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INTRODUCTION

Pineapple |4nanas comosus (L.) Merr.] belonging to the family
Bromeliaceae is a choice fruit of India. The unique fruit qualifies and high
productivity under marginal condition makes pineapple a commercially important
fruit crop. It is_having great demand both in fresh and processed forms in the
international market. In India pineapple is mainly éom in the statés of A’ssém,
‘Kerala,l West Béngal, Tripura, Meghalaya, Bihar and Kamataka because of the

congenial humid tropical climate.

In Kerala this fruit crop occupies an area of 10692 ha with a production
of 84599 tonnes (FIB, 2002). Suitable climate, product diversification and new
avenues of marketing make pineapple culfivation in Kerala a profitable
enlrepreneuréiu'p. “The two important varieties recommended for large scale
commercial cultivation in Kerala- are Kew and Mauritius. Of late he variety
Mauritius has gained more importance in Kerala owing to its better keeping quality,

short duration, better taste and flavour as compared to Kew.

Pineapple is planted in trenches, in beds and on flat land, depending
upon the suitability of land, variety and desired number of crop cycles. Trench
planting is recommended for Kew pinea;iple, whereas, surface planting is
recommended for Mauritius by Kerala Agricultural University (KAU, 2002). The
system of planting also decides the planting density and growth. Optimization of
plant dehsity by adopting suitable system of planting and spacing is nécessary to
achieve high production’ and productivity. Under well designed plant orientation by
optimizing population, high yield and acceptable size and quality of fruits is
achieved (Chadha et al., 1977). The plant population followed by farmers is very
low- as éoml;ared to the recommendations of the Kerala Agricultural University

(KAU, 2002).

For optimum plant population to be maintained a thorough knowledge of
the root activity and-root level interactions with reference to nutrient and water

uptake is essential. Studies related to these aspects are lacking in pineapple.



A knowledge of the spread of active roots in the soil ts useful in
determining the exact site and time of fertilizer application for the effective and
economic utilization of the nutrients. 1i 15 also important in understanding the extent
of soil sp;clca explored by component species in poly culture in view of the
competitive or complementary root level irteractions. Despite the importance of the
root system, studies on it have been very few and scattered, primarily because of the

difficulties encountered in examining the roots in their natural environment.

Considerable amount of variations have also been observed in the rooting
pattern of same variety as well as that of different varieties of the same crop under
different sysiems of planting and planting. densities. Hence it is necessary to study
the variations in rooting pattern in the two cultivated varieties of pineapple with
_ respect to method of planting as well as spacing. This in turn will help in modifying
the cultural practices like method and location of fertilizer application, irrigation as
well as optimum spacing, for high yield and productivity. Keeping in view of the
above factors, the present study on the rooting pattern of pineapple was undertaken

with the following objectives.

o To study the active root zone of two varieties of pineapple under
different methods of planting by employing 2P soil . injection
technique.

o To study the uptake as well as sharing of radio active phosphorus by

two varieties of pineapple under different systems of planfing.
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2. REVIEW OF LITERATURE

The knowledge of root system is of utmost importance for the proper and
scieniific management of a fruit crop. Root activily patterns have been studied in
detail in a number of perennial crops like apple, citrus, banana, mango, coconut,
rubber elc. Howéver, informations on the above aspects are scanty in pineapple. The
literature available on the root distribution pattern of important fruit crops and
plantation crops are reviewed and presented in this chapter under the following

headings.

o Root system stu‘diés

« Root distribution pattern of crops

» Use of radioisotopes in-root activity studies

o Root activity patfern of crops '

. 'Root éctiv’ity as.inﬂuenced By varieiy

» Root acfivity as‘influenced by planting density

o Root activily as influenced by method of planting

o Root competition

2.1 Root system studies

The interest in root studies in crop.plants was started early in eighteenth

century as reported.by Bohm (1979). Sachs was the first who used this technigue.

A scientific excavation technique 1o sfudy the root system of crop plants
was developed by Weaver (1926).- The acceptance of the traditional profile wall
method came whep Oskamp and Batjer (1932) made intensive root studics on
orchard trees. by ‘this method. Later ihe discovery of monolith- method

(Pavlynehenko, 1937) led to more studies concerning roots.

The introduction of radiotracers in root research by Hall ef al. (1953)
seems to be an important landimark in the field of root studies. One of the most

common root study methods, which combined piclorial presentation with



.quanntatlve determmation of the root system of the plants, is the needle board
method (Schuwmann and Goedewagen, 1971). Subsequently modern techniques
iﬁvolving ro'ot cellars and under;ground root chamber (rhizotrones) were developed
(Kamnok and Kucharski, 1982). This-facilitated more reliable and easy methods for

studying root system:

2.1.1 Root distri n of important fruits and plantation crops

he direct methods .of investigating root systems includ'e.excavation,
needle board method, monolith method, ;proﬁle wall method etc. They provide
substantial information on root surface area, root biomass, length ‘and thickness of
roots, root. volume, extent. of vertical and lateral spread etc. depending on the way
the experiment is designed. Despite the cumbersome and often time consuming
nature of the methods, root systems of several fruit trees and plantatién_ crops have

been studied.

2.1.1.1  Fruit crops -
Apple .

Earlier studies made in apple by Oskamp (1932) and S\veet (1933)
showed a rooting depth of 2.5 m for a matured ‘Baldwin’ apple in a well drained
soil. Examination of a 26 year old tree of Jonathan apple in a sandy soil by Tamasi
{1959) showed that the roots oécupied an area of 134 square rﬁetre while the crown .
occupied an area of 44 square métrc, thus 69 per cent of the rools occupying under
the crown spread. Pasinova (1960) reported that in 14 10 40 year old apple trees
about 30-60 per cent of the roots are within a depth of 20-40 cm. .

According to Doll (1961) the roots of a 1 year old apple tree showed a
horizontal and vertical spread of 75 cm while four year old tree showed 3.35 m
vertical spread and 4.82 m laleral spre;ad. Studies of Babuk'(197 1) indicated that
most of the roots of older apple trecs were pres;enf in 80-106 cm soil layer. Pavan

(1995) found that the greatest root density was in the 10-20 cm soil layer.



Banana
In banana the laterally spreading roots generally extended to a distance of
5.2 1n and descended to a depth of 75 cm in the soil, with majority of the roots
. confining "to a debth of 15 cm (Fawcett, 191'3).. He also found the minimum
“penetration to a depth of 140 cm. A horizontal root growth of 3.0 to 3.6 m was noted
by Swarbrick (1964). Godefroy (1969) stated that banana roots penetrated to a depth
of 80-100 cm when grown in alfuvial soils. The banana plant mainly utilizes
nutrients from a VCI).I limited soil depth due to shallow root system’as generalized by
Bose (1985). Ac_cér’ding to Araya ef al. (1998) oot weight of bahzina‘t':v'. ‘Valery’
was found highest in the top 15 c¢m of soil. More than 65 per cent of the total root

weight was found in the upper 30 c¢m of soil.

Citrus

Studies -in Sicily on the roots of sour orange by Baldini (1957) revealed
that most of the roots were confined between 10 and 20 cm laterally and at a depth
of 40 to 70 cm. Cahoon ef al. (1961) concluded that 0 to 10 cm depth of the soil
contained majority of the roots and im'gatién had a pronounced effect on the
percentage of roots in each soil depth. Aiyapba and Srivastava (1965) observed that
the highbst‘cond'emratiqn of all kinds of roots including thick roots was at 0-15 cm
radial diétance in Coorg mandarin, but the fibrous roots were more Beyond 90 cm. It
was also foﬁnd'.- 111a_t- the root system extend '10.2 cm vertically and 160 cm

- horizontally in a one and a half year old Coorg mﬁndarin. Roots of 2 % year old
seedling mandarin plants grew vertically to about 224 cm and laterally to about 351
cm in healthjl," trees to 191 and 2'69 cm in less chlorotic trees and to 199 and 179 cm
respecﬁvely in severely chlorotic trees (Aiyappa and Srivastava, 1968). The heaviest
concentration of fe‘gder roots in a three and a half year old mandarin was found in

the top 60 cm soil colunn (Aiyappa ef al., 1968).

_ A study on eight year old Gandhraj lemon by Ghosh and Chatopadyay
(1972) revealed that myjority of the roots (78%) were confined in the top 25 cm soil.
Excavations of 15 year old swe& orange trees in deep plain lands revealed it to be a
surface feeder w1th @bqut 66 per cent of the total roots concentrated in the surface
‘soil upto 25 cm depth at a radial distance of 50-100 cm (Ghosh, 1974). Chandra and

Singh (1979) reported that in six year old eureka Jemon the highest root density zone



was found to be at 0-60 cm radial distance to a depth of 0-20 cm. Chandra and
Yamdagni (1983) concluded that 0-60 ¢m radial distance and 0-25 cm depth
constituted majontv of the roots of 12 year old pear] ianjelo during summer and post
rainy season. In a study on root distribution of ‘Cleopatra’ mandarin with ‘Pera’
‘sweet orange scion (Ohvelra et al., 1998), the effective rooting depth and the

effective rootmg distance was found to be 0.6 m and 1.65 m respectively.

Grapes

Root excavation studies of ‘Concord’ vine by Doll (1958) on a terraced
vineyard in Iowa showed that in fertile soil, the vines bad a maximum root extension
of 6.6 m with vertical spread of 5.9 m as against its lateral and vertical spread of
7.25 and 2.85 m respectively in a Iess.férﬁle soil Studies conducted by Chelam
(1974) at the Agncultural College, Coimbatore on the root system of eleven year old
grape vine. vanetles Anab-e-Shah1 Kah Saheb, Pachadraksha, Bangalore Blue

‘Muscat and Humberg indicated that many of the growing roots were conﬁned toa
depth of 90 cm of which a grcater part being in the 20-40 cm depth. Rxch_ards (1983)
observed that vs}hile most of the roots of grz;p‘es occurred in the top 100 cm of the
soil, the absorptive lateral roots were concentrated between 10-60 cm depth. Sawaf
et al. (1985) shown that in Vinifera grapes on heavy soils under ramfed condmons

fibrous roots grew upto a depth of 1.5 m whereas, in shallow sandy soils -under
irrigation majority of the fibrous roots were found within a depth of 50 cm. In six
year old Thompson seedless Variety of grape the maximum root density was found at
0-50 cmn radial distance and 15 cm soil depth (Prakash ef al., 1989).

Guava

Ghosh (1974) found that 48 per cent of the total roots were concentrated_
in the surface soil upto 25 cm depth. -According to Purohit and Mukhérjee (1974)
feeder root density was much higher during rainy season as compared to summer
season at a lateral distance of 120 cm and upto a depth of 15-30 cm during summer
and 0-15 cm during rainy season. Bhutuni ez al. (1976) observed that tree growth
_land root development of Alléhabad safeda were not affected by calcium carbonate
layers and the intensity of roots at 60 cm depth was one and a half times more than

that at 90 cm. Debth.



Mango
S‘mgh (1.960) reported that mango tree possess a very long tap root system,

which continues to elongate till it reaches the water table and by that time few anchoring
branches also develop. He also opined that the effective root system of an 18 year old
mango tree grew to a depth of 1.2 m with létex‘al spread of 1.6 m. Root excavation
studies by Ghosh (1974) showed that 44 per cent of the total roots of mango are
concentrated in the surface soil upto 25 cm depth and to a lateral distance of 50 cm
from the trunk. The feédér root distribution of mango was studied by Bojappa and Singh
(1975) by soil auger sampling. They found the highest concentration of feeder roots in
. the zone close to the tree (60 cm) at the top'15 cm layer of soil. About 80-90 per cent of

the feeder roots were within the peripheral 180 cm.

Pineapple

Collins (1'960) reported that in pineapple variety ‘Cayenne’ the roots
originating from the basal portion of stem éventually reach the soil within a radius of 30
cm. According to Inforzato et al. (1 968), ibe roots of 12 month old pineapple grow to a
depth of 1.3 m and 95 per cent of the roots were confined 1o the top 20 cm of soil.
Purseglove (1975) reported that in pineapple there are two types of roéts called axillary
- roots, which do not enter soil, and remains tightly wound around the stem at the leaf

- axils and are ofien flattened soi ' j .
the stem. Samson (1980) op::dﬂ:aijller:::s ir; “iqxf ﬁ(;mdthe o porion !
cm. They rarely e):ztend below 30 cm depth buf thfl'J lateipaf o o b
drip area of the plant. Chadha er a/ (1 998) report;d that tljpread e ?eyond "
‘ e root system of pineapple is

adventiti i
titious, dense and shallow and is concentrated mainly in the upper 15 ¢m of soil
and rarelv extends to a denth af2n om. ‘ o

2.1.1.2 Plantation crops

Arecanut

Bavapps (
o el fppa and Murthy (1961) reported that the roots of areca palms radj
s of .
o of the bole and most of them reside very close to the pal o
radius. Bhat ; ‘ | o —
1at and Leela (1969) observed that about 61-67 per cent of th .
It of the roots

I wvere fo \.V. 1 O 1
d ed



According to Mohapatia ¢t al. (1971) a four year old

in a zone of 50 cm radius around the

enctrated to a depth of 2.6 M. Khade

of 50 cm of the surfacé.

paim had 96 per cent of its rocts spread
Bhat {1978) found that the areca roots p

(1993) reviewed the root distribution of arecanut palm and reported that about

cent of roots were found within a radius of 100 cm fror the trunk and penet

a depth of 2.6 m.

Cashew

Tsakiris and North\;vood (1967) stutssmns vues - - -
cashew irees growing on soils of loamy to sandy loam texture and found
root of a three and a half year old tree extended to a depth of over 3.2°
diameter of 8.8 cm at a soil depth of 46 cm. Khader (1986) observ
seedling raised cashew tree, over 67 per cent of the thick roots and 26 p
fine roots were confined to a radius of 50 cm from the base of the tree,
year old cashew trees in a plantati i i
cashews develop an c:xte:s)iw:tzrict)l;):l :;s:;lm\?:hsﬁ;wed 'tha't el

€ majority (89.3%

“within 300 c¢m of the pl ithi
plant laterally and within t! “enri
s 1€ top 100 cmy of sgjf

Cocoa
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1ad an extensive spread of lateral roots majorityfthem | N
| , . 1 lying ;
cm layer. The taproot grew to 50-120 cm lensth e
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seen in the 0-50 cm soil layer both horizont

. .
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surface feeder ‘with majority of the roo V[]



. Coconut

Root studies carried out at Veppa.nkulam showed that a gl eat majority of

the roots were conﬁned {0 lhe 16-60 cm layer of soﬂ and that the niymber of roots

produced by the palm increased with the increase in level of fertilizers applied

(Anon, 1 970).

Kushiwdh ef al. (1 973) from 'their studies on rooting pattem of coconut
observed that. the palms receiving regular cultivation and manuring produced the
highest number_ of roots, They found that over 82. per cent of the roots resided in 3]
to 120 cm soil depth and only 8.7 per ceny of the roo’;s went below 120 cm. About 74
per cent of the roots produced dld not have lateral spread beyond two meter from the
trunk., Jalil (1982) observed Ihat upper most 50 cm soil layer constitute the hlghest
root density in coastal clay soils of Malayma_ Louis and Balasubramanian (1983)
found that as much as 60 per cent of the roots of eight year old palmlay in the 31-60
cm soil depth and only three per cent of the roots could be found in the top 15 cm
layer. In an alluvial soil of northern Venezuela, the coconut roots were found to
concentrate in the top 30 cm soil layer within an area of 1.5 m radius (Avilan ef al,,
1984). According to Pomier and Bodoeau'(i987) under non-limiting conditions, the
roofs of coconut can reach a-depth of four meter although about 50 per cent of the
roots are -found. in the surface' 0-50 cm soil- layer Studies” on- the root system
distribution of ‘dwarf coconuts by Cintra et al. {1992) shown that the greatest
concentration of roots lies at a depth of 0:2-0.6 m. It was discovered that around 70
per cent of total roots and 65 per cent of the fine roots were found within one meter
radius around the stem and 90 per cent of total roots within a radius of 1.5 m around
the stem. Maheswarappa et al. (2000) reported that in coconut the- effective root
zone for agronomlc management is within one meter radius of the trunk for six year

old palms compared with a two meter radius for 26 year old pa]ms

Qil palm

Ruer (1967) reporied that in aduit palms, the total quantity of absorbing

roots in surroundmg circles mcreases at least toa radxus of 3. .5-4.5 m..The greatest

quantity of roots is in. the top 15-30 cm of soﬂ Nair (1993) reviewed the root
distribution pattem of oil palm and reported that majority of the active root system
lies at 5-35 cm dépth. The total quanlity of absorbing roots extends a radial distance



of 3.5-4.5 m. The highest root zictivityjs at the surface within 100 cm lateral

distance from the palm. Beyond 300 cm there is a decrease in root activity.

Rubber

Soong (1976) oa the evaluation of the vertical distribution of feeder roots
of rubber found that the greatest root proliferation was in the topsoil and the
proliferation decreased rapidly with depth. Kumar (1993) reviewed the root
distribution pattern of rubber and reported that taproot was observed to be about 1.5
m and 2.4 m deep respectively, in trees of three and seven to eight year of age. The
lateral roots were seen extending upto six to nine metre in the young plants and
béyond 9 m in mature trees. Samarappuli ez al. (1996) reported that feeder root
density was significantly different between lateral distances from the basg of the
rubber plant and in their vertical distribution with the highest percentage of roots
being iﬁ the surface soil layers, 0-10 cm and 10-20 cm in the region of 120 cm

circle.

2.1.2 Use of radioisotopes in root activity studies

. Many methods with radioactive isotopes have gained significance in root
studies during last three decades. They have been used in recent times to determine
the distribution pattern of active roots, both in terms of area around the individual
trees and also its rooting depth. In contrast to the traditional methods, isotope
technique is a non destructive and precise method which provide information on the
underground parts more precisely, quickly and easily. The soil injection and plant
injection techniques are now the common radioisotope aided methods employed in
studying plaht root system under field conditions. The development and activity of
plant root system in natural profile was first measured with a radioactive tracer by
Lott et al. (1950) and then by Hail ef a/. (1953). The soil injection techniques
developed by Hali et al. (1953) employing *?P radio isotope has been widely used
for studying the root activity pattern of plants. Several workers like Fox and Lipps
(1964) and Russel and El:lis ( 19'68) have suggested that root distribution and root
activity in different soil depths can be acéurately and easily assessed by studying the

uptake of radioisotopes placed at specified depths in the soil.



The 32}’ plant injection techmque for studying the root distribution of
cereal roots was first descnbed by Racz ef al. 1964) and subsequently modified and
ifnproved by Rennie and Halstead (1965). :

The most commonly used radioisotope in root activity studies is 32p,
Occasionally, *Rb and *P were also used ‘(Saizdel Rio ef al., 1961; IAEA, 1975).
32 p is a high energyrpure beta emitter with a half-life of 14.3 days. It is mostly
preferred -because of its safe hdndhng chatactenstlcs low price and relatively shorter
haif-life. It rs relatrvely 1mmob11e in the soil to ensure its absorpnon by the plant
from the pomt of its placement in the soil, at the same time mobrle in the plant
system to ensure raprd translocatlon m the plant Root actmty studles using

radrorsotope have been studied in a number of fruit crops and plantatlon Crops.

2.1.2.1 - Fruitcrops
Apple
Atkrnson (1974) observed that in a two year old apple tree the absorption

of *2P from 30.cm depth was greatast and in 225 year old apple cultivar absorption -

was greatest front 90 cm.

Banana

Walmsly and Twyford (1968) studied the uptake of nutrients by
‘Robusta banana plant at two stages of growth and found that the active zone of

nutnent uptake by two month and five month old plants were within a radius of 1. 5-

24 m re;pectrvely. it was also found-that the feedmg roots did not extend for more
than a circle of 2.4 m radius in both’heavy and light soils. Root activity studies in a
two year old banana vanetv ‘Naketengu in dry and wet seasons at Makerere
Umversrty in Uganda usmg 32p showed ‘that in wet season the ma:umum root
activity occurred nem the surface of soil at a distance of 40 cm-from the plant
(IAEA, 1975). The root actwlty decreased shghtly at 15 cm and 30 cm depths and
sharply at 60.cm depth durmg‘the wet season. In the dry season, the highest root
wclivity was noticed at a distance of 40 cm and 80 cm away from the plant.
Moreover the roots were also found to be very active at 120 cm and 160 cm

listances at depths of 30 and 15 cm respectively. Mohan and Rao (1985) recorded

iighest Toot activity within a radiis of 30 tm in two month old plants. Sobharia ef a/ .



1989) using 32P showed that nendran banam has a shaliow root system with most of
he active roots seen at a depth of 30 cm, 20 cm away from the plant under rainfed
sondition. Maximum root dctmty under 1mgated condition was observed at 30 cm
jepth and 20 cm lateral distance. In a crop geometry ‘study conducted by Ashokan
1 986), it was seen that in the cultivar Palayankodan (AAB), the active roots were
listributed upto a radial distance of 30;35 c¢m and to a depth of 25-30 cm af the peak

vegetative phase.

Citrus

Tripathi'ax_ld Dutta -(]967) found .that'in ten year old grape fruit trees at
Saharanpur, active roots were maximum at 25 ¢cm depth and 1.2 m radial distance
Tom the trunk. The experiments carried out in orange trees grown under sandy loam
soils-in Spain using’ 3%p so‘lll‘ injection technique revealed that the root activity was

lighest at 30 cm depth and at 300 cm distance in the 30 year old trees and at 30 cm

lepth and 100 cm lateral dlstance in younger trees (IAEA, 1975) ‘Feeding activity:
vas confined mamly to.the upper soil layer upto 30. cm or at the most 60 cm depth-

reyond which root activity was negligibly small. In an experiment on eight year old
sitrus trees ip Tainean, highest root activity was observed at a distance of one meter
ind at a d'epth of 10 cm (tAEA' 1975), Chandra ef al. (1979) observed that in six
rear old Eureka lemon, the mammum root acttvnty was found at 60 cm radial
listance and.20-°cm depth In Kagzi hme the root actmty was determmed at ITIHR,

3angalore by *2P soil injection techmque. It was found that about 75-80 per cent of
he total root activity was confined to a radial distance of 120 cm. About 80-95 per
ent "of the feeder roots. were 1located in the .surface 10 cm soil layer (Iyengar and
viurthy, 1987). Spatial distribution of root activity in Coorg Mandarin on a red
andy clay loam soil was studied using 32P soil injection techmque In six year old
ree, 78- 88 per cent of the foots were located within the top 15 cm of soxl As much
s 80- 95 per cent of the activity confined to a radlal distance of 120 cm (lyengar et
il., 1988). Iyengar and Murthy. (1989) reported greater absorption of fertilizer P
rom placement at 105 to 135 cm. dlstance in 80 year old Coorg mandarin trees.

\pplication durmg ramy season resulted in better.absorption than during summer.

'Dh_ander and Singh (1989) observed that the root activity of 20 year old
rape fruit tree was highest at 120 cm radial distance and 20 cm depth followed by
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at 200 ¢cm distance and 20 cm depth. Top 20 cm layer contributed 47-49 per cent of
root activity and the remaining was distributed in the subsoil layers up to 60 cm
depth. Iyengar and Shivananda (1990) reported that the ‘Mosami’ sweet orange
budded on Rangpur lime is a surface feeder with 70-90 per cent of it’s active roots
located in the top 30 cm soil layer and 65-85 per cent root activity within a
horizontal distance of 120 cm. Acid lime on Kama Khatta rootstock showed
maximum root activity within 40 c¢m radius of the plant base (Kurian ef al., 1991).
Most of the active roots (75-80%) were observed at 80 cm distance from the plant
and to a depth of 16-24 cm. According to Kurian ef al. (1992) Kinnow mandarin
grafted on Karna Khatta rootstock showed active root spread up to 120 cm radially
and between 16 and 24 cm vertically while that on Troyer citrange rootstock showed

maximum root activity within 80 c¢m radial distance and to a depth of 24 cm.
Grapes

Ulrich ef al. (1947) in a study on 25 year old grape vine grown under red
loam soils of California using *?P found that the roots were irregularly distributed
around the vine and it was estimated that 90 per cent of the roots were within a
radius of 2 feet around the base. Sathi et al. (1984) observed that about 70 per cent
of the roots of 4 year old vine feed around the vine to a lateral distance of 1.5 m and
within a depth of 30 cm. Brar et al. (1986) reported that about 77 to 84 per cent
active roots of varieties Perlette and Anab-e-Shahi in a sandy loam soil were
concentrated in the top 50 cm layer at a distance of 80 cm from the main stem.
Perlette had maximum (52%) feeder roots at a depth of 50 cm but Anab-e-Shahi had
56 per cent of its active roots at a depth of only 20 cm from the surface. According
to Iyengar et al. (1989) as much as 70 per cent of the{ root activity was located
deeper in the soil between 45 and 75 cm depths. Nearly 80 per cent of the root
activity was confined to a radial distance of 100-120 cm. Prakash ef a/. (1989) found
that the maximum root activity zone of 7 year old Thompson seedless variety was at
40 cm radial distance and 15 cm depth.



Guava

Work conducted in India showed that the highest concentration of
ab.sorbing roots of guava trees was situated close to the soil surface and near the
trunk (Purohit and Mukherjee, 1974). Nearly 71 per cent of the root;zictivity was
found -within an area of 120 ¢cm radius around the tree. During rainy season majority
of the active roots were found at a depih of 15 ¢cm and during summer it was upto 40
cm depth. Spatial distribution of active roots in ‘Arka Mridula’ guava was studied
by Kotur ef al. (1998). It was found that root activity was greatest during late rainy
season (September-December) due to high soil moisture content and greater shoot

activity during this season.

Jack

Root distribution of wild jack tree (Arfocarpus hirsutus) was determined
by P plafement (Jamaludheen et al, 1997). They opined that most of the
physiclogically active roots were concentrated within a radius of 75 ¢m and 30 cm

depth, although the taproot might reach even deeper.’

Mango

Bojébpa and Singh (1974) in their studies using **P in mango found that
in 18 year old highest absorption of **P was from the zone close to the trunk at a
distance of 120 cm and at a depth of 15 cm. Absorption rate decreased with increase
in soil depth. About 77 per cent of the active roots were found in the upper 60 cm
soil layer. Nearly 88 per cent of root activity was concentrated within an area of 300
cm around the tree. In studies carried out at ITHR, Bangalore during 1992-1993
spatial distribution of root activity was studied using *2P soil injection teéhnique in 8
year old trees of cv. Alphonso (Kotur ef «i/., 1997). It was observed that most of the
active roots (80%) were confined to a 100 cm radial distance with about 41 per cent
of the roots concentrating to a depth of 20 cm during late rainy season. About 46 per
cent of the roots were found to 4 depth of 60 cm. During summer 52 per cent of the
active roots were found at 150 cm radial distance. Root activity decreased with
depth (50, 31 and 19% at 20, 40 and 60 cm respectively).



Papaya

An experiment was conducted|in IIHR, Bangalore to study the spatial
and temporal distribution of root activity in papaya (Kotur and Murthy, 2001). They
observed that the active roots grew up to 60 cm radial distance and 30'cm depth of
these 75-92 per cent of roots occurred up to 40 c¢m distance while 54-79 per cent

found down to a depth of 15 cm.

2.1.2.2 Plantation crops
Cashew

Wahid et a/. (1989a) studied the root activity pattern of active roots of 20
years old cashew trees growing in laterite soil. The results indicated that cashew tree
is a surface feeder with about 50 per cent of the root activity confining to the top 15
cm of root layer. About 72 per cent of the root activity was found within a radial
distance of 2m from the tree. Bhaskar ér al. (1995) observed highest root activity
during flushing and early flowering phase, which extended from September to

December.

Cocoa

Experiments conducted at the Cocoa Research Institute, Ghana indicated
.that the most active root zone lay within 7.5 cm surface soil layer upto a lateral
distance of 1.5 m (Ahenkorah, 1975). The wet and dry season experiments
conducted at Ghana revealed considerable root activity in the surface 7.5 cm soil
layer with maximum activity at 2.5 cm depth (IAEA, 1975). Root activity pattern of
cocoa'was studied by Wahid e a/. (1989b) and found that 85 per cent of the feeder
roots were found within an area of radius 150 cm around the tree. The vertical

spread of the roots indicated the maximum number of active roots at 30 cm depth.

Coconut

Studies made in Ceylon using radioisotope technique to determine the
efficiency of fertilization by coconut palms showed that the efficiency is greater
when placed 10 cm or lower than on surface at a lateral distance of 50 cm (Anon,
1969). The root activity was found to be more within a radius of 2 m at a depth of

10-45 cm. Radioisotope studies conducted in Philippines indicated that the zone of
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highest root activity lay at 15 cm depth and within one to two metre area around the .
tree(IAEA,1975). Balakrishnamurthy (1977) opined that the roots of coconut were
most active in the surface root to a depth of 10 cm. Anilkumar and Wahid (1988)
observed that in 9 year old coconut palm the major portion of root activity (83%)
lies within an area of 2 m radius around the palm. The vertical distribution of active
1oots (84.8%) was mainly confined to a depth of 60 cm below which root activity
declined sharply.

Venugopal (1997) observed that over 60 per cent of the roots explored
upto 30 cm-soil depth in sole and mixed coconut. About 50 per cent of the root
activity was found within a radial distance of 75 cm from the tree in both systems of
coconut. Arachchi (1998) opined that 76-80 per cent of the roots of adult coconut
palms were localized in a depth ranging from 20-100 cm with 15-20 per cent
confined to the top layer (0-20 cm) of soil,

01l palm

Experiments conducted in Malaysia on root activity pattern of young and
bearing oil palm shown that the highest root activity was in the soil surface at 3 m
lateral distance from the trunk (IAEA, 1975). About 70 to 80 per cent of active roots
were in 0-20 cm depth with 50-60 per cent being concentrated near the soil surface.
Studies conducted in Ivory Coast during dry season also revealed highest root
activity within 0-20 cm soil layer and close to the tree (IAEA, 1975). Omoti (1982)
showed that the active roots of oil palm were within the top 30 cm soil layer. The
root activity profile of the palm showed that 70-90 per cent of active roots were
located within 15-60 cm soil layer and 50-76 per cent within the 15-30 cm soil layer.

Rubber

Root activity studies conducted im Malaysia showed that the
active roots of rubber were mainly located within 3.7 m radius from the base.
It was also noticed that *?P uptake was more from the subsoil than
from top soil (Soong ef al, 1971). According to Sing ef al
(1972) root activity was less in top soil (0-15 cm) than in the subsoil (15-30 cm).
Soong (1976) in the evaluation of the vertical distribution of feeder roots found that



in most soils the greatest root proliferation was in the topsoil and the proliferation
decreased rapidlS/ with depth. The maximum root development was found to be in
February-March corresponding to the period of active refoliation and peak uptake of
moisture and nutrients by the tree. According to Chong-Qun Liu ‘(1984), rubber
seedlings showed highest root activity in 5-15 cm soil layer. For rubber trees of 10-
15, 25-30 and 50-55 cm girth, the highest root activity was found at the lateral
aistances of <30, 50-80 and 100-150 from the trunk up to a depth of 10-30 cm.

2.2 Root activity as influenced by variety/genetic make up

Varietal differences in root activity have been studied in many short
duration crops such as wheat (Subbiah and Oza, 1971), rice (Kamath, 1971) using
**p. Research work relating to this aspect in long duration crops is very limited.
Varietal differences in root activity have been reported in cocoa (IAEA, 1975). The
studies conducted with four cocoa varieties namely Amazon, Amelonado,
Amelonado x Amazon and Amazon x Amelonado has shown that the pattern of root
activity was similar for all the genotypes with highest root activity in the upper 7.5
cm soil layer. However the hybrid Amelonado x Amazon, the highest yielder among
the genotype studied, exhibited more intense root activity than the other genotypes.
IAEA (1975) observed that vegetatively propagated Arabica coffee in Kenya has
highest wet season activity at 82.5 cm distance and 15 cm depth, whereas seeded
Cattura coffee in Colombia showed highest activity at 30 cm distance to a depth of
15 cm. According to Avilan ef al. (1984) cultivar Tall Criollo was found to produce
moie roots than the cultivar Yellow dwarf. The lateral spread was alsio found to be
longer in the tall palms than in the Dwarf palms. Mohan and Rao (1985) reported
that in banana, cultivar Monthan recorded the highest root activity followed by

robusta and nendran.

Root activity was studied in two commercially grown grape varieties
viz., Petleite and Anab-e-shahi by Brar e/ al. (1986). It was found that Perlette had
maximum active roots at a depth of 50 cm while in case of Anab-e-shahi, the
maximum active roots were present at a depth of 20 cm. Perlette variety was more

efficient in the absorption of **P.



Rootstock can l'llg_aif}’ the root activity pattern of a plan{i. Kurien et al.
- (1992) showed that Kinnow mandasin grafted on Karna Khatta rootstock showed active
root spread upto 120 cm laterally and to a depth of 16-24 cm, while that on Troyer
citrange rootstock showed maximum root activity to a depth of 24 cm a'nd 80 cm away
from the plant. Kurien e/ al. (1993) studied the scionic influence on root activity in
Kinnow mandarin and acid lime on Karna Khatta root stock. The greatest root activity
of acid lime was found within a radial distance of 80 cm and to a depth of 16-24 cm
whereas in Kinnow considerable radio activity was observed at a radial distance of 120
cm. Genetic variability was not observed in root activity patterns of four cashew
genotypes, namely Anakkayam-ll, H-1598, H-1600 and V-5 (Bhaskar ez al., 1995).

2.3 Root activity as influenced by planting densiy

Plant spacing is found to have effect on the root activity of some crops.

Study on the root system of arecanut seedlings by Bavappa and Mathew (1960)
showed that spacing of seedlings had a marked influence on root production.
Although, the effect of spacing on root growth was not much conspicuous upto 30
cm x 30 cfn, wider spacings of 37.5 cm x 37.5 cm and 45 cm x 45 cm improved root
production and root growth considerably. Bhat and Leela (1969) studied the root
distribution pattern in relation to density of planting using eight year old arecanut
palms, Tt was found that 60-66 per cent of total roots were concentrated within 50
cm radius of the palm and more than 80 per cent of the total roots were within 1 to
1.25 m from the trunk. Though some roots extended laterally beyond 1.75 m, close
planted palms (1.8 m x 1.8 m) appeared to have greater tendency"to explore the
lower soil strata than those planted wider apart (3.6 m x 3.6 m). The maximum depth
of penetration of roots was 2.6 m with (:;»6.79 per cent of total roots observed within
-the first 50 cm layer of soil. The quantity of roots per unit volume of the soil
increased with increasing plant density whereas the calculated gross quantity of
roots produced per tree décreased with the increased density of planting. Rahaman
and Fareed (1977) reported that in tea the vertical growth of root was restricted with

an increase in plant population.

Effect of plant density on banana root system was studied by Mohan and
Rao (1984). It was found that the number of roots increased with increase in plant

density. Irrespective of cultivars the total root length of the large roois decreased
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with itcrease-in plant density whlle the length of fine roots increased with increase

in plant denstty The longest root of the medium sized roots were observed at the

closest spacing (1,55 x 1.55 m).

2.4. Root activity as influenced by planting method

The devel'opment of th'e foot system was found to be different for surface
planted and plt planted trees (Tsaluns and Northwood 1967). Surface planting
favoured the development of a better root system The plt planted trees on the other
hand tended to put,_forth mo_re roots in.the planting hole, fully explottmg the topsoil
in it. The surface. roots of such trees extended beyond the hiole and were thinner.
However in both the cases, the taptoots were strongly develop ed.

25 o '-Root‘coxﬁbeﬁfi‘on' in monoculture system

IAEA (1975) studied the intra specific root competmon in 8-9 year old
orange: trees by applymg 32P labelled fertilizer to the root zone of a ‘tree followed.
The absorbed radloactmty was assessed through radioassay of leaf samples
collected separately from the treated tree and 8 adjacent non-treated trees. It was -
found that the tree tredited w1th fertilizer has taken up about 50 per cent of the total
fertilizer utilized by (he nine trees- together The three adjacent trees account for
about 25 per cent of the-total fernhzer taken up and the remaining 2.)per cent of the .
fertilizer used is m the other five boider trees. An expenment was conducted at
Taiwan (IAEA,’ 1973) in 12 year old citrus tree to determine the extent to whmh root
systems of neighbouring trees intermingle. The study shown that about 80-90 per
cent of the total fertilizer pﬁliied by the treatcd'tree and the two cdjacent trees is
taken up by the treated tree.- Similat s'tudies were conducted by the IAEA (1975)
with cocoa in Ghana and observed that both'the treated tree and the eight contact
trees. surrounding-it: utthzed the P labelled fertilizer maximally whén applied at.120
em or 170 cm distance from the treated tree. Only 10 to 12 per cent of the total
fertilizer phosphate utilized is taken up by the treated tree. All border trees seem to
benefit equially fromi the fertlhzer apphed

Experiments-condticted with coffee trees in Columbia and Kenya , with
coconut palms in ,S_l_"ilanlta,_ and with .oilﬁalt'n in. Ivory coast clea,rlyfi;ndicated‘ that P
from labelled super phos'phate applied in a strip near the tree was not only taken up
by the-treated tree but also by the trees surrounding it.(IAEA,1975)



Matenials and methoc{s




3. MATERIALS AND METHODS

The present investigation carried out with a view to study the root activity
in pineapple was conducted in the Department of Pomology and Floriculture, College

of Horticuliure, Vellanikkara, Thrissur during the year 1999-2001.

The experimental field is located at 10°32° N latitude and 76°16° E
longitude at an altitude of 22-25 m above mean sea level. The location enjoys a

warm humid tropical climate throughout the year. The soil type is lateritic.

In the present study, attempts have been made to study the root activity
and to ‘determine the uptake of **P by pineapple root system under two different
systems of planting. The studies undertaken during the course of the investigation

are as follows:

= Root activity studies in pineapple
o Uptake of the radioactive phosphorus by two varieties of pineapple under

different systems of planting.

Details of the materials used and methodologies adopted are discussed

below.

3.1 Experimental material

Kew and Mauritius, the two commercially grown pineapple varieties of
Kerala formed the materials for the study. Healthy and uniform sized suckers of the
variety Kew was procured from Pineapple Research Station, Vellanikkara and that

of Mauritius from Vazhakkulam, the major pineapple growing tract of Kerala.

3.2 Experiment 1: Root activity studies in pineapple

In this experiment, the main objective was to determine the active root

zone of pineapple.

240



21

3.2.1 Design and layout

The experiment was laid out in split plot design with three replications.
Single plants were considered as experimental units. The layout plan is shown in

Fig. 1. and a general view of the experimental plot is given in Plate 1.

3.2.2, Detajls of treatments

The treatments consisted of two varieties and two methods of planting in

the main plot and sixteen combinations of P placement in the sub plot.

Main plot treatments
a) 'Varieties ‘
1. Kew (Vy)
2. Mauritius (V)

b) Method of planting
1. Surface method (M)
2. Trench method (M)

Main plot treatment combinations: 2 x 2 =4

Sub plot treatments (Placement of *%p)
a) Lateral distance (L)
1. 15 cm (Ly)
2.30 cm (Ly)
3. 45 cm (L3)
4. 60 cm (L4)
b) Depth (D)
1. 15 cm (Dy)
2. 30 cm (D)
3. 45 tm (Ds)
4. 60 cm (Dy)

Sub plot treatment combinations: 4 x 4 = 16



Fig, 1. Lay out plan of Experiment
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Plate 1. A general view of the experimental plot



The procedure followed for the allocation of various treatments to

different plots was in accordance with random number table.

3.2.3 Land preparation and planting

The land was cleared, ploughed and levelled. Trenches of depth 15 cm,
length 5 m and width 90 cm were prepared, aligned at a distance of 150 cm from
centre to centre. Suckers of Kew and Mauritius were planted on surface (Plate.2.)
and in trenches (Plate.3.) and also on surface in single rows. A wider spacing of 1.5

m x 1.5m was given between plants to allow the growth of roots.

3.2.4 Cultural and management practices

The cultural and management operations were done according to the
Package of Practices Recommendations of the Kerala Agricultural University

(KAU, 1996).

3.25 Mode of 32P application
L%

The soil 'in]ecti.on of TP around the plants was gi.ven six months after
planting at the peak vegetative stage. The area around the experimental plants was
cleared oft' weeds. Six equidistant holes were dug around each plant in a circle
according to the treatments mentioned above. The holes were then plugged by
inserting suitable PVC tubes of slightly longer length, so that about 10 cm portion of
the tube is above the ground level. This is illustrated in Fig.2 and Plate 4. The open

end of the tube was covered with plastic cover to prevent filling up in the event of

rain.

Injection of the desired volume of P into the soil was done with a field
dispenser fabricated exclusively for soil injection of 32P (Wahid et al., 1988). At the
time o?mP appli.cation, the plastic caps were removed from the tubes and 3 ml of the
radioactive solution prepared in a carrier solution of 1000 ppm P as potassium
dihydrogen orthophosphate was applied into each tube. The total activity applied per
plant was 0.5 mCi (18.5 MBq), which necessitated a total of 96 mCi for 192 plants.
The inclusion of carrier in the radioactive solution was to minimise the fixation of

%p by soil through isotopic exchange (IAEA, 1975). The method of application



Fig. 2. Method of s2P application in Experiment |

e Treated plant

O Soil holes for 32P application



Plate 4. Pineapple plant showing sites of application of ~P along with PVC tubes
and the soil injection device

Plate 5. Method of P application in Experiment 1



followed is shown in Plate 5. After application, the radioactivity remaining on the

inner side of the tube was washed down with ajet of about 20 ml water.

3.2.6 Leaf sampling

The leaves weresampled fromthe treated plants.The ‘D’ leaf, which is
the fourth leaf from the top, wastaken for analysis (Raoat a/.,1977).  The first
sampling v/as done fifteen days after the application of 32P and the subsequent

samples were taken at 15 days interval for a period of 45 days.

3.2.7 Radio assay

The leaf samples collected were dried in hot air oven at 70-80°C. One
gram of the finely powdered samples was digested in diacid mixture containing
nitric acid and perchloric acid in 2:1 ratio. The digest was then transferred to a
scintillation counting vial with distilled water upto a volume of 20 ml. They were
then radio assayed by Cerenkov counting technique (Wahid et al., 1985) in a liquid
scintillation system. The count rates were corrected for decay to a common reference
tin e after background correction. The percentage of active roots at different zones

was also calculated.

2P recovery from that zone

ft/ 77 1
% of’ acuve roots at particular zone = x 100

Total “P recovered from all the zones

3.2.8 Root excavation studies

Healthy plants from four main plot treatments were used for taking root
observation. The whole plant was uprooted at vegetative stage without disturbing the
root system. After digging out the plant the leaf portion was removed leaving a small
portion of it on the stem. It was then washed in running water without injuring the
roots. After removing all the soil particles and dirt adhering to it, observations were
made on number, length and diameter of roots. The fresh and dry weights of the

roots were also recorded.



3.3 Experiment 2. Uptake of radio phosphorus by two varieties of

pineapple under different systems of planting

The second experiment was carried out with a view to evaluate the root
level competition of pineapple by studying the uptake of 3P under two different

systems of planting.

3.3.1 Design and layout

The experimental design was Factorial Randomised Block Design with
eight treatments and three replications. The layout plan of the experiment is given in

Fig.3 and a general view of the experimental plot is given in Plate.6.

3.3.2 Details of treatments

The details of treatments are given below.

Varieties :2 (Kew and Mauritius)
Planting density :2 (High density and low density)
Method of planting :2 (Surface planting and Trench planting )

Total number of treatments :2x2x2=8
Depth of 12P application : 15 cm and 30cm

Lateral distance :15 cm and 30 cm

Treatment details

ViPiMi - Kew variety + High density planting + Surface method
ViP2M] - Kew variety + Low density planting + Surface method
ViPiM2 - Kew variety + High density planting + Trench method
ViP2M2 - Kew variety + Low density planting+ Trench method
V2P|Mi - Mauritius variety + Highdensity planting +Surface method
V2P2M1 - Mauritius variety + Low density planting + Surface method
V2P1M2 . Mauritius variety + High density planting + Trench method

V2P2M2 - Mauritius variety + Low density planting + Trench method

21+



Fig. 3. Layout plan of Experiment 2
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Plate 6. A general view of the field in Experiment Il



3.3.3 Land preparation and planting

The land was cleared, ploughed and levelled. Uniform suckers of Kew
and Mauritius were planted on surface level and in trenches High density planting
as per Package of Practices Recommendation of Kerala Agricultural University
(KAU, 1996) as well as low density planting as per farmer’s practice (20,000 plants

per ha) were the systems of planting adopted.

Trenches of width 90 cm and length 2.8 m aligned at a distance of 165
cm from centre to centre were made for high density planting. In the case of low
density planting trenches of same dimensions were made at a distance of 190cm
from centre to centre. Double row system of planting was adopted. There were 80
plants per treatment under high density planting which were planted at a spacing of
30 cm between plants and 70 cm between the rows. Low density planting included
60 plants per treatment and they were planted at a spacing of 45 cm between plants

and 70 cm between rows.

3.3.4 Cultural and management practices

The cuitural and management practices including fertilizer application,
irrigation, weeding, ethrel application etc. were done according to Package of
Practices Recommendations of Kerala Agricultural University (KAU, 1996) as

explained in Experiment 1

3.3.5 Mode of 32P application

In the second experiment, soil application o f'"P was done based on the
results of Experiment 1. The P was applied in two lateral distances of 15 and 30
cm and 2 depths of 15 and 30 cm, thus constituting four combinations of placement
of 3P for a single plant. In each treatment the central plant was given the soil
injection of 32P. For the application of 32P, two circular rings of varying radii (15 and
30 cm) were made in the plant base. In each circle four equidistant holes of alternate
depths (15 and 30 cm) were made as illustrated in Fig. 4. so that all the roots got
equal chance of 32P absorption (Plate.7 ). In the holes dug, PVC access tubes of
suitable length were inserted with about 10-15 cm above the ground level and the

open ends were closed with polythene cover. At the time of 32P application, the



Fig.4. Method of 32P application in Experiment Il

Dj - 15 cm depth
D2- 30 cm depth
Li - 15 cm lateral distance
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Plate 7. Method of :P application in Experiment Il



polythene cover was removed and 3 ml of radioactive solution prepared in a carrier
solution of 1000 ppm P was applied into each tube as described earlier so that the
total activity applied per plant was 0.5 mCi which necessitated a total of 12 mCi for

the 24 treated plants.

3.3.6 Leaf sampling

‘D’ leaf was used for analysis. It was taken from the treated plant and
also from the surrounding non treated plants. In high density system of planting ‘D’
leaf was taken from the remaining 15 neighbouring plants in the same trench and in
low density system there were only 11 plants. Sampling was done on 30th day of

application of P based on the observations made in Experiment 1

3.3.7 Radioassay

For the determination of 32P activity in the leaf sample, Cerenkov
counting technique using liquid scintillation system was adopted. The procedure
followed was same as explained in Experiment |.The percentage of absorption by
the treated plant and the surrounding plants were also calculated for each treatment

to know the sharing of activity by the plants.

% of absorption of activity in a plant = P rReQVERy HOm Haf plant A joQ
Total <P recovered from all the plants

3.4 Observations
3.4.1 Observations recorded for root excavation studies

The following observations regarding the root characterswere taken for

the main plot treatments in Experiment 1

3.4.1.1 Length of the root: Mean length of all the roots were recorded foreach

treatment and expressed in centimeters.

3.4.1.2 Diameter ot the root: Mean diameter of the roots were recorded for each

treatment and expressed in centimetres.



3.4.13

34.14

3.4.2

3421

3.4.2.2

3.4.2.3

3.4.3

3431

Weight of the root: The mean fresh weight and dry weight of the roots

were recorded for each treatment and expressed in grams.

Total number of roots: The total number of roots per plant was recorded

for each treatment.

Vegetative characters

The following observations were recorded for Experiment II.

Total number of leaves: The total number of leaves were recorded at six

months after planting

Plant height: The height of the plant from ground level to the longest leaf

was measured at six months after planting and expressed in centimeters.

Length and breadth of ‘D’ leaf: The ‘D’ leaf (4th leaf from the top) was
taken out and length and breadth were recorded at six months after
planting
Flowering characters

The following observations were recorded for Experiment II.

Days for initiation of flowering

The number of days taken for the appearance of reddish colour at the

centre of the plant was recorded for each treatment.

3.4.3.2

Days for 50 per cent flowering

The mean number of days taken for the emergence of inflorescence in 50

per cent of the plants in each treatment was recorded.

3.4 33

Flowering phase

For each treatment, the number of days taken from the opening of the

first flower to the opening of the last flower in an inflorescence was recorded.



3.5 Statistical analysis

Statistical analysis was done using Mstat-C package. The data were
statistically analysed by applying the analysis oi variance. In view of the wide
variability in count rates, the data were subjected to log transformation prior to

ANOVA.



Results



4. RESULTS

The results of the experiment conducted to study the root activity in
pineapple and also the uptake of 32P by two varieties of pineapple under different

systems of planting are presented in this chapter.

4.1 Pattern of 32P absorption by pineapple

4.1.1 Recovery of 32P in the leaves of pineapple 15 days after application

The data on the recovery of 32P in the leaves of pineapple 15 days after
its application are furnished in Table 1 The data indicated that there was no
significant difference between the main plot treatments (variety x method of
planting). However, the variety Mauritius grown under surface method (V2M))
showed highest absorption of 32P followed by variety Kew grown under surface
method (VIM 1) . When the lateral distance and depth were considered it was found
that there was significant difference between the treatments. The maximum recovery
of 32P in the leaves was obtained from the treatment L1D 1 (15 cm lateral distance and
15 cm depth) and was found to be significandy superior to all other treatments. The
next best 32P count was obtained from the treatment L2D 1(30 cm lateral distance and
15 cm depth) which was on par with the treatment L1D2 (15 cm lateral distance and
30 cm depth). The treatment L4D3 (60 cm lateral distance and 45 cm depth) recorded

the lowest count and was on par with L4D4 (60 cm lateral distance and 60 cm depth).

The interaction effect was found to be non significant. However, out of
64 treatments maximum recovery of P was obtained when it was applied to
Mauritius grown under trench planting followed by Kew grown under trench
planting at a lateral distance of 15 cm and a depth of 15 cm. When 32P was applied
to Kew grown under surface planting (VjMi) showed the highest uptake from a zone
of 15 cm depth and 15 cm away from the plant followed by L3D1 (45 cm lateral
distance and 15 cm depth}. The Iowest'TgP count was obtained from L2D4 (30 lateral
distance and 60 cm depth). The variety Kew when grown under trench method
(VIM2) showed the highest uptake of 32P in LjDi followed by L1D2 and the

treatment L4D4 recorded the lowest recovery of 32P. It was also found that when



Table 1 Recovery of 3P (dpm/g) in the leaves of pineapple 15 days after application

*Recovery of 32P (dpm/g leaf)

Sub plot Main plot treatments
Treatments VM1 VijM2 VM1 V2M2
LiD, 3.105 3.192 3.143 3.207
(1273.50) (1555.966)  (1389.953)  (1610.646)
LIPi o 2.124 2.669 2.536 2.586
(133.045) (466.659) (343.558) (385.478)
1,d3 1.506 1.326 1.590 1.071
(32.062) (21.184) (38.905) (11.776)
L1D4 1.083 1.267 2.095 1.302
(12.106) (18.493) (124.451) (20.045)
I 2d, 2.511 1.665 * 2.966 2.950
(324.339) (46.238) (924.698) (891.251)
L2D2 1.587 1.575 0.913 1.657
(3P.637) (37.584) (8.185) (45.394)
L2D3 1.196 1.308 1.149 1.941
(15.704) (20.324) (14.093) (87.297)
L2D4 0.581 0.771 1.526 0.589
(3.811) (5.902) (33.574) (3.882)
| 3d, 2.593 1.806 2.524 1.708
(391.741) (63.973) (334.19) (51.051)
L3D2 1.772 1.134 1.573 1.001
(59.156) (13.614) (37.411) (10.02)
L3D3 0.938 1.834 1.028 1.477
(8.669) (68.234) (10.665) (29.992)
L3D4 1.111 1.429 1421 0.946
(12.912) (26.853) (26.363) (8.831)
L4DlI 1.286 1.577 0.927 1.283
(19.319) (37.757) (8.453) (19.187)
L4D2 1.293 0.977 0.709 0.542
(19.634) (9.484) (5.116) (3.483)
L4D3 0.908 0.418 0.276 0.488
(8.091) (2.618) (1.888) (3.076)
L4D4 1.046 0.383 0.745 0.971
(11.117) (2.415) (5.559) (9.354)
Mean 1.54 1.459 1.570 1.486

CD (0.05) for comparison of

Main plot treatments (Variety (V) x Method of planting (M) - NS

Sub plot treatments

Interaction effect (VM x LD)

*Log transformed values
Values in paranthesis indicate retransformed values

(Lateral distance (L) x Depth (D)

-0.361
- NS

Mean
3.162

2.479
1.373
1.437
2.523
1.433
1.398

0.867)
2.173
1.370
1.319
1.227
1.268
0.885
0.523

0.786



variety Mauritius grown under surface planting as well as trench planting the highest

value of 32P counts were observed in LjDi followed by L2Di and the least counts

from L4D4.

The data presented in Table 2 and Fig 5 shows the recovery of 3P after
15 days of its application as influenced by lateral distance and depth. When lateral
distance alone was considered irrespective of depth, variety and method of planting
it was found that the maximum absorption of 3*P was from a lateral distance of 15
cm which was found to be significantly superior to all other lateral distances tried.
The 32P counts obtained from lateral distances of 30 cm and 45 cm were on par. It
was also found that some absorption took place at 60 cm away from the plant. It was
noticed from the table that there was significant difference between the various
depth considered. The maximum 32P count was obtained from 15 cm depth which
was significantly superior to all other depths tried. The next best recovery of P was
from a depth of 30 cm. As the depth increased from 15 to 60 cm the recovery of ¥p

was found to decrease with the least from a depth of 60 cm.

4.1.2 Recovery of32P in the leaves of pineapple 30 days after application

The mean 32P counts obtained in the leaves of pineapple 30 days after its
apphcation are given in Table 3. It was seen that there was no significant difference
between the main plot treatments V|Mi (Kew grown under surface planting),
V|M2(Kew grown in trenches), V2Mi( Mauritius grown under surface method),
V2M2(Mauritius grown in trenches) with regard to P uptake. However the highest
value was shown by variety Mauritius grown under surface planting (V2Mi). When
combination of lateral distance and depth was considered it was observed that the
highest value o f' P count was obtained when P was placed 15 cm away from the
plant at a depth of 15 cm (LjDi) and was found to be significantly superior to all
other treatments. The treatment L1D2 and L2Di showed the next best counts of 32P
and were on par. The lowest value was recorded by the treatment L4D4 which was

significantly inferior to all other treatments except L2D4.

The interaction effect was also found to be significant. Out of the 64
treatments highest absorption was obtained when 32P was applied to a lateral

distance of 15 cm at a depth of 15 cm, to the variety Kew grown under surface



lable 2. Recovery of 32P(dpm/g) in the leaves of pineapple at 15 days after
application as affected by lateral distance and depth

*Recovery of 32P(dpm/qg leal)

Depth(cm) Lateral distance (cm)
15 30 45 60 Mean
15 3.162 2.523 2.173 1.268 2.281
(1452.112) (333.426) * (148.936) (18.535)
30 2.479 1.433 1.370 0.885 1.542
(301.30)__ (27.102) (23.442) (7.674)
45 1.373 1.398 1.319 0.523 1.153
(23.605) (25.003) (20.845) (3.334)
60 1.437 0.867 1.227 0.786 1.079
(27.353) (7.362) (16.866) (6.109)
Mean 2.113 1.555 1.522 0.866

CD(0.05) for comparison of

Lateral distance -0.181
Depth -0.181

*Log transformed values
Values in paranthesis indicate retransformed values
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Table 3. Recovery of 32P (dpm/g ) in the leaves of pineapple 30 days after
application
#Recovery of'@P(dpm/g leaf)
Sub plot r Main plot treatments
Treatments V ,Mi v,m2 v 2m, V2M?2
LjDi 3.338 2.819 2.961 3.265
(2117.709) (659.174) (914.113) (1840.772)
1,d?2 2.193 2.696 2.718 2.605
(155.955) (496.592) (522.396) (402.717)
1,d3 0.774 1.326 1.504 1.672
(5.943) (21.184) (31.915) (46.989)
1,d 4 0.685 0.608 1.221 1.321
(4.842) (4.055) (16.634) (20.941)
l2d, 2.702 1.638 2.666 2.961
(50.35) (43.451) (463.446) (914.113)
l2d 2 1.504 0.984 1.789 2.389
(31.915) (9.638) (61.518) (244.906)
l2d3 0.613 1.625 2.342 1.878
(41.102) (217) (219.785) (75.509)
I 2d 4 0.313 0.381 1.067 0.679
(2.056) (2.404) (11.668) (4.775)
| 3d, 2.971 2.248 2.449 1.660
(935.406) (177.01) (281.19) (45.709)
L3l)2 1.618 0.846 1.867 1.240
(41.495) (7.015) (73.621) (17.378)
13d3 1.010 1.746 1.209 1.681
(10.233) (55.719) (16.181) (47.973)
1 3d4 1.095 1.067 1.028 0.677
(12.445) (11.668) (10.666) (4.753)
L4Di 1.151 1.361 1.689 1.057
(14.158) (22.961) (48.865) (11.402)
1 4d 2 1.210 1.101 1.257 1.18
(16.22) (12.618) (18.072) (15.136)
| 4d 3 1.011 1.051 1.059 1.041
(10.257) (11-25) (1 1.455) (10.99)
1 4d 4 0.807 0.425 0.354 0.618
(6.412) (2.661) (2.259) (4.149)
Mean 1.437 1.370 1.699 1.620

CD (0.05) for comparison of

Main plot treatments (Variety (V) x Method of planting (M) - NS

Sub plot treatments
Interaction effect (VM x LD)

*Log transformed values
Values in paranthesis indicate retransformed values

(Lateral distance (L) x Depth (D)

- 0.367
- 0.735

Mean
3.096

2.553

1.319

0.959

2.492

1.666

1.615

0.610

2.332

1.393

1.412

0.967

1.315

1.187

1.040

0.551

33



planting which was on par with Kew and Mauritius grown under trench planting and
Mauritius grown under surface planting. The variety Kew, grown under surface
planting (ViM]) showed highest recovery of the applied 32P from LiDi. The next
best counts were obtained from the treatments LsD1 (45 cm lateral distance and 15
cm depth) and L2D1 and were on par. The uptake of 32P was found to be minimum at
L2D4 and was on par with the treatments LiD4 and Ls4Ds (Table 3). The highest
absorption o f32P by the same variety when grown in trenches was observed to be for
the treatment L]D| followed by LiD2 and L3D 1. The least counts of 32P was obtained
from a lateral distance of 30 cm at 60 cm depth (L2D4) and was on par with the
treatments L4aD4 and LiD4 (15 cm lateral distance and 60 cm depth). It was observed
from the table that the variety Mauritius grown under surface method of planting
(V2M1) showed the highest recovery of 32P in a soil zone constituting 15 cm lateral
distance and 15 cm depth. The next best counts were noticed at LiD2 and L2D1. The
minimum amount of 32P recovery was observed at LsDs4 and was on par with the
treatments LsDs and L4Ds. Mauritius variety grown under trench method produced
the highest recovery of 32P at LiD1 and was on par with the treatments L2D1 and
LiD2. The lowest recovery of 32P was noticed from LsD4 and was found to be on par

with the treatments LsDs4 and L2Da.

Data pertaining to the recovery of 32P by pineapple 30 days after
application as affec.ed by lateral distance and depth is presented in Table 4 and Fig.
6. It was seen from the data that the lateral distance and depth differ significantly.
When the lateral distance alone was considered it was observed that the highest
recovery of 32P was from 15 cm followed by 30 cm. At 60 cm lateral distance the
absorption was found to be very less. The uptake of 32P from 15 cm lateral distance
was significantly superior to all other lateral distances tried. The absorption from 30
cm and 45 cm lateral distances were on par. Absorption of P from 15 cm depth
was found to be significantly superior and the least uptake was obtained from a
depth of 60 cm (Table 4). The recovery of 32P from 30 cm and 45 cm depth were

found to be on par.

4.1.3 Recovery of 32P in the leaves of pineapple 45 days after application

Data pertaining to the recovery of 32P in the leaves of pineapple 45 days

after its application are presented in Table 5 The data revealed that there was no



Table 4. Recovery of 3P (dpm/g)in the leaves of pineapple at 30 days after
application as affected by lateral distance

*Recovery of 32P(dpm/g leaf)

Depth(cm) Lateral distance (cm)
15 30 45 60 Mean
15 3.096 2.492 2.332 1.315 2.309
(1247.383) (310.456) (214.783) (20.654)
30 2.533 1.666 1.393 1.187 1.695
(341.193) (46.345) (24.717) (15.382)
45 1.319 1.615 1.412 1.040 1.346
(20.845) (41.209) (25.823) (10.965)
60 0.959 0.610 0.967 0.551 0.772
(9.099) (4.074) (9.268) (3.556)
Mean 1.98 1.59 1.526 1.023

CD (0.05) for comparison of

Lateral distance -0.183
Depth -0.183

*Log transformed values
Values in paranthsis indicate retransformed values
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Table 5. Recovery of 32P (dpm/g) in the leaves of pineapple 45 days after

application
*Recovery of ,2P(dpm/g leaf)
Sub plot Main plot treatments
Treatments ViM1 ViM2 V2M, V2M?2 Mean
LiD, 2.365 2.378 2.776 2.973 2.623
(231.739) (238.781) (597.035) (939.72)
l,d?2 1.500 1.872 2.434 2.208 2.004
(31.623) (74.473) (271.64) (161.44)
LiD3 1.440 1.212 0.929 1.368 1.238
(27.542) (16.293) (8.491) (23.334)
L1D4 0.774 1.435 1.449 1.199 1.214
(5.943) (27.227) (28.119) (15.812)
I 2d, 2.321 1.644 2.553 2.470 ' 2.247
(208.411) (46.132) (357.27) (295.12)
| 2d 2 0.844 1.431 1.411 1.590 1.319
(6.982) (26.977) (25.763) (38.905)
L2D3 0.459 1.303 1.752 1.557 1.268
(2.877) (20.09) (56.494) (36.058)
| 2d 4 1.128 0.625 1.087 1.273 1.028
(13.428) (4.217) (12.218) (18.749)
| 3d, 2.082 1.621 2.127 1.702 1.883
(120.781) (41.783) (133.968) (50.35)
| 3d2 1.376 1.321 1.780 1.233 1.427
(23.768) (20.94) (60.256) (17.1)
13d3 1.300 1.583 1.408 1.766 1.514
(19.953) (38.282) (25.59) (58.344)
| 3d 4 1.211 1.123 0.966 0.915 1.054
(16.255) (13.274) (9.247) (8.222)
L4Dj 1.009 0.850 1.762 0.641 1.065
(10.209) (7.079) (57.81) (4.375)
| 4d 2 0.969 1.298 1.109 1.034 1.103
(9.311) (19.86) (12.853) (10.814)
L4D] 1.247 1.170 1.086 1.265 1.192
(17.66) (14.791) (12.189) (18.408)
| 4d 4 1.077 0.897 0.343 0.930 0.812
(11.939) (7.889) (2.203) (8.511)
Mean 1.319 1.360 1.561 1.508

CD (0.05) for comparison of

Main plot treatments (Variety (V) x Method of planting (M) - NS
Sub plot treatments (Lateral distance (L) x Depth (D) - 0.338
Interaction effect (VM x LD) - 0.676

*Log transformed values
Values in paranthesis indicate retransformed values



Table 5. Recovery of 3P (dpm/g) in the leaves of pineapple 45 days after

application
*Recovery of *%2P(dpm/g leaf)
Sub plot Main plot treatments
Treatments V,Mi v,m?2 V2Mi V2M2 Mean
LiD, 2.365 2.378 2.776 2.973 2.623
(231.739) (238.781) (597.035) (939.72)
1,d2 1.500 1.872 2.434 2.208 2.004
(31.623) (74.473) (271.64) (161.44)
1,d 3 1.440 1.212 0.929 1.368 1.238
(27.542) (16.293) (8.491) (23.334)
L1D4 0.774 1.435 1.449 1.199 1.214
(5.943) (27.227) (28.119) (15.812)
I 2d, 2.321 1.644 2.553 2.470 *2.247
(208.411) (46.132) (357.27) (295.12)
0.844 1.431 1.411 1.590 1.319
(6.982) (26.977) (25.763) (38.905)
| 2d 3 0.459 1.303 1.752 1.557 1.268
(2.877) (20.09) (56.494) (36.058)
| 2d 4 1.128 0.625 1.087 1.273 1.028
(13.428) (4.217) (12.218) (18.749)
I 3d, 2.082 1.621 2.127 1.702 1.883
(120.781) (41.783) (133.968) (50.35)
| 3d2 1.376 1.321 1.780 1.233 1.427
(23.768) (20.94) (60.256) (17.1)
| 3d 3 1.300 1.583 1.408 1.766 1.514
(19.953) (38.282) (25.59) (58.344)
| 3d 4 1.211 1.123 0.966 0.915 1.054
(16.255) (13.274) (9.247) (8.222)
L4D 1 1.009 0.850 1.762 0.641 1.065
(10.209) (7.079) (57.81) (4.375)
| 4d 2 0.969 1.298 1.109 1.034 1.103
(9.311) (19.86) (12.853) (10.814)
L4Dj 1.247 1.170 1.086 1.265 1.192
(17.66) (14.791; (12.189) (18.408)
| 4d 4 1.077 0.897 0.343 0.930 0.812
(11.939) (7.889) (2.203) (8.511)
Mean 1.319 1.360 1.561 1.508

CD (0.05) for comparison of

Main plot treatments (Variety (V) x Method of planting (M) - NS
Sub plot treatments (Lateral distance (L) x Depth (D) -0.338
Interaction effect (VM x LD) -0.676

*Log transformed values
Values in paranthesis indicate retransformed valuts



significant difference between the main plot treatments VIM1 VIM2, V2Mi and
V2M 2. However highest recovery was tound in V2Mi. Regarding lateral distance and

depth there was significant difference between the treatments.

It was observed from Table 5 that the placement of 32P at 15 cm depth
and 15 cm away from the plant (L1D 1) recorded the maximum 32P count followed by
L2Di and L]D2 . The data indicated that the treatment L1D1 was significantly
superior to all other treatments while LiD2 was on par with L2Dj. The treatment
L4D4 resulted in the lowest value which was on par with the treatment L2D4 and

significantly inferior to all other treatments.

The interaction was also found to be significant. Out of the 64 treatments
highest absorption was obtained when 32P was applied to a lateral distance of 15 cm
at a depth of 15 cm, to the variety Mauritius grown under trench planting which was
on par with Kew grown under surface and trench planting and Mauritius grown
under surface planting. In the main plot treatment VIM 1, uptake of '2P was found to
be the highest at LjDj followed by L2Di and L3D1. All these treatments were found
to be on par. The lowest 32P count was obtained from L2D3 (60 cm lateral distance
and 30 cm depth). The variety Kew when grown under trench method of planting
(ViM 2) the highest value of 32P count was observed in L|Di followed by LjD2 and
L2Di and were found to be on par. The placement of 32P at L2D4 recorded the lowest
count for ViM2, which was on par with L4Dj (60 cm lateral distance and 15 cm
depth) and L4D4. In both the main plot treatments V2Mi and V2M2 the highest
recovery of 32P was from LjD| followed by L2D| and LiD2 These values were found
to be on par. The main plot treatment V2Mi showed the lowest value of ¥P at L4D4 .
While in V2M2 the lowest value of 32P uptake was recorded by L4Di and was on par
with L3D4 and L4DA4.

Data on the recovery of 32P by pineapple as affected by lateral distance
and dNepth is presented in Table 6 and Fig.7. \jNhen the lateral distance alone was
considered it was found that the absorption of 32P was significantly higher at a
distance of 15 cm from the plant with the least at 60 cm away from the plant. The
recovery of 32P from 30 cm and 45 cm lateral distance were on par. With respect to

various depths considered, 15 cm depth showed highest 32P recovery followed by 30



Table 6. Recovery of 32P (dpm/g)in the leaves of pineapple at 45 days after
application as affected by lateral distance and depth

*Recovery of ,2P(dpm/g leaf)

Depth(cm) Lai.eral distance (cm)
15 30 45 60 Mean
15 2.623 2.247 1.883 1.065 1.955
(419.759) (176.604) (76.384) (11.614)
30 2.004 1.319 1.427 1.103 1.463
(100.925) (20.845) (26.730) (12.676)
45 1.238 1.268 1.514 1.192 1.303
(17.298) (18.535) (32.658) (15.559)
60 1.214 1.028 1.054 0.812 1.027
(58.884) (10.666) (11.324) (6.486)
Mean 1.77 1.466 1.469 1.043

CD(0.05) for comparison of

Lateral distance - 0.169
Depth -0.169

*Log transformed values
Values in paranthesis indicate retransformed values
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cm depth. The uptake of 32P from 15 cm depth was found to be significantly superior

to other depths tried. However some absorption look place at a depth of 60 cm.

4.1.4 Pattern of 32P absorption as influenced by variety and method of

planting

Recovery of 32P as influenced by variety and method of planting at

different sampling intervals is given in Table 7.

Data revealed that there was no significant difference between the two
varieties or method of planting. However the variety Mauritius recorded the highest
absorption of 32P at all the sampling intervals. Eventhough maximum 32P count was
obtained in the surface method of planting, no significant difference was noticed

between the method of planting .

4.2 Pattern of root activity
4.2.1 Pattern of root activity in pineapple 15 days after 32P application

Data pertaining to the percentage distribution of active roots in pineapple
. . . . s o K7
irrespective of variety and method of planting 15 days after application of ~ P as

influenced by lateral distance and depth are furnished in Table 8 and Fig. 8.

When the different lateral distances alone were considered 67.08 per cent
of the active roots were seen 15 cm away from the plant followed by 30 cm distance,
which contributed 20.67 per cent of the roots. The root activity at a lateral distance
of 60 cm was found to be only 1.59 per cent. When depth alone was considered
maximum root activity was observed from a soil depth of 15 cm (79.24%) followed
by 30 cm depth (14.11%). Only 2.76 per cent of the root activity was seen at 60 cm
depih. It was observed from the table that when the combination of lateral distance
and depth was considered the most active root zone of pineapple was noticed to be
15 cm away from the plant reaching to a depth of 15 cm (52.82%) followed by the
soil zone comprising 30 cm lateral distance and 15 cm depth (17.88%). The active

roots were very less (0.15%) at a lateral distance of 60 cm and depth of 45 cm.



Table 7. Recovery of 32P(dpm/g leaf) as influenced by variety and method of planting at different sampling intervals

15 da>'s after application

Kew Mauritius Mean
Surface 1.54 1.57 1.555
method (34.674) (37.154) (35.892)
Trench 1.459 1.486 1.473
method (28.774) (30.619) (29.717)
Mean 1.50 1.528 1.514

CD(0.05) for comparison of

Variety (V) - NS
Method of planting (M) - NS
Interaction effect - NS

*Log transformed values

Values in paranthesis indicate retransformed values

*Recovery of gP(dpm/g leaf)
30 da /s after application

Kew Mauritius Mean
1.437 1.699 1.568
(27.353) (50.003) (36.983)
1.370 1.620 1.495
(23.442) (41.687) (31.261)
1.404 1.659 1.532

45 days after application

Kew Mauritius Mean
1.319 1.561 1.44
(20.845) (36.392) (27.542)
1.360 1.508 1.434
(22.909) (32.211) (27.164)
1.339 1.534 1.437

Overall
mean
1.521
1.467

1.494



TableS. Root activity (%) of pineapple at 15 days after 3'P application as
influenced by lateral distance and depth

Root activity (%)

Depth Lai.eral distance (cm)

(cm) 15 30 45 60 Total
15 52.82 17.88 7.73 0.81 79.24
30 11.89 1.22 1.13 0.37 14.61
45 0.95 1.17 1.12 0.15 3.39
60 1.42 0.40 0.68 0.26 2.76

Total 67.08 20.67 10.66 1.59

Table 9. Root activity(%) of variety of Kew grown under surface method 15 days
after 32P application

Root activity(%)

Depth Lateral distance (cm)

(cm) 15 30 45 60 Total
15 53.87 13.72 16.56 0.82 84.978
30 5.63 1.63 2.50 0.83 10.591
45 1.37 0.67 0.37 0.34 2.750
60 0.51 0.16 0.55 0.47 1.691

Total 61.38 16.18 19.98 2.46

Table 10. Root activity (%) of variety Kew grown under trench method at 15 days
after 32P application

Root activity (%)

Depth Lai eral distance (cm)

(cm) 15 30 45 60 Total
15 64.90 1.93 2.67 1.57 71.07
30 19.47 1.57 0.57 0.39 22.00
45 0.88 0.85 2.85 0.11 4.69
60 0.77 0.25 1.12 0.10 2.24

Total 86.02 4.60 7.21 2.17



15 30 45 60 15 30 45

Lateral distance (cm) Depth (cm)

g 8 Root adtivMity (%) of piregplie 15 days afta 3P gplication s
influac=d by EHad distarce and degpoth

60



4211 Pattern of root activity in pineapple variety Kew grown under

surface planting 15 days after 32P application

The percentage distribution of active roots at various lateral distances and
depths of variety Kew grown under surface planting is presented in Table 9. The
data showed that the highest percentage of root activiy (61.38%) w’as observed 15
cm away from the plant and the least (2.46%) 60 cm away from the plant. The
lateral distance of 30 cm contributed 16.18 per centage . With respect to depth,
84.97 per cent of the root activity was seen confined to a depth of 15 cm followed by
3C cm (10.59%). As the depth increased from 45 to 60 cm, the root activity

decreased from 2.75 per cent to 1.69 per cent. o

With respect to combination of lateral distance and depth the most active
root zone was seen 15 cm away from the plant and to a depth of 15 cm with 53.87
per cent of the active roots concentrating there. This was followed by the soil zone
constituting 45 cm lateral distance and 15 cm depth, which accommodated 16.56 per
cent of the root activity. The minimum root activity (0.16%) was observed 30 cm

away from the plant and at 60 cm depth.

4.2.1.2 Pattern of root activity in pineapple variety Kew grown under trench

planting 15 days after32P application

The data related to the percentage distribution of active roots of variety
Kew grown under trench system is furnished in Table 10. It was noticed that 86.02
per cent of the active roots of Kew planted in trenches were seen 15 cm away from
the plant. As the lateral distance increased from 15 to 60 cm, the density of active
roots decreased to 2.17 per cent. When depth alone was considered it was found that
71.07 per cent of the root activity confined to 15 cm. The zone of 30 cm depth also
showed considerable amount of root activity (22.0%). The least activity was (2.24%)

obtained from 60 cm depth.

When combination of lateral distance and depth was considered it was
seen that about 64.9 per cent of the roots were seen 15 cm away from the plant at a
depth of 15 cm. The least root activity was observed at a soil zone of 60 cm lateral

distance and depth of 60 cm (0.10%).



4.2.1.3 Pattern of root activity in pineapple variety Mauritius grown under

surface method 15 days after >P application

The data on the percentage root distribution of Mauritius grown under
surface planting is given in Table 11. It was observed from the table that when
lateral distance alone was considered maximum percentage of the active roots
(57.36%) were confined to a lateral distance of 15 cm. The root distribution at 30 cm
lateral distance was also appreciable with 29.66 per cent of the root activity
concentrating there. Some amount of root activity (0.63%) was observed at 60 cm
lateral distance also. When depth alone was considered the maximum percentage of
active roots were observed 15 cm deep (80.36%) followed by 30 cm (11.92%). The

soil layer of 45 cm contributed only 1.98 per cent of the roots.

With respect to combination of lateral distance and depth, the most active
root zone of Mauritius grown under surface planting was found to be the zone
constituting 15 cm radial distance and 15 cm depth which accommodated 42.03 per
cent of the active roots. A lateral distance of 30 cm and depth of 15 cm contributed
27.96 per cent of the roots. The least concentration of root activity was seen 60 cm

away from the plant up to a depth of 45 cm (0.05%).

4.2.1.4 Pattern of root activity in pineapple variety Mauritius grown under

trench method of planting 15 days after32P application

The percentage distribution of active roots of Mauritius grown under
trench planting is presented in Table 12. (t was seen from the data that when lateral
distance alone was considered the highest amount of root activity (63.56%) was
obtained 15 cm away from the plant, considerable amount of root activity (32.2%)
was seen at 30 cm lateral distance and the least (1.11%) from a distance of 60 cm
from the plant. With respect to depth 80.61 per cent of the root activity was seen
confined to 15 cm followed by 30 cm depth (13.92%). The vertical distance of 60

cm contributed only 1.33 per cent of the roots.

With respect to combination of lateral distance and depth maximum
amount of active roots were seen at a treatment site 15 cm deep and 15 cm away

from the plant (50.48%). The soil zone constituting of 30 cm radial distance and 15



Table 11.

Depth
(cm)
15
30
45
60
Total

Table 12.

Depth
(cm)
15
30
45
60
Total

Table 13.

Depth
(cm)
15
30
45
60
Total

Root activity(%) of variety Mauritius grown under surface method 15
days after 32P application

15
42.03
10.39
1.18
3.76
57.36

Root activity(%)

30
27.96
0.25
0.43
1.02
29.66

Lateral distance (cm)
45
10.11
1.13
0.32
0.79
12.35

60
0.26
0.15
0.05
0.17
0.63

Total
80.36
11.92
1.98
5.74

Root activity (%) root activity of variety Mauritius grown under trench
method at 15 days after 32P application

15
50.48
12.08

0.37
0.63
63.56

Root activity (%)

30
27.93
1.42
2.73
0.12
32.20

Lateral distance (cm)

45
1.60
0.31
0.94
0.28
3.13

60
0.60
0.11
0.10
0.30
1.11

Total

80.61

13.92 '
4.14
1.33

Root activity (%) of pineapple 30 days after 32P application as influenced
by lateral distance and depth

15
44.90
16.38
1.00
0.39
62.67

Root activity (%)

30
14.35
2.57
3.22
0.19
20.33

Lateral distance (cm)

45
11.73
1.25
1.42
0.40
14.80

60
0.99
0.57
0.42
0.13
2.11

Total
71.97
20.77
6.05
1.11



cm depth contributed 27.93 per cent of the roots with the minimum from a distance

0of 60 cm and depth of45 cm (0.10%)

4.2.2 Pattern of root activity in pineapple 30 days after application o f32P

Data on percentage distribution of active roots in pineapple 30 days after
application as influenced by lateral distance and depth are presented in Table 13 and

Fig. 9.

It was observed from the data that among the various lateral distances
tried 62.67 per cent of the active roots were concentrated 15 cm away from the plant
base. The horizontal distances of 30 cm and 45 cm also contributed considerable
amount of root activity of 20.33 per cent and 14.80 per cent respectively. The least
amount of active roots (2.11%) were seen 60 cm away from the plant. When depth
alone was considered it was found that the highest distribution of active roots
(71.97%) were in the surface soil layer of 15 cm followed by 30 cm (20.77%). The
zone of 45 cm and 60 cm depth showed active roots of 6.06 and 1.11 per cent

respectively

When the combination of lateral distance and depth was considered it
was seen that the treatment combination of 15 cm lateral distance and 15 cm depth
recorded the highest percentage of active roots (44.9%). The treatment site of 15 cm
lateral distance and 30 cm depth contributed 16.38 per cent of the root activity. The
soil zone of 60 cm depth and 60 cm lateral distance amounts to the least root activity

01 0.13 per cent.

4221 Pattern of root activity in pineapple variety Kew grown under

surface method of planting 30 days after 32P application

Data relating to the percentage distribution of active roots of Kew grown

under surface method is presented in Table 14.

The data indicated that the lateral distances of 15 cm accommodated 58.93
per cent of the active roots followed by 30 cm (13.98%). The lateral distance of 45 cm
accommodated 25.80 per cent of the roots with the least (1.29%) from 60 cm. The

vertical spread of roots indicated that 92.21 per cent of the roots concentrated at 15 cm
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Table 14. Root activity (%) of variety Kew grown under surface method at 30 days

Root activity (%)

Depth Lalera! distance (cm)

(Cm) 15 30 45 60
15 54.68 13.00 24.15 0.38
30 4.03 0.82 1.07 0.42
45 0.15 0.11 0.26 0.26
60 0.13 0.05 0.32 0.17

Total 58.93 13.98 25.80 1.29

Table 15. Root activity (%) of variety of Kew grown under trench
after 32P application

Root activity (%)

Depth Laieral distance (cm)

(cm) 15 30 45 60
15 41.73 2.75 11.21 1.45
30 31.44 0.61 0.44 0.80
45 1.34 2.67 3.53 0.71
60 0.26 0.15 0.74 0.17

Total 74.77 6.18 15.92 3.13

Total
92.21
6.34
0.78
0.67

method 30 days

Total
57.14
33.29
8.25
1.32

Table 16. Root activity (%) of variety Mauritius grown under surface method at 30

days after 32P application

Root activity (%)

Depth Lai eral distance (cm)

(cm) 15 30 45 60
15 33.56 17.01 10.32 1.80
30 19.20 2.26 3.00 0.66
45 1.20 8.07 0.60 0.42
60 0.61 0.43 0.40 0.08

Total 54.57 27.77 14.32 2.96

Total
62.69
25.12
10.29

1.52



depth. The root activity was found to decrease with increase in depth. The minimum

amount (0.67%) of root activity was seen at a depth of 60 cm

When the combination of lateral distance and depth was considered it
was found that 54.68 per cent of the active rcots of Kew grown on surface reside 15
cm away from the plant and at a depth of 15 cm followed by the treatment site of 45
cm lateral distance and 15 cm depth (24.15%). The least amount of active roots were

seen at a depth of 60 cm and 30 cm around the plant (0.05%).

S

42.2.2 Pattern of root activity in pineapple variety Kew grown under trench

planting 30 days after 32P application

The data depicting the percentage distribution of active roots of Kew

grown under trench planting is furnished in Table 15.

It was observed that in variety Kew 74.77 per cent of the active roots
were found 15 cm away from the plant when planted in trenches. The least amount
(3.13%) of the active roots were seen at a horizontal distance of 60 cm from the
plant. When depth alone was considered it was noticed that 57.14 per cent of the
roots reside in the 15 cm soil layer. The percentage of active roots showed a
decreasing trend with increase in depth. The soil layer of 30 cm contributed 33.29

per cent of active roots followed by 45 cm (8.25%) and 60 cm (1.320%) depth.

When combination of lateral distance and depth was considered, it was
found that the most active root zone of Kew grown in trenches was found to be 15
cm laterally around the plant and 15 cm vertically from the soil surface constituting
41.73 per cent of the roots (Table 15). The soil zone of 30 cm lateral distance and 60

cm depth contributed the lowest amount of roots (0.15%).

4.2.2.3 Pattern of root activity in pineapple variety Mauritius grow n under

surface planting 30 days after32P application

Data on the percentage distribution of active roots of Mauritius grown

under surface plaruing is presented in Table 16.



It was seen from the data that under surface planting the highest
percentage of active roots (54.57%) of Mauritius were located 15 cm laterally
around the plant followed by 30 cm (27.77%). The percentage of root activity
decreased from 54.57 per cent to 2.96 per cent as the lateral distance increased from
15 to 60 cm. Root activity declined with increase in lateral distance and depth. When
depth alone was considered it was found that 62.69 per cent of the roots explored a
vertical space of 15 cm. About 25.12 per cent of the roots were seen at 30 cm depth

and was considerably less at 60 cm depth (1.52%).

With respect to combination of lateral distance and depth, it was seen that
most of the active roots (33.56%) of Mauritius lay within 15 cm surface soil layer
and 15 cm around the plant followed by a soil zone comprising of 15 cm lateral
distance and 30 cm depth (19.2%). The minimum percentage of active roots (0.08%)

was seen 60 cm away and 60 cm deep from the plant base.

4.2.2.4 Pattern of root activity in pineapple variety Mauritius grown under

trench planting 30 days after 32P application

Percentage distribution of active roots of variety Mauritius grown under

trench planting is presented in Table 17.

The data revealed that 62.33 per cent of the active roots confined to a
lateral distance of 15 cm followed by 30 cm (33.42%). The minimum percentage of
active roots (1.13%) was seen 60 cm away from the plant. The vertical distance was
mainly confined to a depth of 15 cm (75.83%). The soil layer of 30 cm contributed
18.34 per cent of the active roots below which rootactivitydeclinedsharply with

0.93 per cent at 60 cm depth.

When the combination of lateral distance and depth was considered it
was found that 49.64 per cent of the active roots of Mauritius grown in trenches
concentrated in a soil zone constituting 15 cm lateral distance and 15 cm depth. The
least root activity was observed 60 cm away from theplantand at adepth of 60 cm

with only 0.11 per cent ofthe roots concentrating there.



Table 17. Root activity (%)of variety Mauritius grown under trench method 30 days
after 32P application

Root activity (%)

Depth Lateral distance (cm)

(cm) 15 30 1 45 60 Total
15 49.64 24.65 1.23 0.31 75.83
30 10.86 6.60 0.47 0.41 18.34
45 1.27 2.04 1.29 0.30 4.90
60 0.56 0.13 0.13 0.11 0.93

Total 62.33 33.42 3.12 1.13

Table 18. Root activity (%) of pineapple at 45 days after 3P application as
influenced by lateral distance and depth

Depth Lateral distance (cm)

(cm) 15 30 45 60 Total
15 39.99 18.43 8.41 1.55 68.38
30 10.48 2.27 2.78 1.46 16.99
45 2.04 2.28 3.45 1.63 9.40
60 1.95 1.07 1.33 0.88 5.23

Total 54.46 24.05 15.97 5.52

Table 19. Root activity (%) of variety of Kew grown under surface method 45 days
after 32P application

Root activity (%)

Depth Laieral distance (cm)

(cm) 15 30 45 60 Total
15 30.52 27.58 15.90 1.34 75.34
30 4.16 0.92 313 1.22 9.43
45 3.63 0.38 2.63 2.33 8.97
60 0.78 1.77 2.14 1.57 6.26

Total 39.09 30.65 23.80 6.46



4.2.3 Pattern of root activity in pineapple 45 days after application of.32P

The data on percentage distribution of active roots in pineapple 45 days
after application of 32P as influenced by lateral distance and depth are presented in

Table 18 and Fig. 10.

It was noticed from the data that among the various lateral distances tried
15 cm showed highest percentage of active roots (54.46%) followed by 30 cm
(24.05%). The percentage root activity was only 5.52 per cent 60 cm away from the
plant. The vertical spread of the roots indicated that 68.38 per cent of the roots
explored the surface soil layer of 15 cm followed by 16.99 of the roots at 30 cm. The

root activity was least at 60 cm depth (5.23 %).

When combination of lateral distance and depth was considered it was
found that the most active root zone of pineapple 45 days after application of %p
was found to be 15 cm away from the plant and reaching to a depth of 15 cm with
39.99 per cent of the roots concentrating there. The soil zone comprising 60 cm
radial distance and 60 cm depth accounted the lowest percentage (0.88%) of active

roots.

4.2.3.1 Pattern root activity in pineapple variety Kew grown under surface

planting 45 days after 32P application

Data pertaining to the percentage root distribution of Kew under surface

planting is shown in Table 19.

It was observed from the data that' P when placed 15 cm away from the
plant accommodated 39.09 per cent of the roots. When depth alone was considered it
was noticed that there is a concentration of active roots at shallow depth of 15 cm

(75.34%). The percentage of active roots at 60 cm depth was only 6.26 per cent.

When the combinations of lateral distances and depth were considered it
was observed that the density of active roots of Kew planted on surface was more
confined to 15 cm radial distance at a depth of 15 cm (30.52%) and was found to be

negligible (0.38%) at a zone of 30 cm lateral distance and 45 cm depth.
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4.2.3.2 Pattern of root activity in pineapple variety Kew grown under trench

planting 45 days after 32P application

Table 20 represent the percentage distribution of active roots of variety

Kew grov/n under trench planting.

It was seen from the data that 57.73 per cent of the roots confined to a
lateral distance of 15 cm followed by 45 cm (18.5%). The root activity was least at 60
cm away from the plant base (8.02 %). With respect to depth, the soil layer of 15 cm
contributed 53.99 per cent of the root activity. Appreciable amount of active roots

(23.01%) were seen at 30 cm depth with the least (8.52%) from a depth of 60 cm.

When lateral distance and depth combination was considered it was
observed that 38.63 per cent of the active roots were seen 15 cm laterally around the
plant at 15 cm depth. The least active root zone (0.68%) was found to be 30 cm

radially at a depth of 60 cm.

4.2.3.3 Pattern of root activity in pineapple variety Mauritius grown under

surface planting 45 days after 32P application

The data on the percentage distribution of active roots of Mauritius

grown under surface planting is furnished in Table 21.

The data indicated that 54.17 per cent of the active roots were seen 15 crn
away from the plant. The minimum percentage of active roots (5.09%) were seen 60
cm away from the plant. When depth alone was considered 68.59 per cent of the
roots were seen on the surface soil layer of 15 cm. The soil layer of 30 cm
contributed 22.17 per cent of active roots. The least root activity (3.09%) was

observed at 60 cm depth.

When the combination of lateral distance and depth was considered it
was found that the most active root zone of Mauritius grown in trenches was the soil
zone constituting 15 cm laterally and vertically (35.73%). The least activity was

observed from the treatment 60 cm away from the plant at a depth of 60 cm (0.13%).



Table 20. Root activity (%) of variety Kew grown under trench method at 45 days
after 32P application

Root activity (%)

Depth. Lateral distance (cm)

(cm) 15 30 45 ' 60 Total
15 * 38.63 7.46 6.76 1.14 53.99
30 12.05 4.36 3.39 3.21 23.01
45 2.64 3.25 6.20 2.39 14.48
60 441 0:68 2.15 1.28 8.52

Total 57.73 15.75 18.50 8.02

Table 21 Root activity (%) of variety Mauritius grown under surface method 45
days after 3P application

Root activity (%)

Depth Lateral distance (cm)

(cm) 15 30 45 60 Total
15 35.73 21.38 8.02 3.46 68.59
30 16.25 154 «3.61 0.77 22.17
45 0.51 3.38 1.53 0.73 6.15
60 1.68 0.73 0.55 0.13 3.09

Total 54.17 27.03 13.71 5.09

Table 22. Root activity (%) of variety Mauritius grown under trench method 15
days after 32P application

Root activity (%)

Depth Lateral distance (cm)

(cm) 15 30 45 60 Total
15 55.11 17.31 2.95 0.26 75.63
30 9.47 2.28 *1.00 0.63 13.38
45 1.37 2.11 3.42 1.08 7.98
60 0.93 1.10 0.48 0.50 3.01

Total 66.88 22.80 7.85 2.47



4.1.3.4 Percentage distribution of root activity of variety Mauritius grown

under trench planting 45 days after 32P application

The data related to the percentage distribution of active roots of

pineapple grown under trench planting is presented in Table 22.

With respect to lateral distances, 66.88 per cent of the root activity was
seen 15 cm away from the plant with only 2.47 per cent of the root activity at 60 cm
distance. When the vertical spread was considered it was found that 75.63 per cent
of the active roots concentrated in a layer of 15 cm. The root activity at 30 cm depth

was found to be 13.38 per cent with the least (3.01) at 60 cm soil layer.

When combination of lateral distance and depth was considered it was
found that Mauritius grown in trenches showed the highest percentage of roots
(55.11%) at 15 cm lateral distance and 15 cm depth. The least root activity (0.26%)

was observed 60 cm laterally and at 15 cm depth.

4.2.4 Mean root activity pattern of pineapple for three sampling dates

The mean root activity of pineapple for all the 3 sampling dates at

different lateral distance and depth is furnished in Table 23.and Fig. 11

Among the various lateral distances considered irrespective of the
sampling dates, 61.38 per cent of the root activity was seen 15 cm away from the
plant followed by 30 cm (21.68%). Root activity was found to be very low (3.16%)
at 60 cm lateral distance. When depth alone was considered it was found that 73.21
per cent of the active roots concentrate at a depth of 15 cm. The soil layer of 30 cm
accommodated 17.41 per cent of the root activity with the least from a depth of 60

cm (3.09%).

When combination of lateral distance and depth was considered, it was
seen that the most active root zone was 15 cm away from the plant and at a depth of
15 cm with 45.91 per cent of the roots concentrating there (Fig. 12.) The zone of 30
cm lateral distance and 15 cm depth contributed 16.89% of the active roots. The

least root activity was observed at a lateral and vertical distance of 60 cm (0.49%).
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Fig. 12. Root activity pattern of pineapple [Ananas comosus (L.) Merr.J



Table 23. Root activity (%) of pineapple at different lateral distances and depth
(Mean of three sampling intervals)

Root activity (%)

Depth Laieral distance (cm)

(cm) 15 30 45 60 Total
15 4591 16.89 9.29 1.12 73.21
30 12.89 2.02 1.69 0.81 17.41
45 1.33 2.22 1.36 0.74 5.65
60 1.25 0.55 0.80 0.49 3.09

Total 61.38 21.68 13.14 3.16

Table 24. Root activity (%) of pineapple at L30D30

Root activity (%)
15 DAA 30 DAA 45 DAA Mean
Overall

Surface Trench Surface Trench Surface Trench Surface Trench mean

Kew 74.85 87.87 72.53 76.53 63.18 62.50 70.19 75.63 72.91

Mauri-
tius

Mean 77.74 89.89 72.28 84.14 69.04 73.30 73.02 82.46

80.63 91.91 72.03 91.75 74.90 84.17 75.85 89.28 82.57

Table 25. Root growth of pineapple under different methods of planting

Treatment Number of Length of Diameter Fresh weight  Dry weight
roots roots (cm) (cm) (9) (9)

VijiMi 47 23.56 0.52 59.5 16.08

v ,m 2 62 25.62 0.57 63.83 20.10

V2Mi 71 25.33 0.55 66.33 2541

V2M?2 55 23.76 0.55 61.33 18.20

Vi - Kew Mi - Surface planting

V2 - Mauritius M2 - Trench planting



4.2.5 Root activity (%) of pineapple at L30D30

The data on Table 24 represent the root activity of the two pineapple
varieties Kew and Mauritius at the active root zone where more than 80 per cent of
the active roots were seen. From the table it was observed that variety Mauritius
showed highest root activity at all the sampling intervals. When the different
planting systems were considered it was found that trench method of planting

showed highest root activity.
4.3 Root Excavation Studies

Data on root growth of pineapple estimated by root excavation technique
is presented in Table 25 and in Plates 8 to 11. The data indicated that there was
difference in the number of roots of two varieties of pineapple grown under different
systems of planting. The highest number of roots (71) was obtained from the
treatment V2M 1 (Mauritius grown under surface method) followed by VIM2 (Kew
grown under trench method) with a value of 61. The least value (47) was showed by

the treatment VjMi (Kew grown on surface).

With respect to length of roots, it was observed that length varied
between 23.56 cm and 25.62 cm. When diameter of roots was considered it was

found that the diameter varied between 0.52 cm and 0.57 cm.

When the fresh weight and dry weight of the roots were considered it was
found that Mauritius grown under surface method recordedthe highestvalue of
56.33g and 25.41g respectively. The least value was recorded byvariety Kewgrown

under surface method with a fresh weight of49.5 and dry weight of 16.08.
4.4 Vegetative and Flowering Characters

The vegetative characters as well as the flowering characters of pineapple
variety Kew and Mauritius grown under tv/o methods of planting and under two

planting densities are presented here under.



Plate 8. Root distribution pattern of pineapple variety Kew
grown under surface planting

Plate 9. Root distribution pattern of pineapple variety Kew
grown under trench planting



Plate 10. Root distribution pattern of pineapple variety Mauritius
grown under surface planting

Plate 11. Root distribution pattern of pineapple variety Mauritius
grown under trench planting



: 4.“1.1 Plant characters

~ Plant characters namely the vegetative characters as influenced by

~ variety, method of planting and planting densities adopted are given below.
4.4.1.1 Plant height

Data pertaining to the mean plant height at six months after planting is

. presented in Table 26.

It was observed from the data that there was no significant difference in
treatment means between the varieties Kew and Mauritius and also the two planting
densities adopted. However method of planting showed significant difference.
Trench planting was found to be superior to surface planting. The interaction of all
the factors (variety, method of planting, planting density) did not show any

significant difference.

4,4.1.2 Number of leaves

Data on the mean number of leaves per piant at six months after planting as

influenced by variety, method of planting and planting density are given in Table 27.

The data indicated that the maximum number of leaves was produced by
variety mauritius (40.17) than Kew (32.67) eventhough no significant difference was
noticed. The interaction effect of different factors were also observed to be non

significant.
4.4.1.3 ‘D’ Leaflength -

Data depicting the effect of treatments on length of ‘D’ leaf at six months

after planting are presented in Table 28,

Data indicated that there existed no significant difference between the
two varieties in the length of ‘D’ leaf. Planting density also did not show any
s'i‘gniﬁcant difference. However method of planting was found to differ significantly.

Trench planting showed maximum ‘D’ leaf length (70.18 c¢m).



Table 26. Effect of treatments on plant height of pineapple six months after planting

Interaction effect (V x P x M) - NS

Plant height(cm)
Kew (V1) Mauritius (V;)
High Low Mean High Low Mean QOverall
density density density density mean
- P1) (P2) () P2)
3\‘2‘3““ 83.53 8440 | 83.93 94.83 99.90 97.37 90.67
1(;\2‘)““ 89.17 88.63 88.90 96.83 100.20 98.52 93.71
Mcan 86.35 86.52 86.44 95.83 100.05 97.95 92.19
Variety (V) -NS
Planting density (P) - NS
Method of planting (M) - Significant

Table 27. Effect of treatments on number of leaves of pineapple at six months atter

Interaction effect (VxPxM) -NS

planting
6
Number of Jeaves
Kew (V1) Mauritius (V5) :
High Low Mean High Low Mean Overall
density density density density mean
Py ()] ®) (P2)
?;‘df‘;“c" 3033 | 3167 | 3100 | 3967 | 3967 | 3967 | 3534
;‘;:Z')‘Ch 35.00 33.67 34.34 42.67 38.67 40,67 37.51
Mecan 32.67 32.67 32.67 41.17 39.17 40.17 36.42
Variety (V) - NS
Planting density (P) -NS
~ Method of planting (M) -NS

5



Table 28. Effect of treatments

on ‘D’ leaf length of pineapple 6 months after

planting
‘D’ leaf length(cm)
Kew (V) Mauritius (V5)
High Low Mean High Low Mean Overall
density density density density mean
P (P2) ®) (P2)
Surfazce o
M) 62.82 64.68 63.75 72.08 72.72 72.40 68.08
7(;2‘)“’1‘ 6500 | 6627 | 6609 | 7547 | mos | 726 | 708
Mcan 64._36 65.48- 64,92 73.718 72.88 73.33 69.13
Variety (V) - NS
Planting density (P) - NS
Method of planting (M) - Significant
Interaction effect (VxP xM) - NS
Table 29. Effect of treatments on ‘D’ leaf breadth of pineapple 6 months after
- planting
‘D’ leaf breadth(cm)
Kew (V) Mauritius (V3)
High Low Mean High Low Mean Overall
density density density density mean
Py ®2) (%)) P2)
Surface 3.9 3.81 3.87 4.76 5.01 4.89 4.38
(M) '
&":)‘“" 4.29 4.00 4.15 5.52 5.30 5.41 4.78
Mean 4.11 3.91 4.01 5.14 5.16 5.15 4.58
Variety (V) - Significant
Planting density (P) - NS
Method of planting (M) - Significant

Interaction effect (VxP x M) - NS



4.4.1.4 °D? leaf breadth

Data pertaining to the width of ‘D’ leaf as influenced by the various

treatments are shown in Table 29.

It was observed that the width of ‘D™ leaf varied from 3.92‘:<;m (ViPiM))
t0.5.52 cm. (V,PM,). When variety was taken into consideration it was found that
there exist significant difference between Kew and Mauritius in ‘D’ leaf breadth.
Kew recorded maximum value (5.15c¢m). Planting density showed no significant
difference. However method of planting exhibited significant difference in ‘D’ leaf
breadth. It was found to be higher in trench planting. The interaction effect was

found to be non significant.
4.4.2 Flowering characters

Data on the influence of various treatments on the tlowering characters

are presented here under.
4.4.2.1 Days for initiation of flowering

Data on the days for initiation of flowering as influenced by different

varieties, planting methods and density of planting are furnished in Table 30.

From the table it was noticed that the varieties Kew and Mauritius
differed significantly in the days taken for initiation of flowering. In Kew it was
found to be 44.25 days while Mauritius took only 32.13 days for initiation of

tflowering. Interaction effect was found to be non significant.
4.42.2 Days for 50 per cent flowering in pineapple

Data on the effect of various treatments on the days taken for 50 per cent

flowering are presented in Table 31.

From the data it was found that only varieties showed significant
difference. Kew took 49.25 days while Mauritius took only 37.00 days. Planting
density, method of planting and interaction of all the factors were found to be non

significant.
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Effect of treatments on days for initiation of flowering in pineapple

Interaction effect (Vx P xM) - NS

Table 30.
Days for initiation of flowering
Kew (V]) ’ Mauriiius (VQ)
High Low Mcan High Low Mean Overall
density density density density mean
_ () P) ®) P2)
f‘h‘;‘ga"e‘ 4433 | 4433 | 4433 | 3100 | 3200 | 3150 | 37.92
1
5\‘;‘)“’" 41.00 47.33 44.17 31.33 34.17 32,75 38.46
2 . -
Mean ' _ 42.67 45.83 44.25 31.17 33.09 32113 38.19
Variety (V) - Significant
Planting density (P) - NS
Method of planting (M) - NS
Interaction effect (VxP xM) - NS
‘Tatle.31. Effect of treatments on days for 50 per cent flowering in pineapple
Days for 50 per cent flowering
Kew (V) Mauritius (Vy) ‘
High Low Mean High Low Mean Overall
density density density density mean
Py Pa) ®1) F2)
?&’f)“” 49.33 51.10 50.17 36.33 37.67 37.00 37.33
1
g\z‘;c“ 48.67 48.00 48.33 35.33 38.67 37.00 37.83
Mean 49.00 49.50 49.25 35.83 38.17 37.00 37.58
Variety (V) - Significant
Planting density (P) - NS
Method of planting (M) - NS
Interaction effect (VxPxM) - NS
Table 32. Effect of treatments on flowering phase of pineapple
Flowering phase
Kew (V1) Mauritius (V)
High Low. Mean High Low Mean Overall
density density density density mean
1) P2 ®1) ®2)
f;/l{rlf;acc 17.33 17.67 17.50 11.33 11.67 11.50 14.50
&‘i‘)‘c“ 16.00 17.67 16.84 13.33 13.33 13.33 15.09
Mean 16.67 17.67 17.17 12.33 12.50 12.42 14.79
Variety (V) - Significant
Planting density (P) - NS
Method of planting (M) - NS
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[4.4.23 Flowering phase

Data on flowering phase as affected by various treatments are given in

Table 32.

The data revealed that there exist significant difference in the flowering
phase of Kew and Mauritius. In Kew the flowering phase lasted for 17.17 days while
in Mauritius it was 12.42 days. Method of planting and planting density did not
show any significant difference. The interaction effect was also fo!und to be non

significant.

4.5 Uptake of *’P by two varieties of pineapple under different systems

of planting

Data pertaining to the uptake of *?P by Kew and Mauritius grown in
trenches as well as at ground level under high density planting and low density

planting is furnished in Table 33 and Fig. 13.

It was seen from the data that there was no significant difference between
the two varieties with respect to **P uptake. However variety Mauritius recorded
higliest absorption of **P. When the different methods of planting was considered
irrespective of variety and planting density, it was found that the trench method of
planting was significantly superior to surface method of planting in 32p uptake. It
was also observed that there was no significant difference between the two planting
densities adopted. Regarding interaction effect there was no significant difference

between the treatment means.
4.5.1 Uptake of **P by treated and non treated plants of pineapple

Absorption of **P by treated as well as untreated pineapple plants grown
under high density system of planting is presented in Table 34 and Fig: 14-17. When
uptake of *’P by the treated plants were considex;ed, Mauritius grown under surface
planting recorded the highest absorption followed by Mauritius grown under trench
method. The least absorption was by the variety Kew grown in trenches. It was
observed from the data that the applied 2 was absorbed not only by the blant which

received the treatment but also by the neighbouring plants.

bl



Table 33. Uptake of **P (dpm/g leaf) by treated plants of pineapple grown under different systems of planting

*Uptake of °“P (dpm/g leaf)

- Kew (V) Mauritius (Va Overall mean
High density | Low density Mean High density | Low density Mean
planting (P1) of planting planting (P;) of planting
(P2) (P2)
Surface 4.424 4.016 4.22 4.576 3.622 4.099 4.1595
lanting (M;) | (26546.055) | (10375.284) | (16595.87) | (37670.379) | (4i87.936) | (51951.3005) | (14437.766)
Trench 5.287 4.387 4.837 5.298 4952 5.125 4.981
planting (M) | (193642.196) | (24378.108) | (68706.844) | (198609.492) | (89536.477) | (133352.143) | (95719.41)
Mean 4.855 4.202 4,528 4.937 4.287 4.612
(71696.837) | (15903.767) | (33767.585) | (86496.792) | (19364.219) | (40926.066)
CD(0.05) for comparison of
Variety (V) -NS
Method of planting (M) - 0.4709
Planting density (P) -NS
Interaction effect -NS

*Log transformed values
Values in Paranthesis indicate retransformed values
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VIM1 ViM2 V2M1 V2M2

Fig. 13. Uptake of P*? (dpm g™ of leaf) by treated plants of pineapple
grown under different systems of planting




Table 34. Uptake of *’P (dpm/g leaf) by treated and non treated plants of pineapple grown under high density syster of planting

Uptake of %P (dpm/g leaf)

Values in Paranthesis indicate percentage absorption of **P

Treat- Treated Contact plants Neighbouring plants Total
ments plant Total ~ 6+748+
j 2+3+4 9+10+11+ Total
1 2 3 4 5 +5 6 7 8 9 10 i1 12 13 14 15 16 { 12+13+14+
15+16
ik M, 28658 3173 2000 2008 1847 9025 1256 1266 1614 15%0 916 1184 643 898 1437 1180 1335 13319 51002
562 | 622) | 3.92) {393 | 062 | 17.69) | 246) | 248) | 317 | 3.12) { 01.79) | 232) | (1:26) | <1.76) | (2.82) | (231) | (2.62) (26.11)
ViPiM; | 262287 | 90020 139994 | 27788 | 114616 | 372418 962 1487 | 13268 | 8518 1538 1098 1223 7129 | 51111 36720 1052 124106 758811
4.56) { (11.86) | (18.45) | (3.66) | ¢15.1). | (49.07) | (0.13) | (0.2) | (1.75) | (1.12) | (0.20) | (0.14) | (0.16) | (0.94) | (6.74) | (4.84) | (0.14) | (16.3G)
VP M, 99072 18805 3225 2052 8128 32210 1153 694 1565 2265 1283 897 836 1001 1443 1563 974 13676 144952
6835 | 297 | @22) [ (.4 | (s.61) [ (2221 | (0.79) | (0.50) | (1.08) | (1.56) | {0.88) | (0.62) | (0.58) | (0.69) | (0.99) | (1.08) | (0.67) (9.44)
VoP\ M, | 268311 72698 34440 | 20265 { 23008 150411 692 771 16417 1871 898 557 1052 896 7308 1586 844 32892 451614
(59.41) { (16.07) | (7.62) | (4.50) | (5.10)..] (33.31) | (0.15) | (0.17) | (3.64) | (0.41) | (0.20) | (0.12) | (0.23) | (0.20) | (1.62) | (0.35) | (0.18) (7.27)
Vi - Kew M, — Surface Py-High density
V, - Mauritius M - Trench Pa-Low density



Fig. 14. Percentage absorption of applied *P among treated and neighbouring plants in Kew (V) at high density (P;) surface planting (M;)

Values given on the plant indicate percentage absorption of >2P.
Values given in boxes indicate the plant number.

Plant No.I : Treated plant
Plant No.2 -5 : Contact plants
Plant No.6 — 16 : Neighbouring plants




Fig. 15. Percentage absorption of applied 2P among treated and neighbouring plants in Kew (V1) at high density (P) trench planting (Ma)

Values given on the plant indicate percentage absorption of 32p,
Values given in boxes indicate the plant number.

Plant No.l : Treated plant
Plant No.2 -5 : Contact plants
Plant No.6 — 16 : Neighbouring plants




Fig. 16. Percentage absorption of applied 32p among treated and neighbouring plants in Mauritius {V>) at high density (P;) surface planting (M)

Values given on the plant indicate percentage absorption of *2P.
Values given in boxes indicate the plant number.

Plant No.l : Treated plant
PlantNo.2-5 : Contact plants
Plant No.6 — 16 : Neighbouring plants



1

Fig. 17. Percentage absorption of applied 32p among treated and neighbouring plants in Mauritius (V) at high density (Py) trench planting (Ma)

Values given on the plant indicate percentage absorption of p,
Values given in boxes indicate the plant number.

Plant No.I : Treated plant
Plant No.2—-5 : Contact plants
Plant No.6 — 16 : Neighbouring plants



The data showed that in variety Kew grown under surface planting, the
highest absorption of **P was by the tfeated plaﬁt which accounted 56.2 per cent or
the total absorbed 3p_ The next highest counts were obtained for the 4 contact
plants, which together contributed 17.69 per cent of the activity. The least count was
oStained from Plant No.12 which accounted only 1.26 per cent of the total absorbed
3p. The eleven neighbouring plants (6-16) together contributed 26.11 per cent of the

total **P recovered.

The extent of absorption of *2P by the treated plant of Kew grown in
trenches was found to be 34.56 per cent followed by the plants numbered 3, 5 and 2,
which were the contact plants. These four contact plants together contributed 49.07
per ceént of the tc;tal recovery. Other neighbouring plants together accounted 16.36
per cent of the total activity, with very less activity from plants numbered 6, 11 and

16 which were the farthest plants.

When applied to Mauritius grown under surface planting, 68.35 per cent
of the radio activity absorbed in the system was recovered in the treated plant and
22.21 per cent in the four contact plants. Among the contact plants, Plant No.2
showed highest counts of *2P with 12.97 per cent of the total activity concentrating
there. The other eleven neighbouring plants together accounted for only 9.44 per

cent of the total *’p absorbed .

Application of **P to Mauritius grown in trenches resulted in highest
counts of *2P with 59.41 per cent of the total recovery in the applied plant itself. The
next best counts were iobtained from plant No.2 and accounted for 16.09 per cent of
the applied *2P followed by the plants numbered 3, 5 and 4 which were the 4 contact
plants. They‘t'o'gether contributed 33.31 per cent of the total **P recovered and the

other eleven plants in the same trench accounted only 7.27 per cent.

Data on the relative uptake of applied **P by the treated and non treated
plants of pineapple grown under low density system of planting is presented in Table
35 and Fig. 18-21.

It was observed from the table that when uptake of **P by the treated

plant was considered, the highest absorption of the applied activity was by the



Table 35. Uptake of *2P (dpm/g leaf) by treated and nontreated plants of pineapple grown under low density system of planting

Uptake of *“P (dpm/g leaf)

Treat- | Treated Contact plant Total Neighbouring plants Total Total
ments plant - 243+4+ - 6+7+9+
1 2 3 4 5 5 6 7 8 9 10 - 1 12 10+11+
- 12
ViPM, | 12011 1729 2043 1374 3462 8608 809 1180 1201 756 795 1205 1128 7074 27693
4337 | (624) | (740) | (4.96) | (12.5) | (31.10) | 2.92) | (4.26) | (4.33) | 273) | (2.87) | (4.35) | (4.07) | (25.53)
ViP:M: | 73720 7055 9237 15017 13544 44853 1003 2357 1690 575 898 1549 1384 9456 128629
(57.58) | (5.51) | 721y | (11.73) | (10.58) | (35.03) | (0.78) { (1.84) | (1.32) | (045) | (0.70) | (1.21) [ (1.08) (7.38)
VoP, M, | 4831 3192 1128 1513 1842 7675 1018 1182 642 975 1430 923 1128 7298 19804
(24.39) | (16.11) | (5.69) (7.64) (9.3) (38.75) | (3.14) | (6.00) | (3.24) (4.92) (7.22) (4.66) (5.69) | (36.85)
VyPsM,; | 118272 1421 3315 3443 14111 22250 1129 1178 1077 1175 898 830 1114 7451 148013
(75.91) | (0.96) (2.24) (2.33) | (9.53) | (15.06) | (0.76) {0.79) {0.73) (0.79) (0.61) (0.39) (0.75) | (5.03)
V- Kew M, - Surface Fy-High density
V, - Mauritius M3 — Trench Pa-Low density

Values in Paranthesis indicate percentage absorption of >*P



Fig. 18. Percentage absorption of applied 32p among treated and neighbouring plants in Kew (V) at low density (P,) surface planting (M}

Values given on the plant indicate percentage absorption of 32p,
Values given in boxes indicate the plant number.

Plant No.I : Treated plant
Plant No.2 -5 : Contact plants
Plant No.6 — 12 : Neighbouring plants



Fig. 19. Percentage absorption of applied 32p among treated and neighbouring plants in Kew (V) at low density (P,) trench planting (M>)

Values given on the plant indicate percentage absorption of **P.
Values given in boxes indicate the plant number. '

Plant No.I : Treated plant
Plant No.2—-5 : Contact plants
Plant No.6 — 12 : Neighbouring plants



Fig. 20. Percentage absorption of applied 32p among treated and neighbouring plants in Mauritius (V) at low density (P) surface planting (M)

Values given on the plant indicate percentage absorption of 32p,
Values given in boxes indicate the plant number.

Plant No.I : Treated plant.
PlantNo.2—5 : Contact plants
Plant No.6 - 12 : Neighbouring plants



Fig. 21. Percentage absorption of applied 32p among _tréated and neighbouring plants in Mauritius (V) at low deusity (P;) trench planting (M>)

Values given on the plant indicate percentage absorption of 32p,
Values given in boxes indicate the plant number.

Plant No.I : Treated plant
Plant No.2 -5 : Contact plants
Plant No.6 - 12 : Neighbouring plants



variety Mauritius grown in trenches followed by Kew grown in trenches. The least

absorption was by Mauritius grown under surface method of planting.

In Kew grown under surface pianting, the highest counts of **p were
obtained by the treated plant itself with 43.37 per cent of the total activity absorbed.
The next best counts were obtained from the four contact plants, which together
contributed 31.1 per cent of the activity. The least activity was found to oceur from a
plant numbered 9, which is far away from the treated plant. The seven neighbouring

plants together contributed 25.53 per cent of the active roots.

_ In trench system of planting of Kew, 57.58 per cent of the total radio
activity absorbed was recovered in the .treated plant followed by plant No.4
(‘11.73 %) which is a contact plant. All the four contact plants showed highest uptake
6f 32P than other 7 neighbouring plants and together they contributed 35.03 per cent
of the activity. The least absorption was by plant No.9 (0.45%). The recovery of 2p /
by the neighbouring plants (6-12) was found to be less and together they acgounted

for only 7.38 per cent.

When Mauritius grown on surface was treated with *’P, the treated plant
absorbed 24.39 per cent of the activity. The surrounding four plants together
accounted for 38.75 per cent of the total recovery while the other seven plants

together accounted for 36.85 per cent of the total 2p yptake.

Application of *?P to Mauritius grown in trenches resulted in the
accumulation of 79.91 per cent of the total activity recovered, in the treated plant
alone followed by plant No.5 which is a contact plant and accounted 9.53 per cent of
the applied *2P. The uptake of **P was found to be higher in the 4 contact plants than
in other neighbouring plants. The contact plants together contributed 15.06 per cent
and the remaining seven plants together accounted only 5.02 per cent of the total >*P

recovered.
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5. DISCUSSION

A knowledge of rooting pattern is an essential pre-requisite for increasing
fertilizer use efficiency by proper placement, for determining optimum ‘ spacing
betwe;:n plants, for choosing the most suitable crop combination for a given land use
system and also helpful in irrigation management. Inspite of its importance work on

the extent and distribution of root system in pineapple is meagre.

The present investigations were carried out in the Department of
Pomology and Floriculture, College of Horticulture, Vellanikkara during 1999-2001
in order to study the root activity pattern of pineapple under surface and trench
method of planting employing *?P soil injection technique. It was also aimed to
know the nutrient sharing between plants under different systems of planting. The

salient results of the study are discussed hereunder.
5.1 Pattern of **P absorption by pineapple

In this experiment, root activity of pineapple was determined by studying
the absorption of *2P by Kew and Mauritius varieties grown under surface and trench
method of planting at a wider spacing. The data on the recovery of 2P in the leaves
of pineapple showed no significant difference between the main plot treatments
ViM; (Kew grown under surface planting), ViM; (Kew grown in trenches), VM
(Mauritius grown under surface method) and V.M, (Mauritius grown under trench
planting). The interaction of lateral distance and depth was found to be significant.
The highest value of **P count was obtained when **P was placed 15 cm away from
the plant at a depth of 15 cm (L,D,) at all the sampling intervals of 15, 30 and 45
days after application and it was found to be significantly superior. This indicates
that most of the active roots are present in this zone. The least value of P count was
observed at 14Dy4 (60 cm lateral distance and 45 cm depth). This may be due to the

less number of active roots in this region.

When the interaction of all the four factors (variety, method of planting,
lateral distance and depth) was considered it was found that Mauritius grown in

trenches (V2Mz) recorded the highest absorption of P, 15 ¢m away from the plant



at a depth of 15 cm except in the second sampling. However, the effect was non

significant,

The data on the recovery of 2P 15 days after application as influenced by
lateral distance and depth, irrespective of variety and method of planting revealed
that the differences in the absorption of **P from different lateral distances, namely
15, 30, 45 and 60 cm were statistically significant (Table 2}. The maximum
absorption was observed from a lateral distance of 15 cm, which was signiiicantly
superior. The next best absorption was from 30 cm lateral distance and the least
from a distance of 60 c¢m. Similar trend was noticed in 30 DAA (Table 4) and 45
DAA (Table 6) in the absorption of *?P. This is in confirmity with tﬁe result of
Collins (1960) who reported that the roots of pineapple originating from the basal
portion of the stem reach the soil within a radius of 30 cm. When depth alone was
considered, the highest **P activity was recorded in the nearest placement treatment
of 15 cm and decreased sharply with increase in depth. This was probably due to the
higher root density near the plant base. The least absorption was noticed from 60 cm
depth. The same trend was noticed with all dates of sampling. These resuits point to
the fact that pineapple is a shallow rooted crop. This could be supported by the -
findings of Inforzato ef al. (1968) who observed that 95 per cent of the roots of
pineapple were confined to the top 20 cm of soil. Samson (1980) opined that the
ronts of pineapple do not grow deeper than 50 cm and rarely extend below 30 cm

depth.

Thus from the present investigation it was inferred that the soil zone
constituting 15 cm lateral distance and 15 cm depth is the most active root zone of
pineapple irrespective of varieties and method of planting. So this can be considered
as the possible zone of maximum nutrient uptake. Bose (1985) opined that banana
plant utilizes nutrient from a very limited soii depth due to shallow root system.
Similar results were obtained in Nendran banana in which most of the active roots

were confined to a depth of 30 cm and laterally to 20 cm. (Sobhana, 1985).

A scrutiny of the results revealed that the varieties Kew and Mauritius
did not exhibit any significant difference in terms of **P uptake. However variety
Mauritius recorded higher absorption of **P. The **P was applied uniformly to both

Kew and Mauritius at 6 months after planting. At the time of application of 2P,



Mauritius was at it’s maxinium vegetative growth. The root system may also be very
vigorcus at this stage. Since Kew is a long duration variety it might not have reached
its ‘maximum vegetative and root growih at the time of **P application. This may be
the reason for higher absorption of **P observed in Mauritius variety as compared to

Kew.

Root activity has been studied in different varieties in other crops also.
Absence of genetic variability was observed in root activity patterns of four cashew
“genotypes as reported by Bhaskar er al. (1995). Contrary to this, varietal difference
in root activity was reported by many workers in different crops. Brar (1986)
reported that Perlette variety of grapes was more efficient in the absorption of *2p

than Anab-e-Shahi.

The results generated revealed that there was no significant difference in
root activity between surface and trench method of planting. Chadha and Singh
(1993) pointed out that trials conducted with Kew in different agroclimatic regions
have revealed the superiority of trench planting for three crop cycles, while for one
crop cycle flat planting was found equally good. Bindu (1998) reported that there
was no significant difference between surface and trench planting with respect to

growth and yield of Mauritius pineapple.
5.2 Pattern of root activity in pineapple

The percentage distribution of active roots of pineapple varieties Kew
and Mauritius irrespective of method of planting showed that the highest root
activity was from a lateral distance of 15 cm followed by 30 cm and the least from
60 cm depth. The same trend was ndticed with depth also. This was same for all the
sampling dates. The percentage root activity decreased with increasing radial
distance from the plant irrespective of variety and planting method (Table 23). The
total root activity at 15 cm lateral distance was observed to be the highest with 61.38
per cent of the roots concentrating there followed by 30 cm lateral distance
(21.68%). The active roots were only 3.16 per cent at 60 cm away from the plant

indicating that the amounts of active roots were very negligible ai this distance. .



- The vertlcal spread of roofs indicated that there was a marked difference
in the absorption of *?P from differ ent dep*hs The absorption from surface layer was
considerably more than from lower depths wiih 73.21 per cent of the active roots
exploring the' 15 c¢m soil layer. There was appreciable contribution from 30 cm depth
also (17.4%). The active roots were found o be very less (3.16%) at 60 cm depth,
wlich clearly indicates low activity of roo‘ts ai deeper layers. These findings are in
agreement wrth the result of Samson (1 980) who reported that the roois of pineapple
rarely extend below 30 cm depth. Similar results were obtained in other crops also.
lyengar and Murthy (1987) reported that in Kagzi lime about 80-95 per cent of the
-feeder roots were seen Jocated inthe 'sorface 10 cm soil layer. Wahid ef a/ (1989a)
opined that cashew tree is a surface i‘eeder with about 50 per cent of the root activity
confining to the top 15 cm of sorl layer In- another study Iyengar and Shivananda

(1 990) reported ‘that sweet orange budded on rangpur lime is a surface feeder ‘with

70-90 per cent of its active roots located in the top 30 cm soil Iayer.

Cons1der1ng that the absorption of applied 32p as a function of active root
densuy in different soil zones, it is apparent from the data (T able 23 and Fig.12)
that maximum concentration of the active roots (45.91%) was confined_ to the
. surface 15 cm soil layer at 15 cm away from the plant. The soil zone constituting 30
cm lateral distance and'lS cm dept}i contributed 16,89 per cent of the root activity.'
The percentage of root actiVity at 60 cm lateral distance and 60 cm depth was found
to'be. negliglble wrth only 0.49 per cent of the roots concentrating there, This clearly
indicates that the root system of pmeapple is very shallow and compact with
, maximum concentration of active roots seen 15 cm away from the plant at 15.cm
depth even_,_at w1der spacmg “of 120 cm. Apphcation of fertillzer to this zone of
~ maximum root activity will result in efficient utiliiation of ‘the applied nutrients.
. According to Salani and Wahid- (1993) root system of crop plants especially those of
tield crops have .been described in qualitative terms such as deep, spreading,

compact, shallow etc.

Maximum concentration of active roots in the top layer of soil at a lateral
distance o[‘ about 30-50 cm has been reported in Guava (Purohit and Mukherjee,
1974-), _Palayankpdan_barrana (Ashokan, 1986) and in Thompson Seedless grape
(Prakash ét.ril., 1989).” Study condocted i papaya (Kotur and Murthy, 2001)



revealed that 75-92 per cent of the active roots occurred up to 40 cm distance while

54-79 per cent found down to a depth of 15 cm.

A concept of effective foraging space (EFS) has been prop.osed to
delineate the lateral and vertical soil space of intense root activity around a plant
(Wahid, 2000). The EFS of a plant is the soil cylinder around the plant that accounts
for 80 per cent or more root activity. Based on that the EFS of pineapple can be
. calculated. When lateral distance was considered it was found that 15 cm (61.38%)

and 30 cm (21.68%) distance together contribute 83.06 per cent of the root activity
and regarding depth, 15 cm (73.21%) and 30 cm depth (17.41%) together
accommodate 90.62 per cent of the active roots. From this it is evident that the area
upto 30 cm lateral distance and depth contribute more than 80 per cent of the root
activity. So the dimensions of the EFS of pineapple was found to be Lio/Dso
“eventhough the active root zone was L;sDis. When the percentage of active roots in
the EFS of pineapple (Lgo/D;.;o) was observed it was noticed that the highest
percentage of root activity was in trench planting compared to surface planting. This
may be due to the vigorous root system in trenches as compared to surface method.
Delineation of EFS is helpful in developing the most efficient method of fertilizer
application and irrigation to crops (Wahid, 2001). Both spacing of plants and
geometry of planting in a production system can be decided upon in relation to the
EFS of the associated species Which will minimize root competition for nutrients

and water.
5.3 Root excavation studies

The root distribution pattern of pineapple was also studied directly by
excavation of the root system. In the present 'study distinction could not be made
between vertically and horizontally oriented roots. The highest number of roots (71)
was obtained from variety Mauritius grown on surface. Mean length of roots was
found to be the highest for variety Kew grown in trench. The average length of roots
irrespective of variety and method of planting was found to be about 24  cm. This is
confirmatory with the result of the study conducted with *’P where about 90 per cent
of the roots were seen at a depth of 0-30 cm. This could be supported by the studies
conducted by Inforzato ef al. (1968) and Samson (1980) in pineapple. Similar results

were obtained with other crops also. A root excavation study on 8 year old Gandhraj



lemon by Ghosh and Chatopadyay (1972) revealed that majority of roots (78%) was

. confined in the top 25 cm soil.
5.4 Vegetative and flowering characters

Growth in pineapple is determined by the height, number of leaves and
‘L’ leaf characters (Singh e/ al., 1978). In the present study it was observed that
varicty and planting density did not influence plant height or leaf number. When the
method of planting was considered it was found that trench planting produced more
number of leaves compared to surface planting. However plant height was not
affected by method of planting. This was ix} confirmation with the findings of Bindu
(1998) who noticed that the method of planting did not influence the plant height in

Mauritius pineapple.

In pineapple, the most important leaf'is ‘D’ leaf which is defined as the
moét recently matured leaf with maximum physiological activity (Chadha ef al,,
1998). The study revealed that method of planting showed significant difference in
‘D’ leaf length and breadth. Trench method of planting was found to be superior to
surface method. Similar results were obtained by Radha ef al. (1990} in variety Kew,
that the length of D leaf increased with the depth of trenches six months after

planting.

The results generated revealed that there was significant difference
between the varieties Kew and Mauritius in the days taken for initiation of flowering
and days for 50 per cent flowering. In all the characters studied the number of days
taken for Kew was more than Mauritius. This might be due to the long duration

character of Kew,

3.5 Uptake of **P by two varieties of pineapple under different systems of
planting '

In this experiment the uptake and sharing of *2P by the treated and
neighbouring plants of two varieties of pineapple grown under different systems of
planting was studied. Based on the results of the experiment conducted to study the
root activity of pineapple, application of **P was given both at 15 cm and 30 cm

depth and 15 cm and 30 cm away from the plant. Data on the uptake of 2P by



treated plants of Kew ard Mauritius grown under different systems of planting
revealed that the two varieties did not differ significantly in *?P absorption.
However, Mauritius recorded highest absorption of 2P This is in cor}ﬁrmation with
the results of Experiment 1 where Mauritius recorded highest abs;)rption of **p
eventhough no significant difference was noticed. This is in confirmation with the
findings of IAEA (1975). The study showed that the pattern of root activity was
similar for all the four genotypes of cocoa with the highest root activity in the upper
7.5 cm soil layer. However, hybrid Amelonado x Amazon exhibited more intense
root activity than others. A similar report was given by Bhaskar ef al. (1995) in
cashew where genetic variability was not observed in root activity patterns of four

.cashew genotypes.

When the different methods of planting were considered irrespective of
varieties and planting densities trench method of planting was found to be
significantly superior to surface method in “?P uptake. This means that the treated
plants grown in trenches have absoroed more of the applied 32p than the plants
grown on surface. This may be due to the stroﬁg and healthy root system of plants
grown in trenches which might have helped in absorbing more 2p Trenches also
checks soil erosion which might have helped in reducing the runoff soil containing
P thus increasing absorption in trench. The superiority of trench planting for
pineapple has been reported by different workers (Aiyappa and Nanjappa, 1965;
Radha e7 al., 1990; Chadha and Singb, 1993). |

From the present study it was also observed that the absorption of 32p did

|
not show any significant difference between low density and high density system of
planting. Chadha ef al (1998) reported that adoption of high density planting does

" not hamper fruit size, quality and canning recovery in pineapple.

The data on the relative uptake of applied **P by the treated and the other
plants surrounding it indicate that though a considerable portion of the applied label
was taken up by the applied plant, the remaining being absorbed by the

'neighbouring plants. Absorption of applied **P by plants around the treéited ones
points to the possibility of intraspecific competition in nutrient absorption. The
percentage of sharing of the applied **P irrespective of variety planting method and

density of planting showed that majority of the applied **P was absorbed by the



treated plant and the four contact plants. it was interesting to observe that the distant
plants were also benefited by the application of **P even though in smaller amounts.
This may be due to the intermingling of roots or by the runoff of soil containing 32p

to the plants situated at the end of the row by irrigation or rain.

Under high density planting system in surface planted Kew pineapple, the
treated plant (56.2%) and the four neighbouring plants (17.69%) together accounted
73.89 per cent of the total 2p abisorption where as in trench planting the treated plant
(34.56%) and the contact plants (49.07%) together contributed 83.63 per cent of the
total *2P uptake. The remaining was shared by the other eleven plants. In variety
Mauritius grown on surface the treated plant (68.35%) and the four contact plants
(22.21%) together accounted for 90.56 per cent. In trench planting, treated plant
(59.41%) and contact plants (33.31%) contributed 92.72 per cent of the total 2p
absorbed in the whole system. A similar report was given by IAEA (1975) in
orange, in which the uptake of 32p was about 50 per cent by the treated tree, 25 per
cent oy the border trees and the remaining 25 per cent by the five neighbouring

plants.

The sharing of applied **P by the treated and non treated plants of
pineapple grown under low density system of planting revealed that the treated plant
absorbed maximum quantity of **P followed by the four contact plants whick also
contributed an appreciable amount. The neighbouring plants also showed some
amount of *2P absorption. In variety Kew grown under surface planting the treated
plant (43.37%) and the four contact plants (31.10%) together accounted for 74.47
per cent of the total >*P uptake. While in trench planting it was 92.61 per cent by the
absorption of the applied plant (57.58) and contact plants (35.03).

In variety Mauritius grown on surface, the treated plant (24.39%) and the
contact plants (38.75%) together contributed 63.14 per cent of the total *p uptake.
The remaining was by the eleven neighbouring plants. When Mauritius was planted
in trench it was found that the treated plant absorbed 79.91 per cent of the total
activity followed by the four contact plants (15.06%) which together accounted for
94.97 per cent of the total **P absorbed in the system. Here also only 5 per cent of

the total *2P was absorbed by the other seven neighbouring plants.

TH



Experiments with cocoa trees by IAEA (1975) revealed that both the
treated tree and eight neighbouring trees surrounding it utilized the labelled
superphosphate maximally when applied at 120 or 180 c¢m distance from the tree and
the utilization by the treated tree was oaly 10-12 per cent. The border trees were also

benefitted from the applied fertilizer.

Thus from the present investigation it was inferred that the uptake of **P
by the treated plant was the maximum followed by the four contact plants
irrespective of variety, planting method and density of planting system. Absorption
of applied **P by the plants around the treated ones points to the possibility of
intraspecific competition in nutrient absorption. The sharing of activity by the
conract plant was found to be more, may be because of the intermingling of roots.
Double row system of planting also contributed to more sharing of activity. Joseph
(1995) noticed maximum sharing of activity in the double row system of planting in

banana than in single row system.

The results revealed that in the case of Kew grown both under high
density and low density system of planting, the sharing by the contact plants (35-
49%) was found to be more under trench planting compared to surface planting
where it was about 17-31 per cent. This may be due to low run off compared to
surface planting and also due to well developed root system in trenches. In Mauritius
the sharing by the contact plants was found to be 15-33 per cent in trench planting
and 22-38 per cent in surface planting. This indicates that there was no‘t much
difference between the two methods of planting. This could be supported by the
findings of Bindu (1998) who reported that most of the characters related to growth

and yield of Mauritius were seen unaffected by the method of planting.

Thus the present study could give a basic idea about the rooting pattern in
pineapple varieties. The results penerated reveal that pineapple is a shallow rooted
crop with- majority of roots concentrated in the top 15 cm layer at a distance of 15
cm away from the plant. Regarding the sharing of **P it was inferred that the uptake
of *?P by the treated plant was the maximum followed by four contact plants
irrespective of variety, planting method and density of planting system. Specific -
research on the rooting pattern of pineapple with respect to planting sysiems and

variety, at normal spacing is a topic for further investigation.
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S5UMMARY

The present study was undertaken in the Department of Pomology and

Floriculture, Cijllgge of Héﬂiculture, Vellanikkara during 1999-2001. The main

objective of the rial was 1o study the root aict.ivity pattern of pineapple varieties Kew

and Mauritius grown under suiface and trench method of planting employing *2P

soil injection technique. It was also aimed to study the uptake of 32p by the two

varieties of pineapple grown in trenches and at surface level under high density and

‘low density system of planting. The salient results of the investigation are

summarized below.

(38

There was no -significant’ difference between the main plot treatments ViM;

(Kew grown under surface plaﬁfing), V]Mz (Kew grown in trenches), VoM,

‘ (Mauritius grown 'unde_r' surfac;e method), and VM, (Mauritius grown in

. trenches) with fespect to recovery of **P in the leaves.

The interacti__ox} elfect of lateral distance and depth was signiﬁcam and the most
active root zone of piheapple was observed to be the zone consisling of 15 cm
lateral distance and 15 cm depth (LiDy) irrespective of variety and method of
planting. The least active root zone was- found to be LsDs (GO cm lateral
distance and 60 cm depth) except at the first sampling where it was LiD3 (60

cm lateral distance and 45 em depth).

. When lateral distance alone was considered irrespective of depth, variety and
~method of plmﬁng,' the highest aBsorptiop of *P was obtained from 15 cm

~ lateral distance and was seen significantly superior to other lateral distances.

This was followed by 3¢ cm and 45 cm. The least absorption was noticed 60 cm

.a:way from the plant. The same trend was noticed at ail the sampling intervals.



10.

£ 7?P at 15 cm depth showed

When depth alone was considered, application o
highest absorption of **P. The next best ‘recovery was from 30 cm depth. The

lowest recovery of the applied *2P was observed at 60 cm depth.

Variety Mauritius recorded the highest absorption of *’P at all the sampling
intervals even though there was no significant difference noticed, between the

two varieties.

There was no significant difference between the two methods of planting

systems adopted with respect to **P absorption at all the sampling dates.

The percentage distribution of active roots of pineapple at different lateral
distance and depth irrespective of variety and method of planting showed that
about 45.9 per cent of the active roots were seen in a soil zone consisting of 15
cm lateral distance and 15 ¢cm depth. The least active root zone was found to be
60 cm away from the plant and at ‘a depth of 60 cm, which contributed only

0.49 per cent of the active roots.

When lateral distance alone was considered, the percentage distribution of
active roots was observed to be 61,38 per cent at [5 cm away from the plant
followed by 30 cm which accommodated 21.68 per cent of the total active
roots. The least concentration was seen 60 cm away from the plant with 3.16

per cent of the roots concentrating there,

When depth alone was considered, about 73.2 per cent of the roots were seen

closer to the plant at 15 cm depth followed by 30 cm (17.4%5. The least

concentration was noticed at 60 cm depth, which contributed only 3.09 per cent.

The root excavation studies revealed that Mauritius grown under surface

method produced more number of roots. When the length of roots was

" considered it was found that the average length of roots irrespective of variety:

T



and plammg method was about 24cm. Regdrdmﬂ fresh werght and dry welght

of roots, Maunuus growri under surfaee method recorded the hlghest value.

1. When the yegetative_and_ flowering characters were considered it was found
that the vegetative characters‘ like 'piant height and leaf number were not
influenced by vanety and planting density. However trench method of plantmg ‘
Was supenor to’ surface method when number of leaves was con51dered D leaf -
'length and ‘breadth showed significant. difference when planting method was -
takeh into account and trench planting was found to be significantly superior.
When the ﬂb‘werin@ characters were observed; significant diﬂ"erence was

noticed between the two varieties.-

2. The study .underteken to know the lrpta.ke ef 32p by the treated and surrounding.
plants of pineapple showed that there was no significant difference between the’
varieties Kew and' Mauritius in 2P uptake However variety Maunnus recorded
highest absorptlon of the applied ]abel When the different systems of planting
were considered it was also observed that there was no s1gn1ﬁcant drfference

between high densrty and low density system of planting in 32p absorptxon

3.~ When different methods of planting was consid_ered it was noticed that trench
planting is significantly spjie,rior to surface planting in the absorption of *2P by

the treated plant.

4. Uptake 6f *?P by treated plants of pineapple varieties Kew and Mauritius grown’
_ under higli densrty and low densuy system of planting showed that Mauritius
grown under trench plantmg recorded hlgnest absorption. However the effect.

‘was non 51gmﬂcant

13 Under hxgh denslty plantmg of the surfdce planted Kew tredted plant
absorbed 56.2 per cent and the four contact plants together absorbed 17.69
per cent of the total 32p absorbed. When grown in trenches, the"treated plant



absorbed 34.56 per cent whereas the four contact plants topether absorbed

49.07 per cent.

In variety Mauritius grown under surface planiing, about 68 per cent of

the total absorption of 32p was by the treated plant and the contact plants

contributed 22.2 ‘per cent. Under trench inethod of planting of Mauritius the -

iréated plé.nt absorbed 59.4 per cent and the contact plants together absorbed’

33.31 per-cent.

. In variety Kew grown o_n'surface under low density planting, the treated

plant absofbed 43.37 per cent and the four contact plants together absorbed

31".5'pe‘rA cent .of ﬁ)e total 32P -apj)lied:'Under trench system of pianting of

Kew, the treated plant absorbed 57.58 pér cent and the contact plants

tdgether contributed 35.03 per cent.

Mauriﬁhs when grown on surface it was found that 24.39 per cent of the
total 32P absorbed was by the treated plant. The four contact plants together
contributed 38.75 per cent. When grown in trenches the treated plant of
Mauriﬁug absorbed 79.91 per cent of the activity. The contact plants

~ accounted for 15.06 per cent.
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ABSTRACT

_ An invesltigation was undertaken during 1999-2001 in the Department of
Pomblogy and Floriculture, College of Horticulwire, Vellanikkara, Thrissur to study
the root activity in pineapple. The main objective was to know the most active root
zone of pineapple and also to study the uptake of 32p by pineapple grown under
different systems. of planting. The root activity of pineapple varieties Kew and
Mauritius grown in wrenches and on surface was studied employing *?P soil injection
technique. Activity was applied at varying lateral distances and depth of 15, 30, 45
and 60 cm. The uptake and sharing of 32p by Kew and Mauritius grown under high
density and low density system of planting, in trenches and on surface was also

evaiuated.

The results revealed that the most active root zone of pineapple
irresﬁective of variety and method of planting was LiD,; (15 cm lateral distance and
15 em depth) in *2P absorption. The least active root zone was LsDs (60 cm fateral
distance and 60 cm depth). When lateral distance alone was considered irrespective
of depth, variety and method of planting, the highest absorption of *2p was obtained

from 15 cm distance at all sampling intervals. Depth also showed the same trend.

There was no significant differcnce between the two varieties Kew and
Mauritius and also between the two methods of planting (surface and trench

method).

When the percentage distribution of active roots of pineapple irrespective
of variety and method of planting was observed it was seen that about 45.9 per cent
of the root activity was concentrated in a soil zone constituting 15 cm lateral
distance and 15 cm dépth which was the active root zone. The least active root zone

(L:D4) contributed only 0.49 per cent of the active roots.

When lateral distance alone was considered, a lateral distance of 15 cm
accommodated 6138 per cent of the active rocts followed by 30 cm and the least
from 60 cm lateral distance (3.16%). When depth was considered 73.2 per cent of

the root activity was seen at the surface 15 cm soil layer followed by 30 cm



(17.40%). The soil zone within 30 cm of lateral distance and 30 cm depth

accommodate 80 per cent of the active roots.

The root excavation studies revealed that Mauritius grown under surface
method produced more number of roots. Regarding length an average of 24 cm was

noticed. When (resh weight and dry weight werc observed Mauritius grown under

surface method produced the highest value.

The plant height and leaf number were not influenced by variety and
planting method. However trench method of planting produced more number of
leaves than surface method. Significant difference was noticed between the two

varicties when the flowering characters were taken into consideration.

The studies carried out to know the uptake of **P by the treated and
surrounding plants revealed that there was no significant difference between the two
varieties Kew and Mauritius when the uptake by the treated plant was considered.
Planting densities also did not show any significant difference. However regarding
the method of planting, trench planting was found to be significantly superior to

. . . . . .3
surface planting in thi'absorption of 2p.

Under high density and low density system of planting, Mauritius growr

under trench planting recorded highest absorption of ¥*P by the treated plant.

It was aiso found that the‘ applied activity was absorbed not only by the
treated plant but also by the contact and neighbouring plants, which indicated the
sharing of activity by the surrounding non treated plants. But the absorption by the
treated plant was found to be more followed by the contact plants irrespective of

variety, planting method and density of planting system.



