |12 [371 |42 |10 | 139 |

One-fifth 92.6 13.2 127.3 | 6.0 0.40 9.3 43 06 249 |28 |07 | 10.0 l
| Control 92.4 12.9 119.1 | 59 | 031 7.6 3.6 0.6 19.0 |26 |07 |97 —l
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Table 5. Annual possible nutrient recycling from 1 ha of coconut based multispecies cropping s
under different fertilizer levels (kg/ha)

Crops/ Coconut Clove ) Banana i Pineappl
nuttients [ N | P | K N | P K N P K | N[ P |
I — 1
Full 819 106| 1254 108 047 107] 132 15| 737 44| 089
[Two-third | 810 83| 1273 105| 044 | 122 86| 13| 590 40] 079
One-thid | 67.0| 72| 1104] 98| 042 105 6.6 1 09 543[37] 092
Onefourtth | 527 | 81| 83| 68| 041] 90 52| 08] 290] 34/[ 090
One-fifth 476 57| 89| 55| 034] 79| 34| 04 196 20| 060
| Control 460 54| 794| 56| 028 66| 29| 04 149 19| 064
Table 6. Total nutrient export and recycling in the system (kg/ha)
erps/ Total nutrient export Total nutrient recycling ;ﬁ;?:gﬁ:é
nutrients N P K N P K | N [POs K
Full 1829 244 2977 1103 135 225.1 48 8
167.1] 216| 2877 104.1 107 [ 2135 61 8
1488 | 193 | 2563 87.1 94| 1876 68 9
1966 | 67.9 102 1342 79 1]
105.7 149 1714 ] 584 70 1198 135 21
Control 104.5 145 | 1554| 564 6.7 108.1 - .

some of the components of biomass are of
economic importance. However, the biomass,
which could be recycled, is also in the same order
of export as that in the biomass as far as
treatments i1s concerned. It is interesting to note
that the recyclable biomass obtained from two
third level of fertilizer application was slightly
more than full dose. The results are clearly
indicated that if the recyclable biomass is
composted properly and ploughed backed in to
the system, there is further possibility of scaling
down the dependence on chemical fertilizer and
sustain the system.

From the above discussion, it may be
concluded that in coconut and clove the yield and
dry matter production was reduced considerably
when the fertilizer dose was reduced below two-
third level of recommended dose. In case of
banana and pineapple, higher dry matter

production and economic yield is reported
full dose of recommended level and there:
was reduced gradually. It indicates that in
to realize their full potential banana
pineapple, should be fertilized with full d
fertilizer and two-third level for coconu
clove 1s adequate under present situations.
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