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Abstract: Data are presented for nuirient (N, P and K} dynanics in 3- 10 5-year-old Bambusa bambos
plantations in eastern India. The nutyient concentration itithe various biomass components of the bamboo
was generally in the order of leal > rhizome > root > branch > calm, with the nutrient elements in the
order of N > K > P The maximum amoumnt of all nutrients was accumulated in the culms, followed by
branches, thizomes, leaves and roots. Considerable reduction {55-62%%) in cancentraticn of nutrients
{N, Pand K) in lcaves occurred during senescence. The uptake of nutrients by bamboo with and without
adjnsiment for internal recycling has been calculated separately. Annual transfer of nutrients through
litter and roots to the soil was 49.2.58. 7 N, 2.7-3.1 P and 40.4-48.9 K kg ha'year!. Annual turnover
rate of nuisients on the Noor of different aged bamboo plantations ranged from 69 to 93 per cent.
Compartmentai models for nutrient dynamics have been developed to represenit the distribution of nutriemt
pools and nei annual fluxes in 4- and 5-year-old bamboo plantations, It is concluded that bamboo
plantations make an efficient use ol nutrients through intermal recycling and conserve nulrients by
accumulation in phytomass and immebilization in the decompesing leaf mass.

Key words: INutrient budget, litter, nuirient pool and flux, nutricnt retransiacation.

INTRODUCTION

India is endowed with rich diversity of bamboos consisting of about 23 gencra and
over 100 indigenous species spread over an arex of 10.05 miliion ha or about 12.8 per
cent of the total forest area of the country (Jain and Biswas, 2001; Shanmughave! et
al.. 2002). There is a need for quantitative information on nutrient cycling for
sustainable production of bambooe. In a given climate, primary production is generally
influenced by the availability of rutrients, which in turn. depends on the pattern and
rale of their cycling (Das and Chaturvedi. 2003). Inlormation on putrient relations of
bamboo is scarce (Tripatiu and Singh, 1994, Shanmughavel er af.. 2002). In this paper
we, therefore, present the results of a study on uptake, return. tumover and cyeling of
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nutrients in Bambusa bambes plamtations growing in the calciorthent soil of Bibar,
India.

METHODS

The study area and the species characteristics of the B. bambos have been described
in a related paper (Das and Chaturvedi, 2006). Fresh samples of different bumboo
components viz., culm, branch, leaf. rhizome. coarse roots (> 2 mm dia) and fine
roots (< 2 mm dia), were taken from the field and brought to the laboratory. Composite
samples of each component were oven dried at 80°C to a constant weight. The samples
were mitlground. Five replicates each of 0.5 g of dry plant material were analysed for
total nitrogen, phosphorus and potassium. Total nitrogen was determined by micro
Kjeidahl method. Phosphorus was dctermined colorimetrically using
spectrophotometer and K with a flame photometer.

Nutrient stock (kg ha™") in differcnt bamboo components was computed as the sum of
the products obtained by multiplying the dry weight of the components with the mean
nutrient concentration, The values of nutrient stock in different components were
summed to obtain total nutrient storage in bamboo plantation. Nutrient uptake
(kg ha''year '} was computed by multiplyving the value of net primary productivity of

Table 1. Mean nutrient concentration (% + SE) in different components of B. bambos

~Components N - P K
Currciit year bamboo
Young shoots 2.20+0.060 0.16+0.002 1.85+0.021
Culm 1.01+0.006 0.06+0.001 0.90+0.003
Branch 1.20+0.003 (.08+0.002 1.10+0.023
Leaf 2.0940.025 0.14+0.006 1.604-0.008
> L-year-old bamboo
Cuim 0.57+0.003 0.04+0.002 0.55+£0.005
Branch 0. 72460007 0.05x0.001 0.68+6.003
Leaf 1.86+0.102 0.12+0.006 1.05+0.024
Rhizome 1.2040.012 0.06+0.003 .77+0.000
Roots 0.91+0.003 0.04+0.001 0.70+:0.006
Littcrfall
Leaf 0.50+0.005 0.03+0.001 0.60+0.003
Now-feaf 0.70+0.003 0.04+0.001 0.40+0.001
Liuer luyer
Fiesh leal 0.90+0.002 0.00+0.002 0.28+0.000
Purtly decaved 25040043 0.12+0.004 0.30:0.001

Wood litter 0.75£0.006 0.03£0.001 0.44:+0.008
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Table 2. Nutrient stocks (kg ba''t SE) in different coraponents of 8. bambos

Age  Nutrient Leal Branch Culm  AGB™  Rhizome Rool BGB'  Total
(yeuars)

3 N 6910 35376  Be7.66 120052 17712 1138 I8850  1479.02
+4.25 45002 +4298 #3897 4987 4165 876 +76
P 454 2580 54.92 B5.26 886 050 9.36 94.62

+0.28 4187  +410  +693 4087 003 076 +7.43

K 4642 32797 80176 (17615 113.65 875 (224 129855
£343 £4976 15490 3998 4774 011  #856  +12.02

4 N 8L.18 42413 1057.34 1562.65 21612 1356 229068 179233
£5.82  £57.08 68407 +65.05 18062 4086 +2190  +57.67
P 5.33 30.93 6692  103.18 10.81 1060 1L.41 114.59

#0532 1334 +5.98 +852 1058 +0.82 +0.13 +8.76

K 3453 39320 97703 142476 13868 1043 14903 157379
+2.08 3925 +61.09 1B7.19  +4.61 +1.08 +22.34 +76.07

3 N 07.22 52426 132088 194236 27024 16.65 2B6.89 222925
+8.03 5965 +74.08 +7889 +42.61 137 13985 18108
P 6.38 38.23 8360 12821 {351 073 14.24 14245

+0.21 +2.51 +8.90 1141 +0.89  10.02 +0.87 +5.62

K 6530 48603 122056 177189 17340 1281 186.21 1958.10
+3.54 526! +69.86 48890 +1395 4012 1398 49834

'AGB: Aboveground biomass; *BGB: Belowground biomass.

different components with their respective nutrient concentration. Values of nutrient
uptake by the components of bamboo were summed up to estimate total uptake by the
plantation. The amounts of nutrients transferrcd to the plantation floor via litterfall
were calculated. The turnover rate (&) for each element on the plantation floor was
calculated as &k = A/ (A+F) where, A is the amount of nutrient added to the plantation
floor by litterfall and F is the nutrient content of the lowest value of floor litter in the
annual cycle (Lodhiyal et al., 1995). Turnover time (#) was calculated as the reciprocal
of the turnover rate (k).

Consistently every year, in the months of September and December, 100 each of
green (mature) and senescent leaves were taken for nutrient retranslocation estimates,
Since, rainfall is negligible in the region when leaves senesce, the effect of leaching
on nutrient loss from the leaves 1s fikely to be negligible.

Three soil samples were collected at randoin from each of the three permanent plots
during October in 2000, 200t and 2002 from four depths (0- 15, 15-30, 30-45 and 45-
60 cm). The samples from within a plot were thoroughly mixed to yiekd one composite
sample per plot. Large pieces of plant rmateriuls were vemoved and the soil was sieved
through a 2 mm mesh screen. Available N was estimated by alkaline permanganate
method (Chopra and Kanwar. 1982). Avaitable P O, was extracted in a mild H, 80,
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Table 3. Reduction in nutrient concentration {% + SE} during senescence in foliage of B.
bambos

Folizge N o K
Foliage attached green 1.98+0.044 0.13+(3.006 1.3340.021
Attached senescett non-green  0.90+0.025 0.05+£0.002 0.60+0.020
Kelative change (%) -545 -6l.5 -549

(0.002 N selution) by shaking for 3{) min followed by the development of blue colour,
which was measured using spectrophotometer. Available K,O was extracted with
neutral I N NH,OAc using soil to extractant ratio of 1:5. The potassium in the extract
was determined with the help of flame photometer as described by Jackson (1967).

RESULTS AND DISCUSSION

Nutrient concentration

Nutrient concentration within the plant component showed little difference with the
age of the plantation and therefore, pooled data en nutrient concentration are presented.
The mean nutrient concentration varied widely amongst the compenents (Tablel).
The relative concentration of nutrients, in diminishing order was: N > K > P. Young
shoots and Icaves of bamnboo had greater concentration of all nutrients. All aboveground
componeunts of the current year bamboo shoots showed 1.1-1.8 times greater nutrient
concentration than the corresponding components of culms aged more than a year.
The concentration of nutrients in the various biomass components was generally in
the order of leal > rhizome > root > branch > culm. These results are in general
agreement with those obtained from Bambusa vulgaris plantation (Shanmughavet ¢

2002} and Dendrocalamus strictus plantation (Tripathi and Singh, 1994). The
Icaf component is metabolically most active and accurnulates maximum amount of
nutrients (Das and Chaturvedi, 2005).

Nutrient stocks in plantation

On a per hectare basis, the nutrient stock of the standing bamboo increased with
plantation age, because of an increase in dry matter accumulation. The total nutrient
stocks in the 5-vear-old plantation were about 1.5 times greater than that of the
3-vear-old plantation (Table 2). Among the different bamboo components, the greatest
nutrient stocks resided in culms due to their high proportion of biomass, although
citlms had the lowest nutrient concentranon. These findings are in accordance with
~ the findings of Veda (196(0) for Melocanna baccifera and Tripathi and Singh (1994}
for £ stricris. The relative contributions of different components 1o the nutrient slocks
in bamboo were gencrally in the order: culm > branch > rhizome > leaf > root. The
nutrient stocks in the above and belowground btomass were inthe order of N > K > P.
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Table 2. Nutrient stocks (kg ha''+ SE) in different components of B. bawnbos

Age  Nutrient Leaf Branch Culm  AGB"  Rhizome Root BGR® Tonat
(years)

3 N 69.10 35376 86766 1290.52 177.12 1L38  188.50 1479.02
+125 45002 44208 45897 4087 4165  +876 476
P 454 2580 5497 8526 886 .50 936  94.62

028 +187 4410 4693  +0.87 003 076 4743

K 4642 32797 801.76 117615 11365 875 1214 1298.55
+3.43  +4%976 +£54950  +3998 +7.74  +0.1! +8.56 13202

4 N SEIB 42413 105734 156265 216.12 13.56  229.68 1792.33
+5.82 45708 +68.07 46505 +8.62 08O +2190  +57.67
P 333 30.93 6092  103.18 10.81  10.60 11.41 114,59

0352 334 +5.98 +8.52 +0.58 £0.82 +0.13 18.76

K 5453 39320  977.03 142476 138.68 1043 14903 157379
+208 +3925 +6109 +87.19 4461 108 #2234  176.07

5 N 97.22 52426 132088 194236 27024 1665 28689 21229.25
+803 #59.08 7408 17889 4261 +137 £3985  +BL08
P 638 3823 8360 128.21 1351 0.73 14.24 142.45

+G.21 4251 +890 +I1.41 +0.89 +0.02 +.87 +5.62

K 65.30 486.03 1220.56 1771.8% 17340 1281 186.21 1958.10
+3.54 +52.61 16986 8890 41395 +0.12 11398 19834

"AGB: Aboveground biomass, "BGB: Belowground biomass.

different components with their respective nogrient concentration. Values of nutrient
uptake by the components of bamboo were summed up to estimate total uptake by the
plantation. The amounts of nutrients wansferred to the plantation floor via litterfall
were calculated. The tumover rate (k) for each element on the plantation floor was
catculated as k = Af{A+F} where, A is the amount of nutrient added to the plantation
(loor by litterfall and F is the nuerient content of the lowest value of floor litter in the
annual cycle (Lodhival er al., 1993). Tumover tirne {¢) was calculated as the reciprocal
of the turnover rate (k).

Consistentiy every year, in the months of September and December, 100 each of
green (mature) and senescent leaves were taken for nutrient retranslocation estimates.
Since. rainfall is negligible in the region when leaves senesce. the effect of leaching
on nutrient loss from the leaves is likely to be negligible.

Three soit samples were cotlected at random from each of the threc permanent plots
during October in 2000, 2001 and 2002 from four depths (0-13. 15-30, 30-45 and 45-
60 ¢m). The samiples from within a plot were thorouaghly mixed to yield one composite
sample per plot. Large pieces of plant materials were removed and the soil was sieved
through a 2 mm mesh screen. Available N was estimated by alkaline permaaganate
method (Chopra and Kunwar, 1982). Available Psz was extracted in a mild H,50,
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Table 4. Uptzke of nutrients by different components of B. bambos

Ry

Age Nutnenl

Crross uptake/er uptake (ke hu'year' £ SE)

(ycars) Leaf Branch  Culm ABG
1 N 12.08 7057 189.68 27213
+10% £3.26 2321 +28906
(550 (265.55
027 +20.09)
P G.79 5.13 12.00 17.92
+0.03 023 087 +1.54
(0.30 {1443
+0.83) +0.63)
K 811 65.23 175.27 248.61
+0.68 +4.87  +38.09 +34.08
(3.66 (244,16
+0.07 +38.75)
5 N 16.04 100.12  263.534 37971
+0.72 +30.08 14124 +4104
(730 (370.97
+0.06) +38.96)
F 1.05 7.30 16.68 23,03
+0.05 008 221 +2.21
(0.40 (2438
+0.01) £2.69)
K 1077 92.83 24355 M7I13
+0.51 +10.21  +36.21  +33.08
(486 (34122
+0.09} £20.07)

Rhizome Root

30.00
+1.95

1.95
+0.05

2503
+1.48

54.12
+2.04

270
+0.23

34.72
+2.91

RGP Total
2138 41.18 313.31
+0.06 +2.12 +35.62
{306.73
+31.20)
010 2.03 19.97
+002 1012 +1.97
{1943
+1.25)
1.68 2671 27532
+009 +1.24  £25.76
(270.87
+28.96)
3.0% 57.21 436.92
+0. 16 +2.89 +34.87
(428.18
+37.08)
¢.13  2.83 27.86
+0.02 +0.12 +2.71
i27.21
+2.87)
238 310 28423
+0.07 +1.87 +29.07
{378.32
+39.00)

“Values in parentheses aie net nutrient uptake afler adjustment for internal recycling.

The increase in nutrient content of standing bamboo with siand age has a direct bearing
on the otal biomass of plantation {Tundon er al., 199]). In the present plantation,
branches and foliage, which together represented about 25 per cent of total biomass
{Das and Chaturvedi. 2006). generally contained about 40} per cent of total nutrients.
Thus, leaving behind branches and leaves at the site at the time of harvest, would
reduce the nuirient cost. Additionafly, the siash left on the ground would act as muich,
helping to improve soil conditions.
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Table 5. Nutrient rehwrn (kg ha' year! + SE) through literlall in 8. bambos plantation

Age Compnents Nutrient rewre (kg ha' yr)
{Years: N [ K

3 Lcaf 41.538+4 .86 231+0.12 27724128
Nan —leaf 3.08+0.29 G.18+0.02 1.7620.07
Total 44664520 2.4940.32 20484203

4 Leaf 45.7215.07 2.5440.36 30.4542.43
Non-teafl 4414109 0.25+0.03 2.5210.26
Total 50.134378 2.79+0.56 3300+2.42

5 Leafl 55624471 3.09+0.74 37084298
Non-leuf 5.32+40.98 O.304-6.02 3044032
Total 60.94+£4.98 33041087 44,123,958

Retranslocation of nutrients and nutrient uptake

A considerable reduction in conceatration of nutrients occurred in leaves during
senescence indicating nutrient retranslocation to other parts of the plant. On an average,
the concentration of nutrients in leaves decrcased between 54.5 and 61.5 per cent
(Table 3). Evidemly, a significant amount of nutrients 1s recycled internally. This
degree of retranslocation of nutrient is believed to be more commaon in nutricnt poor
habitats (Emnst and Tolsma, 1989) and the elements normally in short supply tor plants
are efficiently redistributed before senescence of leaves (Seaff and Berg, 1981). The
translocation of nutrients from the senescent parts is considered (o be an adaptation to
minimise the nutrent loss and (o meet the nutrient demand of new growth (Fife and
Nambiar, 1982}, Such a nutrient conserving mechanism used by 8. bambos may lead
to a degree of independence from soil as nutrient source but it also means reduced
transfer of nutrients through litter, a factor which may favour poor nutrient availability
and tight cveling of nutrients in the ecosystem.

Amount of nutrient uptake is usually directly proportional to the size of net primary
production. In the present study, hence, the gross uptake and net uptake (after
adjustment for retranstocation of nutricnts from senescing leaves) of B. bambos
increased with the age of the plantation (Table 4).

Nutrients in lilterfatl and litter kayer

Leaf hitter mostly showed greater nutrient concentrations than wood litter {Table | ).
The bulk transfer of aboveground nutrients to the soit threugh litterfall occurred in
the cool dry part of the year. Nutrients returned through litterfall 1o the Moor in
plantation increased with the age of the plantation (Table 3). The order of nutrient
return Lo the {loor of the plantation was: N > K > P. Of the tota) nulrient return
through litterfall. 91-94 per cent s returned to the plantation floor through leaf litter.
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Table 6. Nutrient content {kg ha'' £ SE} in litters of plantation floor of B. bambos
Age Floor litter Rainy Winter Surmmer
(years} Components
N P K N P K N P K
3 Fresh leaf .08 007 038 1422 095 7.58 1230 132 1056
+0.07 20002 +002 +£1.09 003 072 112 1006 +1.02
Pantly decayed 4000 192 640 3775 {81 6.04 1375 066 220
litter 576 +0.03 1014 £2.42 1004 1098 +1.09 002 008
Wood liter 555 022 326 540 022 347 563 023 AW
+0.12 +0.04 +0.08 +02] +003 008 023 +002 +024
Fotal 4063 221 1024 5737 298 1679% 39108 221 1606
+6.74 +0.08 +0.82 +4.2]1 025 +125  £3.70 007 198
4 Fresh {eaf 144 010 077 1458 097 1.78 2052 137 1054
3.0% £0061 £0.01 +1.43 007 015 +297 004 +072
Partly decaved 425 204 680 39.00 187 6.24 20,50 098 128
litter 16.85 +0.06 +0.75 335 002 4012 +£345 1007 +0.12
Wonnd litter 570 023 33 535 022 126 5.70 0.23 3134
1041 +0.01 +0.07 +0.18 +0.01 4012 +1.07 =002 0371
Total 4964 237 1091 5913 306 1728 4672 258 1756
+6.12 +0.2 +0.97 +892 +092 +1.17 +5.24 1009 +1.354
5 Fresh Jeaf 1.98 013 106 (638 109 8.74 2106 1.40 123
04 +002 2007 #1145 009 +098 221 +002 +142
Partly decayed 4702.26 7.52 4350 200 696 2750 132 440
liter 623 +007 +0.89 +4.87 +091 4029 £1.54 004 0.09
Wood litter 593 024 348 563 023 330 5.85 0.23 343
+071 +003 +0.75 +072 +002 008 053 «+0.03 009
Total 5491 263 1206 655t 34l 1900 5441 295 1904
1842 009 £1.29 +870 +009 109 3531 1007 +1.72

Of the annual nutrient uptake (net) by B. bambos plantation, 14.2-16.3 per cent for N,
12.5-14.3 per cent for P and 10.6-12.2 per cent for K are returned to the soil through

iilt._::l'fall .

Partly decayed litter on plantation floor showed 2.8 imes more N and 2 times more
I’ concentration compared with the fresh leaf litter, while K concentration of fresh
teaf of litter layer was 1.2 timies more than that of partly decayed litter, This showsa
strong immobilization of N and P by partly decayed leaf litter. This 1s supported by a
study by Tripathi and Singh (1992) in dry tropical barmboo savanna. Wood litter was
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Table 7. Ternover rate ¢k, year') and tumover time {£, yeary of nutrients on the floor of B.
bambas plantation

Nutrient Age of the plartation {years}
3 4 5

Nitrogen

k 0.76 071 0.69

! 1.32 1.41 L.45
Phosphorus

k 0.79 074 032

! 1.27 1.35 1.39
Potassium

k 0.93 a.91 0.90

H [.0§ 1.10 1.11

poorest with respect to N and P. The floor nutrient mass of different aged bamboo
plantation is shown in Table 6. The turnover rate of nutrients on the plantation floor
decreased, while turnover time increased with the age of the plantation (Table 7).

Nutrient cycling

Compartmental models of nutrient cyeling in B. bambos plantation are presented in
Figures 1 and 2. Net annual fluxes between compartments are given on arrows
(kg hayear?). Compartments show average nutrient pools (kg ha'). The soil to a
depth of 60 cm s considered as a reservoir for the nutrients. Contents of N, P and K
shown in the soil pools are available fractions and slightly increased with the age of
plantation. The direction of nutrient flux from soil 1o foliage indicates a one-way
movement, although it is reakized that as the nutrients are utilized by the foliage in
organic matter synthesis, they are redistributed among different components at varying
rates, giving rise to internal cycling. Nutrients transferred through litterfall to the soil,
therefore, were less than foliage content. The total amount of nutrient retranslocation
from the senescing leaves of the bamboo increased with the plantation age from
0.6N, 0.5 Pand 4.4 K kg ha''year' in 4-year-old to 8.7 N. 0.7 P and 5.9 K kg ha'year! in
5-year-old plantation. The recycling supports a portion of the production of new foliage,
dinrinishing the demand from soil (Rawat and Singh, 1988). Thus, the actual amount
of uptake from the soil pool for foliage of 4-year-old plantation was reduced to 5.5 N,
0.3 Pand 3.7 K kg ha'year'. Similarly. foliage of the 5-year-old plantation actually
reccived 7.4 N. 0.4 P and 4.9 K kg ha 'year' from the soil pool.

The suil compartment received vutrients consequent to relcase by deconposition of
litter and roots. This release from ditter amounted 1o 69-91 per cent of the nutrients
contained in annual hiuer. On the basis of a turnover time of less than one year, the
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fine roots returned about 39 per cent N, 29 per cent P and 35 per cent K compared
with the aboveground littesfall. Total release (litier + roots) accounted for 13.7-16.0
per cent N, 11.4-13.8 per cent P and 12.9-14.9 per cent K of (he total net uptake of
nutricnts by the bamboo plantation. The nutrient budget indicated the retention of
79-82 per cent N, 83-85 per cent P and 84-86 per cent K in the standing biomass of
barboo over the annual cycle. Retention of nutrients by the bamboo plantation over
the annual cycle is in conformity with the aggressing nature of the system as indicated
by the net primary preduction of 8. bambes (Das and Chaturvedi. 2006).

CONCLUSION

The present study provides basic information on nutrient storage, uptake and dynamics
of 3-to 5-year-old plantations of B. bambos growing in caiciorthent soils of the north-
west alluvial plains of Bihar. The plantattons make efficient use of N, P and K through
internal cycling and conserve these nutrients in rhizomes, culm and roots to meet the
nutrient demand of newly emerging bamboo shoots in summer. The retranslocation
of nutrients before litterfall increases the nutrient-use efficiency of the ecosystem. In
bamboo plantations, while the shoot harvest results in substantial nutrient export, the
increased belawground allocation of nutrients fotlowing the harvest probably
contributes to the resilience of B. bambas, which reaches maturity within a short
period of 4-5 years.
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