
Towards a fertility modifier Towards a fertility modifier 
for hybrid growth modelsfor hybrid growth models

EuanEuan MasonMason
University of CanterburyUniversity of Canterbury

Christchurch, New ZealandChristchurch, New Zealand



OutlineOutline

IntroductionIntroduction
Hybrid modelingHybrid modeling
PhosphorusPhosphorus

Soil measurementsSoil measurements
Nitrogen and PhosphorusNitrogen and Phosphorus

A simple approachA simple approach
A step by step approachA step by step approach



New ZealandNew Zealand

Current areas of Current areas of 
Forest:Forest:

Indigenous Indigenous -- 6.3 6.3 
million Ha. million Ha. 
Exotic (mostly Exotic (mostly P. P. 
radiataradiata) ) -- 2 million 2 million 
Ha.Ha.
27% of NZ27% of NZ

Much P deficiencyMuch P deficiency





P deficiencyP deficiency



An example An example ““hybridhybrid”” modelmodel
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3-PG Model (Landsberg & Waring 1997)

Allocation varies with fertility



Starker CPT studyStarker CPT study



Estimated weed cover within 2 m Estimated weed cover within 2 m 
diameter zones around treesdiameter zones around trees
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Climate by monthClimate by month
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Observed Ground Line DiameterObserved Ground Line Diameter
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N.B.: Analysis of Douglas fir only



Modeled ground line diameterModeled ground line diameter
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N.B.: Analysis of Douglas fir only







Model formModel form

βα TT RYY += 0

Summed across months
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What kinds of subWhat kinds of sub--models are models are 
needed to represent fertility in needed to represent fertility in 

hybrid models?hybrid models?



OverviewOverview

DemandDemand
Nutrient assaysNutrient assays
Understanding of processesUnderstanding of processes

SupplySupply
WeatheringWeathering
RainfallRainfall
MineralisationMineralisation
RetranslocationRetranslocation



1. Soil measurement of P 1. Soil measurement of P 
deficiency deficiency –– with Malcolm Skinnerwith Malcolm Skinner
Bray PBray P

Immediate supplyImmediate supply
Release from weathering can be Release from weathering can be 
significantsignificant
HypothesisHypothesis

Response to P Response to P fertilisationfertilisation will be correlated will be correlated 
with both immediate supply and weatheringwith both immediate supply and weathering
Repeated extractions from the same soil Repeated extractions from the same soil 
sample can mirror weatheringsample can mirror weathering



MethodsMethods

35 experiments throughout New Zealand35 experiments throughout New Zealand
N * P factorialN * P factorial

Sometimes site preparation was a factorSometimes site preparation was a factor
N+P contrasted with no N+P contrasted with no fertilisationfertilisation
Height and Height and gldgld measured at age 4measured at age 4
Soil samples Soil samples 

Depth 0Depth 0--10 cm10 cm
Ten Bray P extractions from eachTen Bray P extractions from each



MethodsMethods

Exponential decay fitted to extractionsExponential decay fitted to extractions

N=extraction numbered from 0N=extraction numbered from 0--99

Response represented as a ratio of dResponse represented as a ratio of d22hh
No No fertilisationfertilisation / / fertilisationfertilisation

Response to P regressed against coefficients Response to P regressed against coefficients 
from exponential equationfrom exponential equation
Effect of number of extractions testedEffect of number of extractions tested

NeBrayP γβαβ −−+= )(



Results Results –– example fitsexample fits
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Measured fertility ratios :   0.02 0.87 0.64 1.00 0.04



Results Results –– Fertility ratio (FR)Fertility ratio (FR)

First Bray P onlyFirst Bray P only

RR22=0.24=0.24

Y intercept and concavity of exponentialY intercept and concavity of exponential

RR22=0.55=0.55

αγγ 0.01240.3926-0.7466 +=FR

bBrayPmFR += *



How many extractions?How many extractions?
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CautionsCautions

Ratio is of stem measurementsRatio is of stem measurements
AllometryAllometry changes with plant sizechanges with plant size
Allocation Allocation ≠≠ allometryallometry

No account of changes in C allocation to No account of changes in C allocation to 
roots with fertilityroots with fertility

Assumed with 3Assumed with 3--PGPG
Represents P onlyRepresents P only



2. N, P & C:N ratio2. N, P & C:N ratio
with with HoracioHoracio BownBown, Peter Clinton, Mike Watt & , Peter Clinton, Mike Watt & 

Brian RichardsonBrian Richardson
N is sometimes N is sometimes 
critical in NZcritical in NZ
N:P ratio may be N:P ratio may be 
significantsignificant
Form of N can affect Form of N can affect 
resultsresults
RetranslocationRetranslocation must must 
be accounted forbe accounted for
Simple Simple vsvs step by step by 
step approachesstep approaches



A simple approachA simple approach
SITE QUALITY 

PLOTS

PRODUCTIVITY 
ENVELOPE PLOTS 

PERMANENT 
SAMPLE PLOTS

VEGETATION 
GRADIENT PLOTS 

Cupressus lusitanicaPinus radiata

DISTURBED SOIL UNDISTURBED SOIL

FERTILIZED UNFERTILIZED 



Site quality plots comprise 35 sites across NZ

5 sites selected for the purposes of the study

selected within the SI to cover gradient fertility

Within each site 2 plots were selected

established between July and September 2001

harvested between August and September 2005



3 m

1.5 m



SN SITE CN ratio
1 RAI 17
2 GD 28
3 TEK 15
4 CAT 24
5 LON 37

Horacio & Mike 
visited all 5 sites 
12 times over a 
year. 12 trips of 
2,500 km, or 
30,000 km = 
return ticket to 
South America !!!!
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C/N ratio
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Advantages of simple approachAdvantages of simple approach

Simple to useSimple to use
Physiologically sound?Physiologically sound?
In the short run, you would expect interaction In the short run, you would expect interaction 
between water and nutrient availabilitybetween water and nutrient availability
In the long run, the interaction can be neglected In the long run, the interaction can be neglected 
(Compare (Compare RaiRai valley and valley and TekapoTekapo))
Fertilization can be easily handled as a Fertilization can be easily handled as a 
reduction in the C/N ratioreduction in the C/N ratio



A stepA step--byby--step approachstep approach

1.1. Construct a nutrient balance modelConstruct a nutrient balance model

2.2. Drive photosynthesis and carbon Drive photosynthesis and carbon 
allocation on a monthly stepallocation on a monthly step



SOIL

Plant Uptake

Nutrient Storage 
(mainly foliage)

Mineralization

C/N 
ratio

Soil 
Temp

Soil water  
content

Litterfall
Root 
turnover

Whole-tree 
photosynthesis
(GPP)

Whole-tree 
respiration 
(Ra)

Net primary 
production
(GPP-Ra)

Carbon 
allocation to 
roots (TBCA)

1

2

3

4 5 6



Field and glasshouse studiesField and glasshouse studies

1 Soil mineralization model

2 Tree uptake model

Storage and 
Retranslocation model

3

4

5

6

Photosynthesis model

Respiration model

Model of carbon 
allocation to roots

Field

Field

Glasshouse & Field

Glasshouse

Glasshouse

Glasshouse & Field
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Treatments were made up as a combination of two 
levels of nitrogen (N0=1.43 and N1=7.14 mM) and two 
levels of phosphorus (P0=0.084 and P1=0.420 mM).



Calvin cycleCalvin cycle

VcmaxVcmax
maximum maximum 
carboxylationcarboxylation
rate of rate of RubiscoRubisco
RubiscoRubisco content content 

JmaxJmax
Regeneration Regeneration 
rate of rate of RuBPRuBP
ThylakoidThylakoid
protein content protein content 
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ConclusionConclusion

Research aimed at devising a nutritional Research aimed at devising a nutritional 
modifier for hybrid modelsmodifier for hybrid models

Supply/DemandSupply/Demand
Repeated Bray P analysisRepeated Bray P analysis
C:N ratioC:N ratio
Step by step approachStep by step approach

Nutrient balance modelNutrient balance model


