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LITTER PRODUCTION AND NUTRIENT RETURN THROUGH
LEAF LITTER OF SELECTED CROPLAND AGROFOREST TREE
SPECIES IN SOUTHWESTERN BANGLADESH

SUMMARY

Cropland agro forestry is an important production system in southwestern
Bangladesh. Swietenia macrophylla, Mangifera indica, Zizyphus jujuba, Litchi
chinensis, Albizia saman, Artocarpus heterophyllus, Azadirachta indica, Melia
azadirachta, Khaya anthotheca, Eucalyptus camaldulensis, Acacia auriculiformis
and Dalbergia sissoo are the common cropland agro forest tree species of this region
and have been selected for this study. This study focused on litter production and
estimation of nutrient return through leaf litter of the selected tree species. Five trees
of individual species with average Diameter at Breast Height were selected and
whole tree covering method was followed for the litter production experiment.
Significant (p<0.05) differences in rate of litter production were observed among the
studied tree species and M. azadirachta showed the highest rate (553 g/week)
followed by S. macrophylla (525 g/week). The nutrients (N, P and K) concentration
in leaf litter found to vary significantly (p<0.05) among the species. Highest
concentration of nitrogen (13 mg/g) was detected in the leaf litter of M. azadirachta
and highest concentration of phosphorus (8.70 mg/g) and potassium (43.61 mg/qg)
were observed for A. indica. The estimated highest amount of nitrogen (76 mg/kg),
phosphorus (58 mg/kg) and K (229 mg/kg) can be returned from leaf litter of K.
anthotheca, A. saman and A. indica respectively. Among the studied species, M.
azadirachta, A. indica, E. camaldulensis and D. sissoo can be recommended as
timber species; and M. indica and Z. jujuba can be recommended as fruit tree species
for the cropland agro forest in the southwestern Bangladesh.
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INTRODUCTION

Bangladesh is a developing country where agriculture is the major
economic activity (Zashimuddin 2004). About two-thirds of the total land area
has been used for agricultural production. This country has the highest (964 per
square kilometer) population density (BBS 2011) which results shrink of per
capita land holding. Presently, the land holding is 0.045 ha/person which was
0.12 ha/person during 1975 (Ericksen et al 1997). This shrinkage in land holding
exerts intense pressure on crop production and other types of land use. Farming
communities are trying by all means to increase the land productivity through the
application of chemical fertilizers, use of high yielding crop varieties which in
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turn impact on biodiversity (Hasanuzzaman et al 2006). Considering these
circumstances, cropland agro forestry practices have shown their ability to hold
sustainable agriculture and better environment as well (Dwivedi 1992, Ahmed
2001). Azadirachta indica (A. Juss.), Melia azadirachta (L.), Eucalyptus
camaldulensis (Dehnh.), Mangifera indica (L.), Artocarpus heterophyllus
(Lam.), Dalbergia sissoo (Roxb.), Albizia saman (F. Muell.), Litchi chinensis
(Sonn.), Zizyphus jujuba (Mill.), Swietenia macrophylla (King), Khaya
anthotheca (Welw.) and Acacia auriculiformis (A. Cunn. Ex Benth.) are the
common tree species in the cropland agro forests and other type of agro forests of
Bangladesh (Quddus 2001, Hasanuzzaman et al 2006, Zaman et al 2010, Alam et
al 2012). But, these tree species have been planted in different agro forests
without considering the issue of productivity, sustainability, environmental health
and nutrient cycling.

Plant uptake nutrients for their growth and development and a portion of
these nutrients are accumulated in plant body. Conversely, considerable amount
of nutrients are returned to the soil through litter fall. Litter (leaves, bark, needles
and twigs) improves the soil quality through adding the organic matter and
nutrients to the soil (Ngoran et al 2006, Mahmood and Hoque 2008, Mahmood et
al 2009, Traidiati et al 2011). Leaf litter is the main and quick source of organic
matter and nutrient to the soil compared to other parts of litter which is available
through the process of decomposition (Mason 1977, Park and Kang-Hyun 2003,
Mahmood et al 2011). Litter from different tree species is mostly used as fuel in
the developing countries like Bangladesh where majority people burn the litter as
fuel (Hasanuzzaman et al 2014). Litter falls normally in small quantities
throughout the year, but peak (up to 90%) fall was observed during the spring
and early summer periods with long days, higher air temperature, limited
availability of water, higher wind speed and lower air humidity (Rapp 1969,
Arianoutsou 1989, Mahmood and Hoque 2008, Sanches et al 2008, Triadiati et al
2011). However, no attempt has been taken to screen or prioritized the tree
species of the cropland agro forests and other types of agro forest on the basis of
nutrient return capacity in the South Asian region as well as in Bangladesh.
Therefore, this study aimed to prioritize the commonly planted tree species on
the basis of litter production and amount of nutrient (N, P and K) return through
litter fall. This finding will help to influence people in using leaf litter as manure
rather than fuel and prioritizing the potential tree species for sustainable cropland
agro forestry practices and other types of agro forestry practices in Bangladesh as
well as other countries in the world.

MATERIAL AND METHODS
Description of the study area
Bangladesh is located between 20°34'-26°3' N; and 88°01'-92°41' E and
bordered by the Bay of Bengal on the South and India on all other sides along
with small part of Myanmar. Southwestern Bangladesh is a low (<10 m above
mean sea level) flat, and fertile deltaic plain which is predominated by calcareous
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to noncalcareous alluvium soils (BBS 2004). Three districts (administrative unit)
i.e. Khulna, Jessore and Satkhira were selected from southwestern Bangladesh,
that lies between 22°44'-23°14" N and 89°01'-89°36' E. A tropical to subtropical
monsoon climate characterizes this region with three distinct seasons i.e. summer
(March—May), rainy (June—October), and winter (November—February). The
monthly average rainfall is 155 mm, the highest average rainfall (339 mm)
occurs during the month of June to September and the lowest average rainfall (16
mm) occurs in the month of November to February of the study area. January is
the coldest month and May is the warmest month of the years. The mean annual
temperature is 26 °C with a range of 22-31 °C (Kabir and Webb 2008). The
average relative humidity is the highest (86%-88%) during the month of July to
August and the lowest (72%-74%) during February to April.

Litter production

The total height (m) and DBH (Diameter at Breast Height) of S.
macrophylla, M. indica, Z. jujuba, L. chinensis, A. saman, A. heterophyllus, A.
indica, M. azadirachta, K. anthotheca, E. camaldulensis, A. auriculiformis and
D. sissoo in the cropland agro forests of the study area were measured. Five
individual of each species with average DBH were selected for litter production
experiment. Whole tree covering method of litter production (Brown 1984) was
followed for six months from November 2011 to April 2012 (end of dry month).
Litter was collected on weekly basis and the collected litter was sorted into
leaves, small branches, flowers, fruits and miscellaneous materials. The litter
parts were then oven dried and weighted. The weekly rate of litter production
was also calculated. Moreover, the length, width and leaf litter area of individual
species were measured by using a leaf area meter (C1-202, CID, Inc, Washington,
US.A).

Nutrients in leaf litter

The oven-dried leaf litter samples of individual species were grounded,
processed and acid digestion according to (Allen 1974). The digested sample
extracts were processed according to (Weatherburn 1967) and (Timothy et al
1984) to measure nitrogen and phosphorus concentration in sample extracts
respectively using UV-Visible Recording Spectrophotometer (U-2910,
HITACHI, Japan). Potassium concentration in sample extracts was also
measured by Flame photometer (PFP7, Jenway LTD, England). The amount of
nutrient in leaf litter was estimated from mass of leaf litter and the concentrations
of respective nutrients in leaf litter.

Statistical analysis

The weekly rate of litter production of the studied species were compared
by one-way analysis of variance (ANOVA) followed by DMRT (Duncan
Multiple Range Test) using SAS statistical software. The relationship among the
rate of litter production and climatic factors (rainfall and wind speed) were
evaluated by correlation analysis using SAS statistical software. Nutrients (N, P
and K) concentration in leaf litter of different tree species was compared by one-
way analysis of variance (ANOVA) using SAS statistical software.
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RESULTS AND DISCUSSION

Leaf morphology

The highest range of leaf litter length (12.80 to 30.30 cm) and width (3.70
to 12.20 cm) were observed for K. anthotheca and the lowest values for length
(2.20 to 6.10 cm) and width (1.30 to 3.50 cm) were measured for A. saman.
Highest area (92.40 cm®) of leaf litter was observed for K. anthotheca followed
by Mangifera indica (77.55 cm?), A. heterophyllus (59.93 cm?) and the lowest
(09.02 cm? was measured for A. saman (Table 1). The leaf morphology (size,
shape, area etc.) found to vary among the species and this variation attributed to
age, thickness of leaf and internal arrangement (midribs, margins, venations) of
leaf/leaflets as well as environmental conditions and adaptation to different
habitats (Cordell et al 1998, Lugo et al 2003, Lamers et al 2006).

Table 1 Leaf morphology of different cropland agro forest tree species in
Southwestern Bangladesh

Leaf/Leaflet

Range of leaf Range of Average | Average

Name of species | Leaf Types | length (cm) leaf width leaf oven-dry

(cm) area weight

(cm?) (9)

Khaya Compound | 12.80-30.30 | 3.70-12.20 | 92.40 1.02
anthotheca

mg;‘gfera Simple | 12.30-31.00 | 3.40-6.00 | 77.55 0.94

Artocarpus Simple 9.30-15.30 | 4.70-7.80 | 59.93 0.72
heterophyllus

Eucalyptus Simple 8.70-20.70 | 1.80-4.70 | 40.16 0.63
camaldulensis

Swietenia Simple 5.30-16.30 | 2.00-520 | 57.26 0.62
macrophylla

Zizyphus jujuba Simple 2.50-9.20 1.80-5.80 20.94 0.39

Acacia Compound | 11.90-18.30 | 1.80-3.70 | 34.90 0.32
auriculiformis

Litchi chinensis Simple 10.70-25.60 2.80-4.60 42.30 0.28

Dalbergia Compound | 2.90-7.70 | 1.70-650 | 1289 | 0.17
SISSO0
Azadirachta Simple 3.00-8.20 1.50-2.40 | 10.04 0.06
indica
Melia

; Compound 2.30-9.10 1.30-3.20 10.83 0.06
azadirachta
Albizia saman Compound 2.20-6.10 1.30-3.50 09.02 0.06

Litter production and nutrients in leaf litter
The amount of litter production, time period and duration of peak litter
production found to vary with species. The highest amount (9.43 kg) of litter
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production was observed for K. anthotheca followed by S. macrophylla (8.94
kg), M. azadirachta (7.82 kg), while lowest amount (5.35 kg) was found for A.
saman (Figures 1 to 12). Significant (p<0.05) differences in rate of litter
production was observed among the studied species and M. azadirachta showed
the highest rate (553 g/week) of litter production followed by S. macrophylla
(525 g/week), K. anthotheca (361 g/week) and the lowest rate (263 g/week) was
reported for Z. jujuba (Figure 13). These variations in litter fall rates may be due
to the variation in leaf litter morphology, age and crown architecture of tree
species (Mahmood and Hoque 2008). It was identified that wind speed has
significant (p<0.05) positive relationship with litter production but rain fall
showed no significant (p>0.05) influence on it as the experiment was done during
the dry season (Table 2). This could be the reason for getting no significant
relationship among litter production and rainfall. However, Cornejo et al (1994);
Barajas-Guzman and Alvarez-Sanchez (2003); Cleveland et al (2004) and
Sanches et al (2008) reported that, rainfall and different climatic conditions
(temperature, water availability, wind speed, air humidity etc.) directly influence
the litter production dynamics. Among the litter parts, leaf litter contained the
highest proportion (95%) for A. indica followed by L. chinensis (94%), D. sissoo
(93%) and the lowest proportion (69%) was observed for K. anthotheca (Table
3). The proportion of litter parts found to vary and generally leaf litter contain
63% to 97% of total litter production which is species, age, size and site specific
(Arianoutsou 1989, Mahmood and Hoque 2008, Sanches et al 2008, Tripathi et
al 2009).

Table 2 Correlation among litter production, rainfall and wind speed

Name of species Wind speed _& litter Rainfall & litter
production production
Khaya anthotheca r=0.37,p=0.07 r=0.04,p=0.86
Mangifera indica r=0.50,p=0.01 r=0.10,p=0.64
Artocarpus heterophyllus r=0.33,p=0.17 r=0.16,p=0.33
Eucalyptus camaldulensis r=0.74, p=.027 r=0.22,p=0.46
Swietenia macrophylla r=0.49,p=0.04 r=0.10,p=0.70
Zizyphus jujuba r=0.50, p=0.02 r=0.07,p=0.75
Acacia auriculiformis r=0.69, p=0.04 r=0.09,p=0.70
Litchi chinensis r=0.16,p=0.44 r=-0.02, p=0.94
Dalbergia sissoo r=0.70,p=0.01 r=0.13,p=0.30
Azadirachta indica r=0.49, p=0.02 r=0.12,p=0.24
Melia azadirachta r=0.64, p=0.01 r=045p=0.11
Albizia saman r=0.62, p=0.02 r=0.20,p=0.39
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The nutrients (N, P and K) concentration in leaf litter varied significantly
(p<0.05) among the tree species. Highest nitrogen concentration (13 mg/g) was
recorded from leaf litter of M. azadirachta followed by E. camaldulensis (12.28
mg/g) and A. indica (12.15 mg/g). Highest phosphorus concentration (8.70 mg/g)
was detected from leaf litter of A. indica followed by A. saman (8.56 mg/g) and
M. azadirachta (8.50 mg/g). Highest potassium concentration (43.61 mg/g) was
observed in leaf litter of A. indica followed by M. azadirachta (39.53 mg/g) and
E. camaldulensis (37.23 mg/g) (Table 4). Irrespectively, highest amount (76
mg/kg) of nitrogen can be added from leaf litter of K. anthotheca followed by M.
azadirachta (72 mg/kg), E. camaldulensis (71 mg/kg). Highest amount (58
mg/kg) of phosphorus can be added from leaf litter of A. saman followed by M.
indica (53 mg/kg), M. azadirachta (47 mg/kg). Moreover, highest amount (229
mg/kg) of potassium can be added from leaf litter of A. indica followed by M.
azadirachta (219 mg/kg), E. camaldulensis (214 mg/kg) and the lowest amount
of 58 mg/kg can be added from A. saman. The variation in nutrients
concentration in the leaf litter of the studied species were found as the selected
tree species were from different families with varying nature of nitrogen fixing
capacity; rate of nutrient uptake and retranslocation; types of leaf shading
characteristics (i.e. evergreen, semi evergreen, deciduous, semi deciduous etc.);
growth and life form; characteristics of individual nutrients and soil
physiochemical characteristics (Elevitch and Wilkinson 1998, Mahmood and
Saberi 2007, Mahmood et al 2009, Ali et al 2013).

Table 3 Proportion (%) of litter parts of different cropland agro forest trees in
southwestern Bangladesh

Litter parts
. Leaf Small branches, | Flower | Fruits | Miscellaneo
Name of species litter <2cmin s (%) (%) | -us materials

(%) diameter (%) (%)
Khaya anthotheca 68.67 23.78 0.39 7.11 0.05
Swietenia 71.86 17.06 067 | 1032 | 0.06
macrophylla
Melia azadirachta 70.72 26.02 0.80 2.42 0.02
Artocarpus 88.75 4.95 159 | 457 0.12
heterophyllus
Mangifera indica 92.17 3.83 3.02 0.93 0.03
Eucalyptus
camaldulensis 83.05 8.53 2.50 5.29 0.17
Litchi chinensis 94.34 2.53 0.58 2.46 0.07
Dalbergia sissoo 93.34 2.90 1.55 2.14 0.04
Zizyphus jujuba 87.75 5.06 3.00 4.13 0.05
Acacia 88.76 4.62 236 | 4.17 0.06
auriculiformis
Azadirachta indica 95.32 2.88 0.79 0.96 0.02
Albizia saman 89.84 4.44 0.82 4.78 0.11
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The species specific variation in added amount of nutrients to soil may be
attributed to the variation of amount of leaf litter production and concentration of
respective nutrients in leaf litter. However, the estimated amount of nutrients can
be added to the soil through the complex process of leaf litter decomposition
(Mahmood and Hoque 2008). Among the studied species, M. azadirachta, A.
indica, E. camaldulensis and D. sissoo can be recommended as timber species,
and M. indica and Z. jujuba can be recommended as fruit tree species for the
cropland agro forests on the basis of litter production and possible amount of
nutrient return. Moreover, this priority list of species can be improved by
considering the local demand and end product of these species.

Table 4 Nutrients in leaf litter of cropland agro forest tree species in
southwestern Bangladesh

Nutrient concentration (mg/g) Amount of returnable

Name of nutrient (mg/kg)
Species N P K N P K
Melia

. 13.00+4.10 | 8.50+3.50 39.53£3.30 | 71.91 | 47.01 | 218.64
azadirachta
Eucalyptus

. | 12.28+1.60 | 8.10+1.10 | 37.23+1.30 | 70.53 | 46.52 | 213.81
camaldulensis

Azadirachta

indica 12.15+4.70 | 8.70+2.40 | 43.61+1.80 | 63.76 | 45.66 | 228.86

Albiziasaman | 12.00+2.40 | 8.56+5.10 | 33.15%2.10 | 57.74 | 57.74 | 57.74

Acacla | 49691360 | 2.6042.80 | 17.9741.20 | 61.13 | 13.37 | 92.40
auriculiformis
ﬂfgggus 11.8747.50 | 5.74+6.50 | 36.70+21.50 | 63.19 | 30.56 | 195.37
Khaya

11.6643.50 | 2.65+1.50 | 17.73+1.50 | 75.52 | 17.16 | 114.83
anthotheca
S:‘!gﬁrg'a 11.10+3.10 | 6.10+1.30 | 33.86+1.30 | 66.07 | 36.31 | 201.55
mgincg'fera 10.07+1.10 | 8.3942.90 | 31.20+1.50 | 64.22 | 53.54 | 198.97
Swietenia 9.0243.50 | 4.88+4.10 | 18.61+0.60 | 57.93 | 31.37 | 119.52
macrophylla
Artocarpus
heterophyllus | 7-82:380 | 131210 | 2464090 | 49.31 | 826 | 15537
Litchi

4.33+3.20 | 1.17+0.40 | 22.51+0.90 | 27.73 | 7.49 | 144.17

chinensis
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CONCLUSIONS

Litter can contributes a significant role in nutrient cycling and primary
productivity in any cropland agro forest ecosystem. On the contrary, different
high yielding varieties of agricultural crops have increased the indiscriminate use
of fertilizers in the croplands which leads the negative effect on the environment.
Therefore, species selection in cropland and other form of agro forest on the basis
of nutrient return can reduce the use of chemical fertilizer, which in turn
improves the soil quality and soil health.
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PRODUKCIJA STELJE | NADOKNADA HRANLJIVIH MATERIJA
KROZ LISNI OTPAD ODABRANIH AGROSUMARSKIH VRSTA U
JUGOZAPADNOM BANGLADESU

SAZETAK

AgroSumarstvo predstavlja vazan dio sistema proizvodnje u jugozapadnom
Bangladesu. Swietenia macrophylla, Mangifera indica, Zizyphus jujuba, Litchi
chinensis, Albizia saman, Artocarpus heterophyllus, Azadirachta indica, Melia
azadirachta, Khaya anthotheca, Eucalyptus camaldulensis, Acacia
auriculiformis i Dalbergia sissoo su karakteristi¢ne vrste drveca zastupljene u
ovom regionu i kao takve odabrane za naSe istrazivanje. Ova studija se bavi
proizvodnjom zelenog otpada i procjenom hranljivih materija kod lisnog
komposta (Sumske stelje) kod odredenih vrsta drveéa. Za eksperiment
proizvodnje otpada odabrano je pet vrsta drveca sa prosjecnim vrijednostima
precnika na prsnoj visini i primjenjena je metoda procjene kompletne biomase
drveta. UoCene su znacajne razlike (p<0.05) u proizvodnji organskih materija kod
razli¢itih vrsta drveca, tako da je najveca stopa zabiljezena kod M. azadirachta
(553 g/nedeljno), a odmabh slijedi S. macrophylla (525 g/nedeljno). Koncentracija
hranljivih materija (N, P i K) u lisnom otpadu znac¢ajno varira (p<0.05). Najveca
koncentracija azota (13 mg/ g) je pronadena kod lisnog otpada M. Azadirachta, a
najveca koncentracija fosfora (8.70 mg/g) i kalijuma (43.61 mg/g) su pronadene
kod A. indica. Izracunato je da najveca koli¢ina azota (76 mg/kg), fosfora (58
mg/kg) i K (229 mg/kg) moze da se nadoknadi iz lisnog otpada K. anthotheca, A.
Samana i A. Indica. Od ispitivanih vrsta, M. azadirachta, A. indica, E.
camaldulensis i D. sissoo se mogu preporuciti kao vrste drveca dok se M. Indica i
Z. jujuba se mogu preporuditi kao voéne vrste pogodne za agroSumarstvo u
jugozapadnom BangladeSu.

Kljucne rijeci: agroSumarstvo, njiva, lisni otpad, proizvodnja otpada,
proizvodnja hranljivih materija



