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Abstract

The extent of resorption of nutrients before senescence was determined in a rubber plantation which received nutrients
at different ratios from establishment onwards. Rubber tree is a leaf exchanging species which defoliates before the
onset of dry season, and refoliates within 2-3 weeks, during the middle of dry season. The objective of the study was to
quantify the extent of resorption of major nutrients and the influence of nutrient supply on nutrient resorption. Substantial
part of the nutrients was resorbed before leaf fall, 52 to 66 percent N, 53 to 80 percent P and 48 to 88 percent K were
resorbed depending on the rate of fertilizer application. Year to year variation in nutrient resorption was observed.
Resorption proficiency and efficiency of K were significantly influenced by nutrient ratios, wider N:K ratiosresulting in
significantly higher resorption proficiency and efficiency. The study concludes that nutrient resorption is an important
nutrient conservation mechanism of rubber trees and change in soil nutrient dynamics will influence the extent of

resorption and thus litter quality.
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I ntroduction

Nutrient resorption, the process by which
nutrients are trand ocated from senescing leaves prior
to abscission, for storage in the plant tissues
(Killingbeck, 1996), is an important mechanism of
forest trees and many economically important trees
for nutrient conservation. This mechanism reduces
the loss of nutrients through litter and thus litter
quality. Litter quality has lot of implications at the
ecosystem level, it will influence the rate of litter
turnover and nutrient cycling leading to a positive
feedback between plant species dominance and
nutrient availability (Aerts,1999).

Thefactorsinfluencing the nutrient resorption
efficiency (percentage of anutrient withdrawn from
mature leaves before abscission) are till not clear.
The most widely studied parameter is soil nutrient
availability and though it has often been suggested
that species from low nutrient habitats have higher
nutrient resorption efficiencies than species from

habitats with high nutrient availability, it is sill a
subject of debate. Several authors have suggested
that nutrient resorption efficiency is influenced by
soil nutrient availability (Pugnaireand Chapin, 1993;
Enoki and Kawaguchi, 1999; Toet and Aerts, 2003;
Yuan et al., 2005). Aerts (1996) suggested that high
nutrient resorption efficiency is characteristic of all
perennial growth forms and is not very responsive
to changesin nutrient supply, and other authors have
supported this observation (Del Arco et al., 1991;
Aertsand Chapin 2000). Some othershave proposed
soil moisture availability asan environmental factor
controlling the nutrient resorption (Dl Arco et al.,
1991; Pugnaire and Chapin, 1993; Killingbeck,
2004; Renteria and Jaramillo, 2005).

Resorption efficiencies reported in literature
vary depending on species, management practices
and environmental factors. Aerts (1996) reported that
before leaves detach from plants, 50 percent of N
and P in green leaves is resorbed and redirected
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towards growing parts of storage tissues. Toet and
Aerts (2003) reported nitrogen resorption efficiency
ranging from 40 to 80 percent and phosphorus
resorption efficiency from 39 to 72 percent
depending upon species.

Killingbeck (1996) suggested resorption
proficiency (the minimum level to which a
nutrient is reduced during senescence) to be more
responsive to soil nutrient availability. Higher
nutrient proficiency corresponds to lower level
of nutrients in the senescing leaves and lower
proficiency indicates higher level of nutrientsin
the senescing leaves. Resorption proficiency is
directly related to the nutrient recycling through
litter since it indicate the amount of nutrients that
isavailableinthelitter and thuslitter quality. Soil
nutrient availability influence nutrient proficiency
(Aerts and Chapin 2000). Intrinsic species to
species variation was also reported, woody
evergreens have higher resorption proficiency
than woody deciduous species (Killingbeck,
1996).

Rubber tree is a leaf exchanging species
which defoliates before the onset of dry season, and
refoliates within 2 to 3 weeks, during the middle of
dry season. Annual litter addition was estimated as
7.1to 7.9 tonnesin South India (Jessy et al., 2009).
Murbach et al. (2003) studied the nutrient resorption
inarubber plantation in Brazil based on the calcium
content in the green and senescing leaves, which
does not exclude the error due to accumulation of
calcium asthe leaf gets older when calculations are
made on mass basis.

In the present study, the resorption
proficienciesand efficienciesof major nutrientswere
studied in a 16 year old rubber (clone RRII 105)
plantation which received varying levelsof nutrients
from the year of establishment onwards in South
India.

Materials and methods
Sudy site

The experiment was laid out at Kodumon
estate, Adoor, Kerala, India in 1989 in RBD with
threereplications. The soil was Ustic kanhaplohumults,
high in organic carbon content (1.95 per cent) and low
inavailable P (0.11 mg/100 g) and K (3.12 mg/100 g)
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with a pH of 4.7. The treatments were selected
combinations of three levels of nitrogen (30, 60 and
90 kg/halyr), two levels of phosphorus (30 and 60
kg/halyr), two levels of potassium (20 and
40 kg/halyr) and a control which received no
fertilizers.

Polybag plants of clone RRII 105 were
planted at a spacing of 4.9 m x 4.9 min 1989. The
gross plot size was 24 trees with a net plot size of
eight trees. Urea, rock phosphate and muriate of
potash were applied as the sources of N, P and K
respectively in two equal splits during April-May
and September-October every year. Mucuna
bracteata was maintained as cover crop during the
immature phase. All the cultural operations were
carried out as per the recommendation of the Rubber
Board.

Sample collection and analyses

Leaf samples were collected during 2005-06
and 2006-07. Period of leaf sample collection was
decided based on an earlier study in the region
(Abraham et al., 1997). Four net trees (excluding
the border trees) were tagged for leaf sample
collection. Fully expanded mature leaves were
collected during October to determine the maximum
nutrient content. Fully senesced leaves were
collected from the tagged trees by gently shaking
the branches during January. The sampling time of
senesced leaves varied during both years. During
December 2005, the rains were received up to 11"
of December. Leaf shedding was delayed and
samples were collected on 19" of January 2006.
During 2006, there were no rains after 26"
November and leaf shedding was comparatively
early. Senesced leaf samples were collected on
6" January 2007. The samplesweredried intheoven
at 70°C to constant weight and analysed for nutrients
as per the methods described by Piper (1966).
Nitrogen content was determined by Kjeldahl
method (Kjeltec 2300, Foss Tecator, Sweden),
phosphorus content by vanadomolybdate method
using autoanalyzer (AA3- Brant Luebbe, Germany)
and potassium content flame photometrically using
autoanalyzer. Calcium and magnesium contents
were determined using atomic absorption
spectrophotometer (Avanta- GBC Scientific
equipment Company Ltd. Australia).



Soil samples (0-30 cm) were collected during
October and analyzed for pH (1:2.5 soil water ratio),
organic carbon by Walkely and Black’s method
(Jackson, 1973) available phosphorus by
chloromolybdic stannous chl oride reduction method
using Bray Il extractant (Bray and Kurtz, 1945),
available potassium using flame photometer
(Morgan, 1941) and available calcium and
magnesium by ammonium acetate extraction (Voge,
1969) followed by subsequent determination by
atomic absorption spectrophotometer.

Resorption calculation

Because of the possible underestimation of
resorption efficiency (RE), if calculated on mass
basis (Killingbeck, 1988; Toet and Aerts, 2003;
Renteria and Jaramillo, 2005), we calculated RE
based on area basis. To determine the leaf area, four
leaves were collected separately from each plot and
theleaf areawas determined using aleaf areameter
(LiCOR). The element concentration on mass basis
was converted to area basis based on area per unit
weight of theleaf. Theresorption efficiency (%) was
calculated as the content of green mature leaves
(maximum content) minus that of senesced |leaves
divided by that of green mature leaves (Killingbeck
and Costigan 1988).

Nurg=1-(Nu, /Nu,)
Where, Nur_, - nutrient resorption efficiency

Nu_, - nutrient content of senescing leaves
(area basis)

N ugreen
basis)

- nutrient content of green leaves (area

The nutrient concentration in the senesced
leaves was considered as a measure of resorption
proficiency (Killingbeck, 1996), lower nutrient
concentration in the senesced leaves indicate higher
proficiency.

The different treatments were compared by
ANOVA. The effect of nutrient supply ratios were
compared by Duncan’s multiple range test.

Results and discussion
Soil nutrient status

After 17 years of fertilizer application with
graded levels of fertilizers, soil available P status
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was significantly higher in all the P applied plots
(Tablel). It ranged from 7.9 in the control to 197.8
mg/kg soil inthetreatment whichreceivedN_P, K |
indicating the possibility of reducing the dose of P
fertilizer in plantations which received regular
manuring previoudy. Soil organic carbon, available
potassium, calcium and magnesium did not differ
between treatments. Continuous fertilizer
application significantly increased soil acidity also.

Table 1. Soil organiccarbon, pH and availablenutrient status17 years
after commencing the experiment

Treatment pH OC (%) Available nutrients (mg/kg soil)
P K Ca Mg
0:0.0 463 230 79 406 173 8.6
30:30:20 449 238 1181 587 189 106
30:30:40 450 230 791 516 263 114
30:60:20 449 225 1076 491 307 082
30:60:40 451 248 1830 535 312 116
60:30:20 446 254 885 519 210 89
60:30:40 448 232 571 504 202 11
60:60:20 452 273 1272 500 237 838
60:60:40 445 255 1978 519 310 104
90:30:20 449 233 875 654 249 9.4
90:30:40 450 241 603 579 198 81
90:60:20 445 231 974 743 207 95
90:60:40 450 218 1155 556 256 838
SE 003 015 181 89 47 14
CD 0.10 NS 52.7 NS NS NS

Nutrient concentration of green leaves

Foliar nitrogen concentration in the green
leavesranged from 29.9mg g to 39.8 mg g* during
2005 and from 36.4 to 41.1 mg g* during 2006 and
did not indicate any treatment effect in both years
(Table 2). Concentration of P in green leaves also
did not indicate any treatment effect during 2005,
values ranged from 2.7 to 3.6 mg g*. During 2006,
the P concentration in green leaveswas significantly
higher in the plots which received higher levelsof P
fertilizers. Foliar potassium concentration also did
not indicate any significant treatment effect during
2005, values ranged from 6.9 mg gtin the control
to 10.9 mg g? in the plot which received NPK at
60:30:40 kg ha*. During 2006, K concentration in
the green leaves varied between treatments, but did
not indicate any definite trend. Foliar Ca and Mg
concentrations also did not indicate any treatment
effect.

Direct correlation between nutrient supply or
soil nutrient status and leaf nutrient concentration
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Table2. Nutrient concentration (mg g*) of green diagnostic leaves.
The experiment was commenced during 1989 and |eaf
samples were collected during October 2005 and 2006

Table3. Nutrient concentration (mg g?) of senescing leaves. The
experiment was commenced during 1989 and senescing leaf
samples were collected during January 2006 and 2007

NPK N P K Ca Mg
(kg ha’)

2005 2006 2005 2006 2005 2006 2006 2006

NPK N P K Ca Mg
(kg ha)

2006 2007 2006 2007 2006 2007 2007 2007

0:0:0 339 379 27 35 69 777 167 277
30:30:20 398 394 32 35 94 1077 1017 250
30:30:40 334 374 27 33 105 870 987 267
30:60:20 331 392 33 41 89 767 1170 317
30:60:40 337 364 30 46 93 950 1087 293
60:30:20 320 396 31 38 79 90 813 280
60:30:40 364 390 30 34 109 977 810 287
60:60:20 344 393 34 41 75 880 890 257
60:60:40 322 384 36 40 97 1007 1177 297
90:30:20 343 388 32 31 89 733 1043 263
90:30:40 333 371 33 34 87 783 1073 263
90:60:20 320 411 36 36 98 717 937 280
90:60:40 299 391 36 44 82 913 1073 300
SE 020 014 04 03 12 061 010 023
CD NS NS NS 08 NS 177 NS NS

0:0:0 216 241 160 193 40 190 883 323
30:30:20 205 203 180 190 64 583 1127 260
30:30:40 187 233 150 163 75 520 977 297
30:60:20 184 235 170 170 56 310 1090 287
30:60:40 187 196 210 170 62 370 1167 267
60:30:20 174 215 160 150 41 230 1083 253
60:30:40 189 211 110 130 72 330 1033 293
60:60:20 208 233 190 220 46 200 937 330
60:60:40 188 217 170 150 70 467 1300 293
90:30:20 17.7 190 140 130 38 110 1007 267
90:30:40 184 213 140 150 60 420 983 230
90:60:20 190 258 130 140 42 157 1147 237
90:60:40 189 213 130 130 60 240 1150 260
SE 12 15 01 02 07 058 108 031
CD NS NS 050 060 21 169 NS NS

is rarely reported in the various fertilizer trials
conducted in different rubber growing countries
(Shorrocks, 1960; Punnoose et al., 1975; Kalam et
al., 1979; Pushpadas et al., 1979; Jessy, 2004). In
our study also, continued application of graded
levels of nutrients influenced leaf P and K status
during 2006 only. The leaf nutrient status in the
control was comparable to that of treatments which
received fertilizers and this might be due to the
ability of rubber treesto maintain leaf nutrient status
without depending on added fertilizers. Rubber isa
forest tree which growswell in lessfertile soils and
its ability to acquire P from usually unavailable
forms of Piswell documented (Jessy, 2004).

Nutrient resorption proficiency

Nitrogen concentration in the senesced |eaves
followed the same pattern as that of green leaves,
no significant treatment effect wasindicated in both
years (Table 3). However, the absolute values of
nitrogen concentration was considerably low in
senesced |eaves compared to green leaves, ranging
from 17.4 to 21.6 mg g* during 2006 and 19.0 to
25.8 mg gt during 2007. P concentration in senesced
leaves ranged from 1.1 to 2.1 mg g* in 2006 and
from 1.3t0 2.2 mg g in 2007. Proficiency of Pwas
significantly (p<0.05) influenced by nutrient supply,
significantly higher proficiency (lower P
concentration) was observed in the plots which

received higher levels of N without a corresponding
higher level of P. Proficiency was higher in the
treatments which received lower levels of P. The
same trend was observed during both years.
Interestingly, proficiency of P was comparatively
lower in the control, indicating the lack of control
of P application in the P concentration of senesced
leaves. Inthe case of potassium also, rates of nutrient
supply significantly (p<0.05) influenced proficiency.
Lowest K concentration in senesced leaves (highest
proficiency) was observed in the N, P, K., in both
years (3.8 and 1.1 mg g?). K proficiency was
comparatively lower in the treatments which
received higher levels of K or lower levels of N

(Fig. 1).

K concentration in senescing leaves
(mg/g DW)
o
S

2005-06 2006-07

Year
Fig. 1. K resorption proficiency asinfluenced by N:K supply ratio
in a mature rubber plantation. Different letters indicate
significant difference (p<0.05)



K resorption efficiency (%)

2005-06

2006-07
Year

Fig. 2. K resorption efficiency asinfluenced by N:K supply ratioin a
maturerubber plantation. Different lettersindicatesignificant
difference (p<0.05)

The nutrient resorption proficiency (NRP),
the level to which nutrients are reduced in the
senescing leaves is directly influenced by nutrient
availability (Aertsand Chapin, 2000). Other factors
like source sink relations, timing of abscission,
activation of resorption machinery and initial green
leaf concentration a so influence NRP (Killingbeck,
2004). In our study, the concentration of N, Pand K
in senescing leaves were considerably lower in the
senescing leaves indicating withdrawal of theses
nutrients before leaf fall. Nitrogen resorption
proficiency was not influenced by N fertilizer
application. Unlike green leaf nutrient concentration,
the P and K concentration in senescing leaves were
significantly (p<0.05) influenced by treatments.
According to Killingbeck (1996), resorption of Pis
completeif litter concentration islessthan 0.5 mg P
per g dry weight in deciduous species and litter
concentration above 1.2 mg P per g dry weight
indicate incompl ete resorption and according to this
grouping, in Hevea resorption is incomplete. Toet
and Aerts (2003) studied the effect of N fertilization
on P resorption proficiency of six perennial species
and observed that the effect is species specific. They
suggested that the demand for P increased after N
fertilization and the species with incomplete
resorption could increase resorption proficiency
leading to lower litter P concentration after N
fertilization. However, in our study, the N/P ratios
did not significantly influence P proficiency. In the
control unfertilized plot aso, the P proficiency was
lower indicating that trees are not withdrawing Pin
higher amounts from the senescing leaves for
meeting their requirement. The effect of nutrient
supply ratios on nutrient concentration of senescing
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leaves was significant in the case of K, proficiency
was significantly higher when N/K ratio was wider
(Fig. 1). Thisindicates the nutritional control over
resorption proficiency in Hevea and this might be an
adaptive strategy of treesto maintain balanced nutrient
status within the trees. Calcium and magnesium are
accreted to the senescing leaves as in many crops
(Kilingbeck, 2004) and in rubber also, there was no
withdrawal of these nutrients before senescence.

Nutrient resorption efficiency

Nitrogen resorption efficiency (NRE) ranged
from 52 to 66 percent, PRE from 53 to 80 percent
and KRE from 48 to 88 percent (Table 4). Nutrient
supply influenced resorption efficiencies and the
effect of N/K ratio was significant in the case of
KRE. Wider N/K ratio significantly enhanced KRE
infertilizer applied plots (Fig. 2). Higher resorption
efficiency was observed during 2007 compared to
2006. In the case of calcium and magnesium, there
was no resorption except in a very few treatments
in the case of Mg.

Table 4. Nutrient resorption efficiency (%)

NPK N (%) P (%) K (%)

(kghal) 2006 2007 2006 2007 2006 2007
0:0:0 57 57 57 5% 6l 8
30:30:20 52 64 53 59 52 5
30:3040 54 56 56 62 6 55
30:60:20 56 60 57 717 60 71
30:60:40 59 66 53 73 48 T4
60:30:20 55 57 60 63 59 8
60:30:40 59 59 70 80 49 T4
60:60:20 58 55 58 6 59 8
60:60:40 58 58 61 3R R
90:30:20 59 61 58 7 0 8
90:30:40 80 61 60 71 8 T4
90:60:20 65 55 59 6 6 8
90:60:40 56 60 53 75 51 8
SE 444 324 40 501 329 392
cD NS NS NS 1463 960 1145

The resorption efficiencies of N and P
observedin our study werein the higher rangewhen
compared with majority of the reported values in
literature. A resorption efficiency of 22 percent in
the case of N and 26 percent in the case of P was
reported in a tropical dry forest in Mexico by
Renteria and Jaramillo (2005). Based on a large
literature survey, Aerts (1996) reported an average
resorption efficiency of 50 per cent in the case of N
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and P. The RE reported in a tropical dry forest in
India (Lal et al., 2001) is 58 percent for N and 50
percent for P. Inatropical dry forest in Venezuela, a
higher RE of 65 percent (N) and 64 percent (P) was
observed. In our study, RE was highest in the case
of K. Very few studieson K resorption werereported
sofar. Millaet al. (2005) reported that resorption of
K isless efficient than the resorption of N and Pin
Mediterranean woody plants. They suggested that
K is retained in the leaves during most of the
senescence phase to provide appropriate cell
hydration to conduct senescence adequately, and
after that, thereislittletimeleft to reabsorb K leading
to high amounts of K remaining in litter. Murbach
et al. (2003) aso reported high resorption of K in
Hevea in Brazil based on the calcium content of
green and senescing leaves. This indicates that the
hypothesis of Millaet al. (2005) isnot applicablein
rubber trees and the high efficiency of conservation
of K by rubber trees. The significantly higher KRE
and higher proficiency when the N/K supply ratio
is wide further support this. However, potassium is
leached easily from leaves (Killingbeck, 2004) and
hence the observation of high KRE can be explained
with caution only. In our study, nutrient supply was
manipulated for along period, and results might not
be similar in different sites with inherent fertility
differences.

Year to year variation in green leaf nutrient
status, resorption efficienciesand proficiencieswere
observed and this might be due to variation in
environmental parameters. Contrary to the reports
that early abscission result inlow resorption and late
abscission in elevated resorption (Killingbeck,
2004). In the present study, RE was lower when
senescence was delayed. This might be due to
reduced soil moisture availability as the senescence
occurred late in the season in 2006. Water stress has
been reported to reduce resorption in other crops
aso (Del Arco et al., 1991).

Rubber tree defoliates during the beginning
of the summer in December - January and refoliate
after 2 to 3 weeks in the middle of summer when
nutrient uptake is limited by soil moisture stress.
The results indicated that a substantial portion of
nutrients are resorbed by the trees before
senescence and these resorbed nutrients might be
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retranslocated and used for the rapid re-growth of
foliage. Among the different nutrients, K is
resorbed in the highest quantity. Proficiency and
resorption efficiency of potassium are influenced
by nitrogen supply rates.
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