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Agroforestry Systems and
Management Options

The complexity of understanding the impact of various

farmers’ decision on tree-crop systems performance arise
from:

1. the vast number of choices,
2. the complex interactions between various choices,

3. time lag between the time decision was taken and its
effect on final output and

4. the final outputs are also strongly influenced by site
characteristics, weather/climate variability and fluctuating
prices of input and outputs.
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= WaNuLCAS (Water, Nutrient and
ngh'r Capture in Agroforestry Systems)

Site characteristics, climate & weather

l Strategic ChOiceS,' tree species & planting pattern (multi-year)

2 Tree growth in interaction with crops, weeds soil and climate
(& Light capture Water capture Nutrient capture
—=' Reduce light + Reduce water runoff + Reduce nutrient loss
=> intensify at crop - Compete for soil water - Compete for soil
© level content nutrient
g +/- Hydraulic equilibration
Observations Observations Observations
Tree biomass, canopy ™= Rainfall, runoff, interception = Litter input,
width & height = Soil water content = Available N & P stock
= Root distribution = Deficiency symptoms

Tactical choices: ~ Options ——=>=
(yearly/monthly basis):

= Crop choice & management
®Tree canopy pruning
®" Tree root pruning

WaNulLCAS

Tradeoffs

Crop yields

Tree products

Input requirements
Environmental services
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Objectives

* To explore the tactical and strategic decisions

of farmers using a tree-crop interactions
model WaNuLCAS.

* To find the domains where tradeoffs of the
benefit from tree and crop, with some

benefits from ‘complementarity’ of tree — crop
Interactions.
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= Work Flow

Model Calibration and Validation

Treegrowth
—> Data:allometricequationand —
characteristic of tree

Soil condition
Data:soil texture, SOM, BD =
—> soil hydraulic propertis —
Data:soil phosphorousand

Model Validity test Simulation scenarios for

input L1 [|nitrogen Loague and Green N——
parameterization e | (1999) ——> Sane
Climate Simulationvs
Data:raifall, potential L measurement (tree
evapotranspiration, soil growth)
temperature
Management

Data:Date of planting, date of
fertilizer application, pruning,
dose of fertilizer, etc
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Input
parameterization
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Work Flow

Model Calibration and Validatior

—

Treegrowth
Data:allometric equationand —
characteristic of tree

—

Soil condition
Data:soil texture, SOM, BD =
soil hydraulic propertis i
Data:soil phosphorousand
nitrogen

Climate
Data:raifall, potential
evapotranspiration, soil
temperature

Management
Data: Date of planting, date of
fertilizer application, pruning, B
dose of fertilizer, etc

Cassava
monoculture
(weed-free)
Tree +
Cassava
(weed-free)

100 N 60 P

100 N 60 P

Paraserianthes
falcataria,
Acacia
mangium,
Swietenia
macrophylla
Hevea
brasiliensis

0.25X0.25

4%x2/
1250

6x3 /556




Work Flow

1. Comparison between
measurement and simulation:

— Tree growth: tree height, tree
Model Validity test > diameter, canopy width, canopy

Loague and Green

P (1999) | height, tree biomass

Simulationvs

measurement (tree

growth) rx: Cassava yIE|d

2. Model validity test: Loague and
Green (1999)
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Crop monoculture
(weed-free)

Tree monoculture
(weed-free)

Tree +cassava : effect
of widening tree row
spacing on crop yield

Tree + cassava:
alternative spacing
designs on tree — crop
yield
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Work Flow

100N 60 P

100 N 60 P

P. falcataria,
A. mangium,
S. macrophylla
H. brasiliensis

P. falcataria,
A. mangium,
S. macrophylla
H. brasiliensis

P. falcataria,
A. mangium,

S. macrophylla

H. brasiliensis

0.25x0.25

4x2,8x2, 10x2,
12x2,16x2,3x3,
4x4,8x4, 8x8
6x3,9x3,12x3,
15x3,6x3,5x3,
4x4,6x6,12x6
4x2,8x2, 10x2,
12x2,16x2

6x3,9x3,12x3,
15x3

Narrow
4x23x3,4x4
Wide

8x4,8x8
Narrow
6x3,5x3,4x4
Wide

6x6,12x6

1250, 625, 500,
417, 313, 1111,
625, 313, 156
667, 370, 278,
222, 556, 667,
625, 278, 139
1250, 625, 500,
417, 313

667, 370, 278,
222

1250, 1111, 625,

313, 156
556, 667, 625,

N
278, 139 AV
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Calibration and Validation

35
30 + ONe)
25 A
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154 O
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Simulation

O 5 10 15 20 25 30 35
Measurement

Cassava + H. brasiliensis
Cassava + S. macrophylla
Cassava + A. mangium
Cassava + P. falcataria
Cassava monoculture
1:1
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Strategic Decision: Length of
Cropping Period

Cass Tuber, FW Mg ha™

Cass Tuber, FW Mg ha™

25 1
20 A
15 4
10 -

25

20 A
15 4

10

Cassava + A. mangium

Cassava + P. falcataria

Year After planting trees

Year After planting trees
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Strategic decision: alternative
spacing designs

’ A B
—
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Year after planting trees Year after planting trees

A. Narrow spacing, B. wide spacing
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S Example of model application
Strategic decision: alternative

spacing designs

—

800 H
700 - r
600 - — B I
500 1
400 -
300 H
200 -

i il ol o o

narrow‘ wide

Wood Volume, m3 ha'l

narrow‘ wide narrow‘ wide |[narrow| wide

P.falcataria A. mangium |S. macrophylla| H. brasiliensis

OAF systems OMonoculture
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S Example of model application
Trade-off between tree and crop

yields

O + A. mangium
® + P falcataria
N A + S. macrophylia
; A + H. brasiliensis
— s + S. macrophylla
+ H. brasifiensis
_____ + P. falcataria
oz, W samesmesesennnns + A. mangium

o
o
7

Cum Cass tuber, FW Mg ha-1
5 S 3
O

o
Ji

0.0 0.2 0.4 0.6 0.8 1.0
e Higher Tree Density

Relative Wood volume at 10 years old tree
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Other Model Applications

* Pinto LF, Bernardes M, van Noordwijk M, Pereira A, Lusiana B and Mulia R.
2005. Simulation of agroforestry systems with sugarcane in Piracicaba,
Brazil. Agricultural Systems. 86: 275-292.

 Wise R and Cacho O. 2005. A bioeconomic analysis of carbon
sequestration in farm forestry: a simulation study of Gliricidia sepium.
Agroforestry Systems. 64: 237-250

 Martin FS and van Noordwijk M. 2009. Trade-offs analysis for possible
timber-based agroforestry scenarios using native trees in the Philippines.
Agroforest Systems.

 Radersma S, Lusiana B and van Noordwijk M. 2005. Simulation of soil
drying induced phosphorus deficiency and phosphorus mobilization as
determinants of maize growth near tree lines on a Ferralsol. Field Crops
Research. 91:171-184.

e Muthuri CW, Ong CK, R Black C, M Mati B, W Ngumi V and van Noordwijk
M. 2004. Modelling the effects of leafing phenology on growth and water
use by selected agroforestry tree species in Semi-arid Kenya. Land Use and
Water Resources Research. 4: 1-11
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Other Model Applications
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 Pansak W, Hilger T, Lusiana B, Kongkaew T, Marohn C and Cadisch G. 2010.
Assessing soil conservation strategies for upland cropping in Northeast
Thailand with the WaNuLCAS model. Agroforestry Systems.

* van Noordwijk M and Cadisch G. 2002. Access and excess problems in
plant nutrition. Plant and Soil 247: 25-40.

 Walker A, van Noordwijk M and Cadisch G. 2008. Modelling of planted
legume fallows in Western Kenya. (lI) Productivity and sustainability of
simulated management strategies. Agroforest Syst. 2008. (74)P. 143—-154.

 Walker A, Mutuo P, van Noordwijk M, Albrecht A and Cadisch G. 2007.
Modelling of planted legume fallows in Western Kenya using WaNuLCAS.
(1) Model calibration and validation. Agroforestry Systems. 70: 197-209.

e Cadisch G, Rowe EC and van Noordwijk M. 1997. Nutrient harvesting - the
tree-root safety net. Agroforestry Forum. (2).
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