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3.5.1.  Crop root length density

Rt_ACType = 0 user input of maximum root length density for each layer i of zone j. Crop roots 

Rt_ACType = 1

   [29]

i -2 i ; 
-1

zonesi. 

Table 3.6. 

Rt_ACType Dynamics of root growth and decay

0

1 As in 0

2

-

uptake
- -



59

Chapter 3
Description of model sectors

i

Rt_ACType = 2 

not easily measured independently and the user may have to explore a range of values. 

at 0.

i
-1

version 1.2 root turnover is not

Figure 3.18.

of maximum Lrv
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values of this responsiveness are chosen, the calculated change in root length of an individual 
layer could exceed the total change in root length from decay and new root growth. We prevent 

Figure 3.19.

3.5.2. Tree root length density

Rt_ATType = 0 user input of root length density for each cell ij, and 

Rt_ATType = 1

  [30]

-2

-1

determined.

    [31]

where the Lrv00 .. Lrv11
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For Rt_ATType = 2

Rt¬ATType = 3

STELLA

For Rt_ATType = 2

    [32]

   [33]

     [34]

1 1
DiamSlopeRtWght, a2 2

   [35]

  [36]

       [37]

r
2.

max
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     [38]

t and SumDr
2

       [39]
and

      [40]

t

     [41]

      [42]

t

   [43]

3.5.4. Root diameter and mycorrhiza

  [44]
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    [45]

Figure 3.20. 

root diameter exists when root length 

3.6. Light capture

Faidherbia albida is during the crop growing season. 

The current approach has evolved from that in WaNuLCAS where only a single tree plus crop 

If light capture of n 2n-1 canopy layers 

of one of the components. In WaNuLCAS we chose, however, to use only n canopy layers, using 
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leaves spread evenly within that layer. 

h 1

l 1

h2

l 2

LAI(1) LAI(2) Light intensity

H
ei

gh
t

e-k  LAI
1 11

e-k  LAI
1 1
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2 2
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Light intensity

H
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2 2

1
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3

1

2

3

A.

B.

Figure 3.21.

1. pi
2. j  j

the highest, for j
3. calculate the LAI of each plant component i in each canopy layer j

  [46]

i
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4. 

  [47]

   [48]

6. 



66

WaNulCAS 4.0
Background on model of Water, Nutrient and Light Capture in Agroforestry Systems

3.7. Crop growth

1. 
2 g-1

2. 

3. 

4. 

-2 day-1

which will depend on the crop species,  
6. 

9. 

  

Figure 3.23

demand is decreasing.

Rel_Light_Capture MaxGroLUE* *PotGro =

Biomass LWR SLA

LAI

shading

min(NPosGro,
WaterPosGro)

climate
data, or
input
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Physiological stage

Light
Use
Effi-
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-1 day-1

-1 day-1

-1 day-1

2 g-1

-1 day-1

DwSt is recorded

 TimeVeg
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2

STELLA

the harvest index. 

procedure outlined.
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Days after planting
0 10 20 30 40 50 60 70 80

D
ry

 w
ei

gh
t, 

M
g 

ha
-1

0

2

4

6

8

10

12

14
Rice

total dry weight

grain

stem

leaf

Days after planting
0 20 40 60 80

D
ry

 w
ei

gh
t, 

M
g 

ha
-1

0

2

4

6

8

10

12

14

16

Maize

grain

stem

leaf

Days after planting
0 20 40 60 80

D
ry

 w
ei

gh
t, 

M
g 

ha
-1

0

1

2

3

4

5

6

7

8

9

Groundnut

grain

stem

Days after planting
0 20 40 60

D
ry

 w
ei

gh
t, 

M
g 

ha
-1

0

1

2

3

4

5

6

7
Cowpea

grain

stem

leaf

Days after planting
0 50 100 150 200 250 300 350

D
ry

 w
ei

gh
t, 

M
g 

ha
-1

0

5

10

15

20

25

30

35
Cassava

tuber

stem

leaf

total dry weight

leaf

Figure 3.24.



70

WaNulCAS 4.0
Background on model of Water, Nutrient and Light Capture in Agroforestry Systems
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These parameters are set within the STELLA

3.8. Tree growth 
3.8.1.  Tree growth stage 

PrunHarvFrac.

FruitHarvFrac part of it is harvested from the plot, the remainder returned as mulch.

3.8.2. Canopy and support structure
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      [49]

       [50]

min and LAImax.

LAImin min and the shape of 
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ellips-shape
max-
width

max-green-
height

min-LAI
max-LAI

parameters:
Wanulcas canopy shape during a pruning/regrowth cycle

1. Bare trunk of given height
2..4. Lateral expansion of canopy with a fixed LAI-canopy, and 
constant LWR inside the canopy, and constant width/height ratio

6,7. When maximum canopy-width is obtained, the LAI inside the canopy 
may increase to its maximum value, still at constant LWR
8. Beyond this point the canopy will increase in height, with 
concommittant litterfall and formation of 'thick stem' category

5. When canopyheight exceeds max-greenheight, litterfall ~ inner ellips

1. 2. 3. 4. 5.

6.7.8.

Figure 3.27.Tree canopy shape during a pruning - regrowth cycle

        [51]

         [52]

LAImin to LAImax. 

      [53]

If LAIcan reaches LAImax
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    [54]

   [55]

  [56]
          

   [57]

     [58]

3.8.5. Tree phenology
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 Case 2. Deciduous, 
reaching ‘steady state’ 

Case 1. Deciduous, single 
flush & ageing 

Case 3. Deciduous, 
reaching ‘steady state’ 

LeafFlush 
DOY 

LeafFall 
DOY 

0.5*Leaf 

Figure 3.28

min, and 

min

       [59]

Lmin
can expect that for a diameter increment from Dx to Dx

 al min

        [60]

min to 

max
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   [61]

For any Dmax value more then 2.4 Dmin the error made when ignoring the Dmin term in the 

max

min

min

        [62]

and is this independent of BiomD1 and decreases with increasing slope of the link length 

l l

0 

    [63]

     [64]

0 according 

     [65]
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Phyllochron as 
time unit

Sex 
determination ~ 

stress

Competition 
between 
bunches

Shift-thorugh
bunch ageing

Harvest cycle ~ 
phyllochron

Fruit number 
within bunch

Figure 3.30.

phyllochron

internal growth reserves, as well as in response to current water stress; as in the model 



80

WaNulCAS 4.0
Background on model of Water, Nutrient and Light Capture in Agroforestry Systems

sink strength,

book keeping

stage.

Hevea brasiliensis Dyera costulata Acacia 
senegalensis

parameter values.

Figure 3.31.
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Figure 3.32.
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Figure 3.33

per ha, using the appropriate area scaling factor.

Figure 3.34.
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3.9. Carbon balance

This terminology is derived from the Century model. This part of the model was developed 

Types 2 and 3.
1. 
2. 

3. 
the procedure of Type 2

with low and high polyphenolic content are mixed.
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1. 

Georg Cadisch.
2. 
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Figure 3.35

3.9.2.  Carbon stocks

2

response to actual crop performance.

Plot size and tree spacing,

Predetermined pruning events
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Building a fence around the plot

Crop residue removal,
Maintaining the fence.

At this stage only two types of plants are considered and thus we imply that there are no weeds. 

3.10.2. Slash-and-burn events 

temperature increase in the topsoil is derived from the temperature increase at the soil surface, 

2
content to mineral nutrients at the soil surface,
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FireWEvap

TreeTempTol[tree]

3.10.3 Tree mortality 

3.10.4. Weed growth

-2 for all 

temperature on the topsoil.
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3.10.6. Fence

    [67]

3.10.7. Tree pruning

 and allow the user to specify pruning dates, similar to the cropping 

and only if there is a crop in one of the zones
will ensure that no tree pruning is implemented in the later part of the 

For each pruning event, the parameter 

every event.



89

Chapter 3
Description of model sectors

3.10.8. Tillage 

3.10.10. Grazing 

level.

1. 
2. 

1. 

2. 
3. 

4. 

in managing the system.

3.11. Model output
3.11.1. General

the STELLA environment allows a user to interrogate the model for the value of any parameter 
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3.11.2. Financial analysis

The WaNuLCAS model can predict the outcome of patch-level performance of agroforestry 

      [68]

Table 3.7.

Costs Returns

Harvested crop yields

-

Organic inputs

-
ing

-

et al et al

   [69]

   [70]

   [71]
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   [72]

 [73]

cell 11 cell 21 cell 31 cell 41

cell 12 cell 22 cell 32 cell 42

cell 13 cell 23 cell 33 cell 43

cell 14 cell 24 cell 34 cell 44

= total = edge = local

Figure 3.36.





 

 Chapter 4
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system of maize and Peltophorum dasyrrachis

Figure 4.1.

The only inputs of water were due to rainfall directly on the simulated area, as the default slope 

-1

-13

-2

atmospheric N2
-2 -2 -2 was exported with crop 

-2 and the error term of 
-14
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-2. In contrast to N, 
-2 -13 again 

-2

to 24 Mg ha-1

-2

-2

-2

-2 -1

-1

The maize grain yield of 0.94 kg m-2 or 9.4 Mg ha-1 -1 per crop, 

4.2. The use of the main switches and changes in crop or tree 
type
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Peltophorum
zones at year 2.  Changing the tree type from Peltophorum to Gliricidia

a cropping period is due to pruning and use of internal reserves in the tree. For Gliricidia

Gliricidia Peltophorum.

Figure 4.2A…C

P.

Figure 4.2 H and I show the impact of tree and weed presence in the systems.  Current default 

refers to a crop and weed, while the weed growth in zone 1 is out of phase with the weed 

reducing weed growth, except for those in zone 1. 
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Figure 4.2.D…G

Figure 4.2 J compare the results for four crop types, each grown in separate zones and each 

Figure 4.2 H...K
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zone 3 and 120 in zone 4, kg N ha-1 crop-1

-2

Table 4.1.

-

New Value

0

0, 0, 0, 1, 1, 1, 1, 1, 1, 2, 2,2 -

-

1, 0, 1, 1, 0, 1, 1, 0, 1, 1, 0, 1
0, 1, 0, 0, 1, 0, 0, 1, 
0, 0, 1

-

N1[Zn1,2,3,4] 
N2[Zn1,2,3,4]

-

P[Zn2,3,4] 0,60,90,120
-

 

0.364
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-2 -1

Figure 4.3. A…F.

-1 crop-1
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spacing

Peltophorum as we know that in Lampung experiments 
Gliricidia

et al

Figure 4.4.

approximate Peltophorum and Gliricidia et 
al

derived form the Lampung site.

et al. 

control crop while for the G hedgerow intercropping system are slightly higher than this control 
crop. Hedgerow intercropping will clearly give increased crop growth in zone 4, where the 
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2

Table 4.2.

New Value

0.1

Table 4.3.

New Value

-

1, 1, 1, 1
1, 1, 1, 1

Agroforestry zone

0.1, 0.3

Figure 4.5.

pruned from Gliricidia higher than Peltophorum. From the third crop onwards, however yields 
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 fallows currently 

st nd 

crop zones while we need to start the tree zone with the weighted average of output from crop 
st soil layer.
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Tectona
reviewed in Van Noordwijk et al

Figure 4.6.
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Table 4.4.

st run

New Value

10
2
3

Agroforestry zone

20 Agroforestry Zone

0, 1, 1, 2, 2, 3, 3, 4 Crop Management

 
Crop Management

12

0

2 Tree Management

300 Tree Management

Tree Management

100 Crop Management

Graph A Graph B

4, 1.6, 0.64, 0 4, 4, 4, 0

1, 0.4, 0.16, 0 1, 1, 1, 0

0.1, 0.04, 0.016, 0 0.1, 0.1, 0.1, 0

Remarks
nd 

run
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nd run

New Value
st

Agroforestry Zone

3

2

20 Agroforestry Zone

0, 1, 1, 2, 2, 3, 3, 4 Crop Management

Crop Management

 

4.6. Contour hedgerows on sloping land 
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the alleys gives the highest yield, for others the lower alley, or even the upper alley. Although 

Control Bare strip no terrace mild strong 

C
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Figure 4.7.
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-2

3 for the four depth layers directly under the 
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agroforestry system. The narrow tree morphology produced more wood, as it invested less 

Figure 4.8.
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systems 

et 
al et al et al

et al

rv
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Figure 4.9.

et al
-3

length density of 0 and 1 cm cm-3

et al
model.
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Figure 4.10.

et al

high soil pH values.

et al
 and .

water c t
Ewater
Tc
Tt

Nutrient c t Leach c t
Nt
Nc
NLeach 

Paraserianthes-maize is the systems with highest water use 

Mahogany
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Figure 4.11. Paraserianthes 
Mahogany Hevea 

Figure 4.12. Paraserianthes 
Mahogany Hevea 
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agroforestry parkland system in Burkina Faso or was analysed using the Water Nutrient and 
et al

The tree was focus on two species  and Parkia biglobosa 
 with associated crops of  and 

Figure 4.13.

Figure 4.13 shows crop performance for the various zones and pruning regimes tended to 
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et al. 
et al

harvest residue (trash) and Bagas (sugarcane processing 
waste) on soil carbon and sugarcane yield

-1

One of the main crops in North Lampung is sugarcane.  Sugarcane yields tend to drop rapidly if 

trash Bagas Thrash 
and Bagas

-1 -1

ha-1  
and -1

Based on this experiment, we simulate the systems using WaNuLCAS model to see the long-term 
et al
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soil causing a decrease in sugarcane yield.

Figure 4.14. 
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Figure 4.15.

phenologies on water balance and tree and crop growth

 and P. fortunei 
associated with maize. G. robusta is evergreen, A. acuminata is semi-deciduous and P. fortunei is 
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deciduous in term of tree water uptake.

Figure 4.16.
G. robusta A. acuminata P. fortunei
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Figure 4.17.
G. robusta A. acuminata P. fortunei

et al
may depend on tree root length density in the layer underneath the crop root zone. WaNuLCAS 
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Figure 4.18.

maize.

response

Level 0. 



120

WaNulCAS 4.0
Background on model of Water, Nutrient and Light Capture in Agroforestry Systems

Level 2.

et al
et al

Level 3. 
models that consider plants as organisms with the capacity to adjust the total amount of 

et al

-1, this environment would not provide enough 

response curve for the tree.
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Figure 4.19.
tree, with and without a grass sward.
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Figure 4.21. 

project, we use WaNuLCAS model to explore these choices.

separate monocultures. However, the points for A. mangium suggest virtually no intercropping 

P. falcataria has a low intercept 
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P. falcataria

an appropriate tree spacing.

 

Figure 4.22.
in Lampung.
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Figure 4.23.

tree establishment

years of most tree crops or agroforestry systems to maintain income and pay for the suppression 

species choice of the trees.  
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of Paraserianthes falcataria. Although Acacia mangium is a fast growing tree, a more intensive 
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