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- Long Term Effects of Manure and Fertiliser ¢

Plantation Crops

in Humid Coastal Soils

“

Available information on the effect of long term application of ma-
nures and fertilisers on the productivity of plantation crops like co-
conut, coffee, tea and rubber grown in the coastal humid solls of
South India and the influence of manuring on soll characteristics and
leaf nutrient contents are reviewed in this paper. The crops respond
very well to fertiliser application, but the importance of a particular
nutrient element varies from crop to crop. Fertlliser application, in

general enhanced soil available P and K conte
was seldom affected.

s, but available N

DR. P, GOPALASUNDAF
and
DR. Y. YUSUF
Central Plantation Creps Res
institute,
Kasaragod-670 124, Kera!

Plantation crops are grown in an
area of about 3.3 million ha in India.
They occupy only 2% of the total
cultivated area, but contribute 80%
of the export earnings from agricul-
tural commodities. The major area
of plantation crops is in the three
southern states of Kammataka, Kerala
and Tamil Nadu. Among the p'anta-
tion crops tea,
cardamom are grown mostly on com-
mercial scale adopting scientific me-
thods of production, whereas coco-
nut, arecanut and pepper are grown
mostly in homesteads, often without
adopting the recommended package
of practices. Cashew is grown under
neglected conditions in poor soils,
which are not suitable for other
crops.

" Fertiliser requirements and use for
plantation crops are influenced by a
number of factors (16). They are:

,1. Once planted, the CTops remain
. productive for periods ranging
i . Irom 20 to more than 80 years.
[

;2. Roots are coarse, less efficient
i and less . evenly distributed

~ through the top soil, but make
¥ better use of water and nutrients
E in the subsoil.

. They are grown on soils having
¥ serious chemical and physical
B6 - constraints. As the flelds are
- rarely ploughed, correction of

‘structural and chemical defeots
B and fertiliser distribution and
S incorporation are more difficult.
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coffee, rubber and .

4. Plantation crops generally have
relatively lower N and P require-
ments agd higher K and Mg re-
quiremegts than annual orops
growing-zion the same soil.

These crops are characterised by
a long pre-begring period lasting even
upto 7 or 8}years and the influence
of managemnt practices applied in
the early yegrs lasts during the en-
tire productiye life. Response to fer-
tiliser applicgtion is manifested after
a time lag crops like coconut.
Hence, expgriments on p'antation
crops are Wsually of longer dur-
ation. The jresults of long term

fertiliser ~ efperiments  conducted
on plantatiogh crops like coconut,

coffee, tea Jand  rubber in the
humid coastal soils of South India
are revie in this paper with
reference to $heir effect on yield, soil
characteristig, leaf nutrient content,
etc.

4 Coconut

Coconut igycultivated in an area of
1.23 million ‘ha in India with an an-
nual productipn of 6400 million nuts.
It is grown finder highly heterogen-
ous soil condjtions ranging from coast-
al sand to clpy, from poorly drained
low lying hes to well drained
uplands andfhill slopes and strongly
acidic to highly calcareous soils ().

A long tegm fertility management

experiment Was initiated as early as
1919 at the §en Central Coconut Re-
search Statioh (now Centra]l Planta-

tion Crops Research Institute), Ka-

saragod. The treatment de!
given in Table 1. In the begin
commercial fertilisers were n-
able, the nutrients were <
through sources. Each paln
manurial treatment received 2
fish guano, 18 kg of wood :
18 kg of green leaves per am
1950 and 1.36 kg ammonium s
0.9 kg superphosphate, 0.9 |
ate of potash and 20 kg gree:
per year thereafter. The revi
tiliser dose of 500 g N + 320
+ 1200 g K.O/palm/year wa:
ed from 1968 with urea, u'
(powd~~od rock phosphate) an
ate of potash as sources of N
K, respectively.

During "period I (1922-3:
mean yield recorded was 37
and 6.5 nuts/palm/year in p
ceiving tillage and manuring
tillage only (Plot 2), and nr
and no manuring (Plot 3), res:
ly. The variation in yield v
reported to be greater in plot
2 compared to plot 1 (7).

Palms receiving cultivati
manuring, yielded on an aver:
nuts/palm/year as against 44
in palms receiving cultivatio’
and 15.8 nuts under neglectec
tion during period IT (1938-7
tical examination of the 'yie
revealed that palms receiving
alone recorded greater increa
productivity during period II «
ed to period I. There was a
decline in yield from 1958 «
due to senility. However, the
tude of vield decrease was h



z
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Tabie 1—Treatment schedules during the diﬂerént periods in the long
‘ term experiment at Kasaragod

Plot
No. |

Period |
(1919-32)

Perlod I
(1983-71)

Plot § Perlod I
No. ¢ (1972-82)

Cuitivation and
manuring

i 'Digglag round
* and manuring

Cultivation but
no manuring

2 Digging round
but no manuring

3 No diggliy and
no manuring
(neglect)

No cultivation ana
ne manuring
(neglect)

k)

| Cultlvation +chemical fertili-’
sers+-organic manures

] Cultivation + chemical fertill-
sers

il Organic manuring +forking in

i‘
v Cultivation alone

A Weed control using herbicides
only
8
v No weed control and no
manuring (neglect)

palms . receiving cultivation alone
~ without manuring (from 51.7 nuts in
1933-48 to 38.9 nuts in 1959-72) than
" in cultivation and manuring plot
ifrom 639 nuts in 193348 to 598
nuts in 1957-72). The mean yield of
palms in the neglected plot was 14.1
~ and 185 nuts during ~1933-48 and

. 1937-72, respectively. This shows
that the minimum leve] of producti-
vity without any input is around 15
uuts/palm/year.

. A\s the palms became senile, under-
planting was done in 1967. In 1972,
. each plot was subdivided into two
and revised treatments were impos-
ed. During the period III (1972-82),
some of the palms died due to seni-
lity, " Minimum deaths were record-
“"ed in plots I and II, which received
“cultivation + organic manure & che-
mical fertilisers and cultivation -+
chemical fertilisers. The mean yield/
- palin/year was 46.3, 404, 31.8, 23.7,
20.2 and 9.3, respectively in plots 1,
{1, 111, IV, V and VI. "This clearly
revealed that for obtaining a reason-
ably good yield, application of orga-
nic manures and fertilisers is essen-
tial along with regular cultivation of
interspaces.

The response of these coconut
genotvpes viz, West Coa-t Tall
WCT), Showghat Orange Dwarf
COD} x WCT, and WCT x COD
‘0. three levels of fertilisers, ie., no
manure M), 500 g N + 500 P.O, +
1000 ¢ K.O (M,) and 1000 g N +

2

]

1000g P:O, *+ 2000 g K,O/palm/year
(M;) was sfudied since planting of
the seedlings (5). Fertiliser applica-
tion had a positive effect on the ear-
ly bearing o' palms. The data re-
vealed that [, dose of fertiliser
doubled the : 1ds of WCT and COD
x WCT as and increased the
yield of ng' X COD hybrid three
times. The hybrids COD x WCT
and WCT X COD did not respond
to higher level (M,) of fertiliser ap-
plication (Table 2),

Wahid et & (17) reported the re-
sults of a lodg term fertiliser experi-
ment being conducted exclusively
with chemical fertilisers at the Coco-
nut Research Station, Balaramapuram,
Kerala since 1964, The nutrient
levels are: ng N (N,), 340 g N (Nj)
and 680 g N (N,), no P (Py), 225 ¢
PO, (P,) and 450 g P,0; (P,) and no
K (Ko, 450 g K/O (Ki) and 900 g K,O
(Ke) per palm per year.

The results! revealed that higher
levels of N and K application signi-
ficantly influenced the nut yield. The
nut yield per efmlm under N, N; and
N, respectively were 3, 12 and 16
after 12 years, and 43, 48 and 60 after
20 years of planting. Similarly, per
palm yield under K, K, K., res
tively were 0, 12 and 19 nuts after 12
years and 7, 68 and 77 after 20 years
of planting. The response to P was
observed upto P; level only. Further
increase in P,Oy level decreased the
nut yield marginally during most of

Table 2—Yield of coconut genotypes
under different fertiliser lepels (July
1981-June 1983)

Yield of nuts/palm/year

Genotype

Me ‘ M; l M,
wCeT 34 87 84
CODxWCT 46 92 95
WCTxCOD 26 79 80

the years. The cumulative yield dur-
ing the 13th to 22nd years of plant-
ing (1976-1985) at zero level of N, P
and K was 136.6, 192.8 and 27.6 nuts/
palm, respectively,  This clearly
shows the importance of K in the
nutrition of coconut palm.

The data presented in Table 3 also
shows the importance of balanced fer.
tiliser application for achieving high-
er nut yield in coconut as evident
from the significant NK, PK and NP
interactions.  Application of either
N or P without K drastically reduced
the nut ‘yield. The response to any
one of these nutrients was also ob-
served to be substantial, only when
the other nutrients were present in
adequate amounts.

In coconut, the response to manur-
ing is manifested only after many
years of continuous application, Muli-
yar and Nelliat (9) reported that in
an experiment conducted at Kasara-
god during 1953-1965, significant res-
ponse to N was noticed after 2 years
and to K after 4 years, but response
to P was significant only after 9 years.
The effect of N on copra yield was
marked in the first three years of the
experiment, but was sma]l later on.
In the case of P and K the situation
was reverse. Though the mean in-
crease in copra production due to K
application over the 10-year period
was only 13.9%, it was 21.8% for the
last year of experiment.

Effect on soil physical properties

Joshi et al (4) studied the effect ol
long term cultural and manurial treat-
ments on physical and water reten-
tion characteristics of red sandy loam
soil.  Plot receiving tillage +
chemical fertilisers + organic man-
ures recorded 0.33% organic carbon
which was higher than that of tillage

FERTILISER NEWS



Table 3—Effect of nutrient interactions on the cumulatice n, 1 yield per
palm, 1976-85 A

3

! Nitrogen levels

Phosphorus levels

Treat- : Mean
ment
‘ Ne ‘ N Ns Po Py , P
Ko 37 2¢ 25 47 24 13 28
Ka o1 324 451 267 g4 304 j' 318
Ks 194 399 498 265 363 464 364
Pe 139 161 279 193
Py 134 357 281 257
Py 138 227 415 260
Mean 137 248 325
.CD—126.

+ chemica] fertilisers plot 0.24%).
The two treatments did not differ in
respect of their influence on water
hOﬁ?I‘l:g capacity, bulk deansity, parti-
cle density and porosity.

Influence on soil and leaf nutrient
status

Khan et al (15) reported that regu-
lar application of chemical fertilisers
over a 18-year period to coconut in
red sandy loam soil resulted in g mi-

' nimal increase in mineralisable N.
' The mineralisable N content ranged
i from 72 to 95 ppm under different
; reatments.  However, the effect on
 leaf N content was more pronounced.
| The N content of 14th leaf was rais-
ed 16-17% in M, (500 g N +
¢ 300 g P.O; + 1000 g K.O/palm/year)
tand M, (double the M; dose) levels
from 1.4% at M, level. Application
- of My dose apparently had no effect
. on leaf N content. The available P
. content of soil was only 15 ppm in
the no manuring treatment. It was
improved to 64 and 93 ppm at M,
- and M, levels of fertiliser app'ication,
. respectively. In spite of this huge in-
crease in soil available P, leaf P
levels could not be raised to the cri-
tical level even after 18 years of con-
tinued fertiliser application. Avail-
able K level was very low (19
ppm) in M, plot and was in-
' creased to 35 and 70 ppm at M, and
" M; levels of manuring. The low so'l
K status in M, plots was reflected in
- poor K content in the leaf, which
was taised just above the critical
level of 0.8-1.0 with fertiliser ap-
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plication. Application of M, level,
however, did not have any advantage
over the M, dose.

Continued application of ammo-
nium sulphate over a period of 22
vears in a red loam soil resulted in a
gradual reduction of sail pH. The
values of pH were 4.9, 4.5 and 4.4
at No, N; (0.35 kg N) and M. (0.70
kg) levels, respectively (17). The
available Mn content decreased with
increase in doses of ammonium sul-
phate, values being 40i4, 31.3 and
259 ppm at N, N; and N, levels,
respectively. On the other hand, re-
gular application of 0.35 kg N/palm/
vr as ammonium sulphate improved
the available S status of soil two-fold.
The enrichment was noticed even at
75 cm depth, Application of super-
phosphate @ 450 g PyO:/palm/yr
increased the available P content of
surface soil (0.25 cm) by 25 times.
Phosphorus application decrcased ex-
changeable K in the soil to 62.4 ppm
from 85.8 ppm in the control (Py).
This might be due to replacement of
K from the exchange sites in the soil
by Ca present in the superphosphate.

In general, there was a build up
of exchangeable K and organic car-
bon in plots receiving ‘muriate of
potash application. The soil ex-
changeable K content was also ob-
served to depend on N: application,
with increasing doses of N applica-
tion reducing the soil exchangeable
K. This could be due to removal of
K* ions from the exchange sites by
NH4* and H*  ions gemerated dur-

1

ing the nitrification process. Appli-
cation of ammonium sulphate, super-
phosphate and muriate of potash did
not influence the availability of Fe,
Zn, Cu and Mg significantly,

Regular application of ammoniun
sulphate significantly increased the
leaf N, Ca and Mg contents com-.
pared to control, but depressed leal
K content. Increasing levels of po-
tassium application increased the leaf
K content. The values were 0.54, 1.37
and 2.15 per cent at Ko, K, and K.
levels, respectively. Application of
superphosphate did mot have any ap-
preciable effect on leaf N, P, K, Ca,
Mg and S contents, -

Coffee

Coffee occupies an area of 0.23 mil-
lion ha in India, of which Karnataka -
accounts for more than 50%. Coffee
soils are mostly derived from granite
and gneisses and occasionally from
hasalts and schists. They are lateri-
tic in nature and are highly leached
with an acidic pH (8). The soils are
rich in organic matter and moderate
to high in available potassium. But
the P content is low to medium indi- .
cating the need for application of *P

(3). ‘
Effect on yiéld ‘

The first manurial trial in coffee
was initiated in the year 1904 hy
Iehman, Iyengar and Awatramani
(3) had summarised the results of
permanent manurial texperiment car-
ried out on Arabica coffee for over
25 years at Central Coffee Research
Institute, Balehonnur (Table 4). 'The
results showed that application of N

alone increased the yield by 250 kg/

ha over control (no manuring), while
inclusion of P at 50 kg P.Os/ha fur-

Table 4—Response of Arabica coffee
to fertilisers in a permanent experi-

ment :

Treatment Yield (ko/ha)
1. Control 714
2. NyoPoOo 066
. 3. NoPyoKo 1136
4. NooPsoKes 1074
5. NooPoKes 908
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thet increased yield by 170 kg/ha.
Addition of K at 65 kg K.O/ha did
. not result in any yield increase.

In a later study at Kalpetta, Kerala-
also on Arabica coffee, average yields
for 12 seasons indicated that there
waus a linear jucrease in vield with in-
crease in application of N:P.0;: K0
from 40:30:40 (3383 kg ripe cher-
ries/ha) to 160:120:160 kg’ha (3916
kg ripe cherries/ha) (8. There was
no further increase in yield with the
upplication  of still higher dose of
fertilisers.

Soil and leaf nutrient status

Raju and Deshpande (12) studied
. the influence of long lerm applica-
“lion of N, P and K ou the soil pll.
“soil available nutrients and nutrient
status of leaves in coffee. The soil
nutrient status (0-25 cm depth) was
determined afler more than 20 years
ol contined application of chemical
Mertilisers. The results showed that
.continned use of fertilisers resulted
in a significant decrease in the pH of
the soil. The mean pH was 6.63 iu
the ‘control (no fertiliser) and 5.30 at
the highest fertiliser level of 495:
374:495 kg NPK/ha. The available
N status did ot show  any  ap-
preciable  diflcrence due to = grad-
. ed doses o fertiiiser application,
Application ol higher levels of
fertilisers” increased the soil available
P, K, Fe and Mu contents, but had
uo effect on the available Cu and Zn
contents, The available P, K, Fe and
+Ma contents were 6, 197, 0.7 and 3.7
© ppm, respectively, in the control plot
and 461, 417, 4.7 and 144 ppm at the
" lighest fertiliser dose.

Application  of graded levels ol
NPK fertilisers did not influence the
leal N, Fe and Cn conteats. The
beal P, K and Mn contents were in-
creased by application of higher

. levels of fertilisers, but leal Zn show-
ed u gradual decrease. The leaf N
coutent was 2.31% in the control and
ranged  {rom 249 ta 2.59% in the
fertitised plots, The leaf P and K
coutenls were only 0.14 and 1.71%
in the contro] plots compared to 0.16
and 2.28%, 1ospectively, at highe:
levels of manusing., At the highest
level of fertiliser application leaf Mn
dand Zn contents were 388 and 18.8
ppin-as against 63 and 23.1 ppm. res-
pectively in the control.
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Tea

South #ndia, with an area of about
75,000 ha accounts for about ouc-
fitth of the Indian acreage under tea.
It produces 150,000 t of made teu,
about 22% of the Indian production,
Tea soils, are mostly laterites, acidic
in maturé with a mean pH of 4.61.
rich in  organic matter (3.56 and
2.93% in'0-22.5 em and 22.5-45.0 e
depths) and poor in available K. The
mean avdilable: P is 34 ppm in the
surface oil and 17 ppm in sub-
soil (1).} No permaunent or long
term magurial experiment is in pro-
gress on tea. except a few aimed at
studying the effect of skipping of nn-
trients.

Ranganathun (13) reported  that
visual symptoms of potassium defici-
ency on tea plants was observed six
vears after withholding potassium ap-
plication, but vield decrease was no-
ticed in the very first year. The vield
reduction was 17% in the first vear
and became 32% in the 13th vear
of withholding K application compar-
ed to plots receiving 40 kg K.0/ha.

Potassium applied in the pruned
vear had & significant effect on the
vield of tea in the pruned 4nd subse-
quent vears I4. For tea pruneq at
33-40 em height, increasing the K.O
level from:80 kg/ha to 140 and 200
kg/ha increased the vield not only
in the pruned year, but also in other
vears (Table 5.) For entire cycle. the
vield increase was 6 and 12%. res-
pectively, for 140 and 200 ke K.O/ha.
over 80 kg/ha.

In the case of tea pruned at 30-35
cm,  application of 200 kg K.O ‘ha

Table Sg—Ef'feci of K applied in the
cm height

P

during the pruned year increased the
vield by 3% over 150 kg/ha. For
tea skiffed at 70 em height, applica-
tion of 390 kg K:O/ha in the prumed
vear increased the tea vield by 5.1%
and was found to be more advant
ageous than 240 kg/ha.

Rubber

Rubber is grown in about 400,000
ha and Kerala accounts for the lion’s
share of this area. Rubber cultiva.
tion is mostly confined to laterite and
lateritic types of soil. In addition,
it is also grown in red soils, forest
soils aud alluvial soils (2). Two long
term fertiliser experiments, one on
rubber grown in  association with
legumes ground cover and other in
association with natural ground cover
are in progress at Rubber Research
Institute of India, Kottayam since I
1971 using the clone RRIM: G000
The soil at the experimental site was
low in available P, medium in avail-
able K and high in organic carbon
and available Mg contents. In the
experiment under legume ground
cover, “Pueraria phaseoloides was
maintained from the second year, but
it started drving from fifth vear due
to shading by rubber plants. Under
natural ground cover, the under-
growth was slashed at regular inter-
vals to avoid competition to rubber.

The experiments were laid out in
split plot design with application of

uniform dose of fertilisers (400 kg of
10:10:4:1.5 fertiliser mixture/ha) -

during first four years or first seven
vears as main plot treatments, The
subplot treatments involved factorial
combinations of two levels each of \,

pruned year to tea pruned at 35-40

Yield of made te;-(k;/hl)

Levels of K.O

(kg/ha) Pruned 2nd year 3rd year i 4th year | Total for
: year [ the cycle
- _._1....... i s e
80 ; 904 2597 3169 2634 €304
140 ? 1056 2800 3349 2687 9892
200 $ 1184 3020 3535 2718 10457
94 201 333 NS 391

CD (0.05

N : ]20 kg'ha In pruned year and 240
PeOs H

kg/'ha in subsequent years.

) kg/ha in purned year and 30 kg/ha in subsequant years.
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P, K and Mg uaund two no mauure
plots. Under legume cover, the N
Tevels were 20 and 40 kg/ha where-
as under natural ground cover the
levels were 40 and 80 kg N/ha.
Levels of P, K and Mg were the
same in both the experimeuts, viz,
0 and 20 kg P.0O;, 16 and 32 kg K.O
and 0 and G kg MgO/ha/year.

Results ‘during the immature phase
(10) revealed that under legume
ground cover girth increment showed
negative respomse to  application o
higher levels of N and P (40 kg N and
20 kg P.O;/ha) compared to lower
levels (20 kg N and 0 kg P,O;) and
positive response to application of 32
kg K.O/ha. With natural ground
cover, N alone had a significant in-
fluence and application of 80 kg N/
ha was found superior to 40 kg/ha.

Results during the first five vears
of tapping showed that under legu-
me cover, N and P had no positive
effect on yiellcll. In the ﬁrstk year of
tapping, application of 32 kg K.O:
hap I:'ec%rde%phigher yield compared

_to 16 kg K:O/ha (15),

In rubber grown in association with
' natural ground cover, fertiliser appli-
" cation was found advantageous and
- manured plots recorded higher vield
- compared to unmanured control. Ap-
. plication of 80 kg N/ha was superior
* to 40 kg/ha. The mean vield was
- higher in legume cover area during
. the first three years of tapping. But
the trend got reversed in the . later
 years (Table 6).

Results obtained so far have shown
' that while making fertiliser recom-
k mendations for rubber due considera-

tion has to be given to the history of
- ground cover maintenance. When
 Jegume cover is mot established, ap-
f plication of higher doses of N dur-

“Table 6——Mean annual yield of rub-
- ber (kg/ha" under legume cover and
natural cocer

SV S —— —— - =

¢ Yeur Legume cover | Naturalcover
1980 175 1145
1981 1948 1685
1982 1949 1796
1983 2010 2115
1084 2203 2369

;. APRIL 1969

ing the -initial years of tapping is
necessary for obtaining higher yields.
whereas in legume maintained areas
there is scope for saving nitrogenous
fertilisers {13). ‘

Pushpadas et al (11) have rcported
that application of graded levcls of
N, P and K for 13 years did not have
any significant eflect on the leal nu-
trient contents. Application ot nitro-
gen in the form of ammouium sul-
phate  depressed the soil pH and
available K, Mg and Cu  contents.
Application of phosphorus as .rock
phosphate increased soil pH and
available P, Mg and Ca contents.
Potassium muriate of potash) appli-
cation increased soil pH and avail-
able K content. i

Constraints;

Plantation crops being percnnials.
experiments are generally conducted
for long periods. The major con-
straints encountered in conducting
long term manurial experimeats in
these crops are enumeraked helow:

1. Large areas are required for Jav-
ing out field experiments. These crops
are often grown in slopy lands with
mdulating topography and it is very
difficult to wet sufficient area with
uniform depth, texture and fertility
status for experimenta! n,

2. Crops like coffee. 1 and carda-
mom are grown under: fhade. Difter-
ences in species of shade trees and
quantity of organic mabter recycled
through leaf fall, loppings, etc. result
in soil fertility variations which inter-
fere with cxperimental; results and
interpretation of data. .

3. Once planted, the crop remains
for decades. Hence it is not possible
to switch over to high yielding varie-
ties /clones as and when thev are ve-
leased. |

-

4. The influence of adverse weather
conditions such as drought if often
manifested over a perjod of time,
which confounds the response to nu-

trients and management practices.

_ 5. There is only limited scope for
incorporating improved management
practices at a later date.}

Conclusionf

Results of long term: experiments
conducted on different plantation

crops clearly establish the need lor
balanced [ertiliser dpplication to re-
alise higher yieids and to sustain high =
productivity during the life span of
the crop. For crops like rubber, fer-
tiliser recommendations are requirel .
to be made bascd on the ground
cover management.  Fstablishinent
of legume ground cover helped to
reduce the requirement of nitrogen: -
ous fertilisers, In coconut, K and
N are the most important natrients.
In coffee, highest response is obtaincd
for N application, followed by P and
often negligible to K. In tea, N und
K are the lwo nuutrients for which
maximum response is obtained aud
the fertiliser management followed
during the pruned year influences the
crop performance during the entire,
pruning cvcle. o

Suggestions for Fui'ure Research

Comprehensive long term permu-
nent manurial  experiments  are re- -
quired to be laid out in differ-
ent regions with improved high yield-
ing varieties/clones of plantation
crops. No such experiment has so
far been reported in crops like carda-
mom and tea. The effect of. Jonu
term usage of organic manures and
chemical fertilisers on the physical. .-
chemical and biological characteri- |
stics of sqils needs tn he evaluated.
These crops are grown in slopy lands
with high to very high rainfall con-
ditions. Improper management and
disturbance of vegetative cover mav
lead to soil degradation and soil ero- .
sion. This is to be studied in detail.
Attempts may also he made to work
out the nutrient balance of plantation
crop ecosystems and to study the in-
teraction of manurial practices with’
other aspects like ground cover main-
lenance, tillage, shade rvegulation. ctc.
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