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Abstract

Fineroots are important for water and nutrient acquisition and their dynamics have profound influence on the below ground resource
capture efficiency of trees. The present investigation was taken up to study the effect of environmental variables viz.. soil moisture
and soil nutrient status on the fine root dynamics ofrubber trees, and to find out the period of highest fine root density to optimize
the timing of pre-monsoon fertilizer application. The study was conducted at two locations, Koltayam and Chethackal with distinct
variation In soil nutrient status, comparatively lower status at Kottayam and higher at Chethackal. Root observations were recorded
during 2006 and 2007. Soil moisture stress during summer season was less during 2006 compared to 2007. At both the locations, the
clone was RRII 105 and trees were 17 years old. Fine root density in the surfacc layer (0-7.5 cm) was quantified during summer
Msason and after the onset ofrains till the root density stabilized or declined. Soil moisture was recorded geriodically. With the onset
of rains, fine roots began to develop and the highest root density was observed after a period of 35 to 45 days at both the locations
during both the years. After this period, the root density declined. The fine root density was nearly twofold at the low fertility site
(Kotteyamﬂcompared to the othersite (Chethackal). The intensity of soil moisture stressdurin? preceding summer season influenced
the time taken for fine root development after the onset of rains and the biomass allocated for fine root production at the low fertility
site. When the soil moisture stress was low, there was gradual increase in fine root density, whereas, when the soil moisture stress
was more, the time lag for initiatinF root proliferation was longer. The data indicate the necessity ofa more precise timing offrtilizCT
application to maximize uptake ofapplied nutrients.
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Introduction

Fine rootproduction represents a large proportion
of total annual net primary production in most
ecosystems. O fthe total net primary production in forest
ecosystems, 40 to 73 per cent has been reported to be
allocated below ground for fine root production (Agren
etai. 1980). Fine roots (roots thimrer than 2 mm) are in
constant fiux with death and replacement taking place
simultaneouﬁ/ and are the organs o fwater and, nutcjent

acqufsilion. The plasUcity in root devefopment enabiles
the plants to alter their roat morphological features so as

to exg\lore their surroundings more efficiently for
essential resources at a minimum resource investment.
Since fine roots comprise most ofthe total root length of
any root system and have very tiny diameter, they are in
intimate contact with the large volume of soil ye unit
root volume and of major importance in water and
nutrient acquisition.

Fine root production and turnover are highly
environments, Lensdmer and

<M002) identified water availability as the single
factorwith largest mfiuence on fine root biomass m beech
Nutrient availability .s also an .mportant soil
factorwhich infiuence fine root production and mortality.
®

A

Lorenzo, 2001) Extensive root prolifaration and
branching is seen m tlte organic horizon ofm aj forest

ecosystems to mcrease nutnent acquisition ,?articularly
growth IS limited by nutrient availability (Vogt et

ai, 1996).

Tlie variations in the monsoon pattem and varying
sroughtintensities EXPerienced in recentyearsnecessitate
refinem entofsom eofthe agro-management techniques,
A more precise timing of the fertilizer application when
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there is a rc-growth of adequate active fine roots after
the decline in root biomass during the summer season
will ensure higlier fertilizer use efficiency. Moreover
there is a growing concern over the soil acidification in
agricultural systems. Nitrate Icaching has been identified
asacausc for soil acidification, which canbe minimized
by applying fertilizers when crop uptake efTicicney Is
higher (Barak eta/., 1997).

Tlie present investigation was taken up to study
the fine root dynamics of rubber trees in relation to soil
moisture and nutrientand to fmd out the period of highest
fine root density to optimize the timing of pre-monsoon
fertilizer application.

Materials and Methods

Root measurements were recorded from two
rubber plantations (clone RRII 105) established in 1989
at the Rubber Research Institute of India, Kottayam,
Kerala, (9”32'N.76“86'E, atan altitude of 73 m above
msl) and Central Experiment Station, Chethackal, Kerala
(922N, 76@50'E, atan altitude of 50 m). Both the sites
differed appreciably in soil nutrient status, soil pH and
gravel content (Table 1). Typical warm humid tropical
climate is experienced in both the locations with definite
wet and dry periods. The mean annual rainfall at
'Kottayam is around 3000 mm, but it is not well
cistributed. Dry season extend from December to April
which is a period of definite soil moisture stress.
Chethackal receives comparatively more rainfall (average
aimual rainfall ranges from 3000 to 3500 mm) both in
terms o f total quantity and distribution.

Table L Soil nutrient status and gravel content of the study sites
Tocatod Gravel pH  Org AvP AvK AvCa AvMg
content C
{%) (%) mg/100 g soil
Chethackal 4 475 249 720 852 1104 388
[Coiiayam 1286 440 199 096 281 137 055

season and at shorter intervals after the onset o fthe rains
till the root density more or less stabilized or started to
decline.

Samples were soaked in water and cleaned from
soil and organic residues by sieving in agentle stream of
water. Soon after washing, dead roots were carefully
removed. Fine roots o fother plants were separated based
on colour, branching pattern and texture. Live roots
(biomass) were dried at 70 ®C and weighed.

Soil moisture (0-30 cm) was recorded
gravimetrically from both the sites periodically and
expressed as percentage. Composite soil samples (0-30
cm) were collected from the study sites and analyzed for
pH (1:2.5 soil water ratio), organic carbon (Walkley and
Black’s method as described by Jackson, 1973) available
P (Bray and Kurtz, 1945), available K (Morgan, 1941)
and available Ca and Mg (Vogel, 1969). Rainfall data
from both the locations were collected from the agro-
meteorological observatories located near the study sites.
The data were subjected to analysis of variance- one-
way classification for comparison.

Results and Discussion

Organic carhon and available nutrient status was
comparatively higher at Chethackal. Soil acidity was also
lower at Chethackal. Gravel contentin 0-30 cm soil layer
was only 4 per cent at Chethackal whereas it was 12.86
per cent at Kottayam.

Daily rainfall during the study period at the two
locations is given in Fig 1 & 2. At Kottayam, the days
after rainfall were counted from 31st March and 2 nd
April during 2006 and 2007 respectively. The
corresponding dates were March 4th and April 9* at
Chethackal. After the onset of rains, fine root
development did not commence immediately at both tlie
locations. The highest fine root density was observed 45
and 43 days after rainfall at Kottayam during 2006 and

Frt Apr

Fig. 1. Monthly rainfall at Kottayam during the study period
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there is a re-growth of adequate active fine roots after
the decline in root biomass during the summer season
will ensure higher feitilizer use efiicicncy. Moreover
there is a growing concern over the soil acidification in
agricultural systems. Nitrate leaching has been identified
asa cause for soil acidification, which can be minimized
by applying fertilizers when crop uptake efTiciency is
h:'/ghgrp(%argaka al., 1997). P /

The present investigation was taken up to shidy
(he fine root dynamics of rubber trees in relation to soil
moisture and nutrient and to find out the period o fhighest
fme root density to optimize the timing of pre-monsoon
fertilizer application.

Materials and Methods

Root measurements were recorded from two
rubber plantations (clone RR11109) established in 1989
at the Rubber Research Institute of India, Kotlayam,
Kerala, (9“32'N, 76“86’E, atan altitude of 73 m above
msl) and Central Experiment Stafion, Chethackal, Kerala
(9"22"N, 76"50°E, atan altitude 0f50 m). Both the sites
differed appreciably in soil nutrient status, soil pH and
gravel content (Table 1). Typical warm humid tropical
climate is experienced in both the locations with definite
wet and dry periods. The mean annual rainfall at
Kottayam is around 3000 mm, but it is not well
distributed. Dry season extend from December to April
which is a period of definite soil moisture stress.
Chethackal receives comparatively more rainfall (average
annual rainfall ranges from 3000 to 3500 mm) both in
terras of total quantity and distribution.

Table L. Soil nutrient status and gravel content of the study sites

Location ~ Gravel pH ~ Org  AvP AvK AvCa AvMg
cotiteni c
(%) (%) mg/100 g soil

Chethackal 4 475249 720 8% 1104 388
Kottayam 1286 440 199 096 281 137 05

Fine root density (kg dry matter m >soil volume)
was measured by core sampling. Since the highest root
density in mature rubber plantations was observed in the
surface 0-7.5 cm soil layer (Soong, 1976), root density
sampling was confined to thiis layer Eight sites in the
inter-row area with representative tree height and girth
were selected at random for root sampling. Quadrates of
3x3 m were delimitated at each site and root samples
were collected with a sharp corcr 50 mm in diameter At
each of the sampling site, six samples were collected at
each sampling (48 samples at a time). Samples were
collected at variable distances from the base of the tree.
Sampling was done at monthly intervals during summer

season and at shorter intervals after the onset o f the rains
(tjill It.he root density more or less stabilized or started to
ecline.

Samples were soaked in water and cleaned fi-om
soil and organic residues by sieving in a gentle stream of
water. Soon after washing, dead roots were carefully
removed. Fine rootsofother plants were separated based
on colour, branching pattern and texture. Live roots
(biomass) were dried at 70 “C and weighed.

Soil moisture (0-30 cm) was recorded
gravimetrically from both the sites periodically and
expressed as percentage. Composite soil samples (0-30
cm) were collected from the study sites and analyzed for
pH (1:2.5 soil water ratio), organic carbon (Walkley and
Black's method as described by Jackson, 1973) available
P (Bray and Kurtz, 1945), available K (Morgan, 1941)
and available Ca and Mg (Vogel, 1969). Rainfall data
from both the locations were collected fi-om the agro-
meteorological observatories located near the study sites.
The data were subjected to analysis of variance- one-
way classification for comparison.

Results and Qiscussion

Organic carbon and available nutrient status was
comparatively higher at Chethackal. Soil acidity was also
lower at Chethackal. Gravel content in 0-30 ¢cm soil layer
was only 4 per cent at Chethackal whereas it was 12.86
per cent at Kottayam.

Daily rainfall during the study period at the two
locations is given in Fig 1 & 2. At Kottayam, the days
after rainfall were counted from 31st March and 2 nd
April during 2006 and 2007 respectively. The
corresponding dates were March 4th and April 9* at
Chethackal. After the onset of rains, fine root
development did not commence immediately at both the
locations. The highest fine root density was observed 45
and 43 days after rainfall at Kottayam diuing 2006 and

I« Feb AW
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Fig. 1 iMonlhly rainfall at Kottayam during the siudy period
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2007 respectively. The same trend was observed at
Chethackal also; the highest values were observed 36
and 38 days after rainfall (Table 2). This indicates that
after the onset of rains a minimum recovery period is
required for further initiation of fine root development.
According to Me Cully (1999), fine roots play an
importantrole in drought resistance and recovery in many
plants. Drought induces development of fine root
primordia in plants, often in response to death or
exhaustion of the parent root apical meristem. These
primordia are drought resistantand when watered, rapidly
develop into fine roots, which resume water and nutrient
uptake. Jessy etal. (2005) also observed a time lag for
fine root production after the onset of rainfall. In the
present study, after attaining the highest value, tlie root
density declined rapidly particularly at Kottayam. A mat
of ft-esh fme roots are seen scavenging the litter layer
during the period of highest fine root development and
these roots are lost along with the decaying litter rapidly.
TTie fme roots on the litter layer are also lost through the
splashing of the rain drops or erosion during the high

Table 2. Fine root density in the 0-7.5 cm soil Uyer (kgm soil)

Kottayam
Sampling Rne root Sampling Fine root
period density period density

Jan 2.38 (1.04) Jan 1.09(0,46)
Feb 1.84 (1.06) Feb 0.84 (0.31)
Mar 1.54(0.81) Mar 0.69 (0.47)
Apr (16 dar)* 1.72(0.63) Apr(I0dar) 0.93 (0.52)
Apr (23 dar) 259(1.18) Apr (2L dar) 114 (031)
Mar(31 dar) 375 (1.34) May (30 dar) 2.82 (0.86)
May (45 dar) 457 (140) May (43 dar) 5.90 (0.98)
Jun 270(0.79) Jun 317 (0.11)
ul 231 (0.79) ul 2.16 (0.76)
SE 017 0.09

CD{p<0.05) 097 0,26

«days after rain fail Values in parentheses arc standard deviations

intensity rainfall during June. This effect was more
pronounced at Kottayam possibly due to the more sloppy
nature (15 per cent) of the study site.

Fine root density in the surface 0-7.5 cm soil layer
decreased as the summer season advanced and showed a
remarkable increase alter the receipt of the rain at both
the locations (Table 2). However, the fme root density
was significantly higher at Kottayam which is a low
fertility site compared to Chethackal (Table 3), Tlie fine
root density was 2.57 kgm' soil during the peak period
at Chethackal during 2006 and it was 4.57 kgm"* soil at
Kottayam. The corresponding values were 2.69 and 5.90
kgm-" soil respectively during 2007. We attribute ibis
variation in fine root density to the remarkable difference
in soil properties. Available P content of the soil has a
profound influence on the fine root production and
mortality and there was appreciable difference in the
available P content at Kottayam (0.96 mg/100 g soil)
and Chethackal (7.20 mg/100 g soil). When available P
content is low, trees produce more fme roots in the surface
soil to enhance P acquisition. Other factors which
promote surface root proliferation like soil acidity (Forde
and Lorenzo, 2001) and gravel content (Soong, 1976)
were also higher at Kottayam. This higher fine root
density in soils with low fertility status might be an
adaptive mechanism of trees to enhance nutrient
acquisition.

The soil moisture data indicate that the intensity
of drought during 2007 was higher compared to 2006 &
both the locations (Fig 3). However, the difference in
drought intensity at Chethackal was only marginal, but
it was appreciable at Kottayam. The data on fine root
density clearly shows the profound influence of drought
intensity on fme root dynamics. Significant differences

Sampling Kine root Sampliite Fine root
period density period densltj
Jan 249 (089) Jan 143(085)
Féb 136 (0.49) Feb 108 (056)
Mar 088 (053) Mar 088 (049)
Mar (23 dar) 141 (060) Apr (9 dar) 148 9(068]
Apr (30 dar) 206 (0.68) Apr (15 dar) 162(053)
Apr (36dar) 257 (0.74) May (24 dar) 2,06 (065)
May 229(099) May (38 dar) 269 (081)
Jun 190 (076) Jn 25108
al 186 058 u 1960095
0.11 0.12
0.32 034
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Table 3. Comparison of peak fine root density ( kg m™soil) between locations

Year Kottayam Chetbackal t-value
2006 457 257 7.95%>
2007 590 269 16.65"
+'significant at 1 % level

I-m-- Kottayam —  Chefttdcat |

Fig. 3. Soil moisture status during the study period

were observed between 2006 and 2007 at Kottayam with
respect to the decline in fine root density during summer
and highest fine root density produced after rains (Table
4). Keyes and Grier(1981) observed that above ground
production of Douglas fir was reduced in favour of fme
root production on more droughty, nutrient poor soils.
Josiin and Wolfe (1998) also reported that trees
experiencing repeated and/or extended shortages of
available water would allocate a greater proportion of
theircarbon below ground in an attempt to increase their
root shoot ratio. Another interesting observation was that
the tune taken for fine root developmentwas longer when
the intensity of preceding drought stress was higher
(Table 2). When the drought intensity was lower, there
was a gradual root development whereas when the
preceding drought stress was more, fine roots took more
time for recovery. Fine root development during the initial
period was very low and after 30 days, there was very
rapid root development (Fig 4).

Table 4. Comparison of fine root dynamics between years
Location

Fine root density 2006 2007 t-value
(kgm" soil)
Kottayam  Lowest (attheend ofsummer) 154 069  6.41**
Hipest (ailer rains) 457 590 561"
Chetilackal  Lowest (atthe end of summer) 088 088 ns
Highest (after rains) 257 269 s

sssignificant at 19 level

Fig. 4. Fine root dynamics after rains at Kottayam

The high degree of plasticity of fine roots in the
surface soil layer shows the agronomic efficiency of
rubber trees. This plasticity helps the trees to explore
the soil for water and nutrients efficiently. During
refoliation in January - February, large quantity of
biomass is diverted for leaf production. Just like in
refoliation, large quantity o fhiomass isallocated for fine
root production after the onset of pre-monsoon showers.
Since these fine roots are ultimately added to the soil
carbon pool, fine root turn over is as important as litter
recycling in rubber plantations.

Conclusion

After the onset of rains, a period ranging from 35
to 45 days is required to attain highest fine root
development. Fine root density is higher when soil
nutrient status is lower indicating the adaptive mechanism
of trees to enhance nutrient acquisition under such
situations. When intensity ofpreceding drought stress is
more, more biomass is diverted for fme root production
and a longer period is needed for fme root development.
Since fine roots are the primary organs of nutrient
acquisition, these factors should be considered while
scheduling fertilizer application to maximize uptake of
applied nutrients particularly in the context of growing
concern over soil acidification in agricultural systems
and increasing frequency and severity of drought stress
predicted due to climate change.
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