. 1 0
<
}
IDIFIED TOPOGRAPHICAL MAP N/ oy =
OF Y -] Blp.
TONGATAPL Nz 1 o
] :
f e
G R
) o - S
g e

' a
Brent Clothier TP
Sustainable Land Use team HoriResearch

Pacific Economic Cooperation Council
Noumea, 26™ May 2008

The Horticulture and Food Research Institute of New Zealand Ltd



The Six Forms of Capital

Sustainable economic growth not only depends on financial capital, but also:

* Economic capital: Infrastructure, as well as money

* Human capital: Knowledge, skills & competencies

- Institutional capital: Civic, political & legal arrangements

* Cultural capital: Values, histories, traditions & practices binding people together

- Social capital: Networks of shared norms, trust & understanding

* Natural capital: The renewable & non-renewable stocks of natural
resources that support life & economic activities i # #,

Adam - in Hebrew DIX - "Soil"
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Intensification

"... put another way, the
ability to accelerate a car
that is low on gasoline does
not prove the tank is full”

"... we can temporarily exceed
the carrying capacity of the
earth, but put our natural
capital into decline”

P. Hawken, A. Lovins & L.H Lovins 1999
Natural Capitalism
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IPCC Third Assessment (2001): Rainfall Changes (Scenario B2)

e

1
L"Il,"‘tl
[+]

180 120W BOW 0 80E 120E 180
Change in precipitation Change in global mean precipitation (mm day )
Large incroase - e

1#| Small increase -1 -075 -0580 -025 0 025 0K 075 1 i5 g 3
Mo change
|—| &mall decrease _

= large decrease Dec-Jan-Feb

I Inconsistent sign Jun-Jul-Aug

Water will be a critical resource worldwide.
... including many Pacific Islands

3
Research

© 2005 The Horticulture and Food Research Institute of New Zealand Ltd




Irrigation and Agriculture

Irrigation is being held responsible for
- wasting water
- 'mining’ water
- non-point source pollution
- saline intrusion
- groundwater depletion & pollution

Sustainable Use & Wise Stewardship of Water is Imperative
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The Agrichemical Problem ...
Non-point source pollution: A world-wide concern

Nutrients & pesticides in fragile environments



Case Studies

Maré - | r ' Tongatapu

1995-98: IRD 2002-2006: EU - INCO-DEV

Maize & perennial Squash pumpkin - N and pesticide
grasses - N leaching & leaching, plant water use, fresh water
irrigation lens - impacts & dynamics

2002-present; TAC
Fruit trees - root
dynamics, tree water
use & drainage dynamics
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Maré: Intensive measurements to understand the “leakiness"” of coral soil
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Le Resultat: La gestion de 'eau d'irrigation

C Présentation du CD-rom, outil d'aide a la gestion de l'irrigation.

Ce CD-rom
tente de répondre

How much? ~ aux questions suivantes :
When? /

Risks?

nstitut dE‘ recherche glo]gl Resear(:h © 2005 The Horticulture and Food Research Institute of New Zealand Ltd
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Maré: Measurements to understand better the need for water by trees

.+ STEM-SAP
FLUX DENSITY

GROWTH
RING

XYLEM
VESSELS

] 4 THERMISTOR
" K BEAD

il lll:__

llllllllﬂllllﬂllllll
l ﬂ " ' HEATER

CAMBIUM

a pulse of hea‘r is used to ’rr'ace The sap flow (~ 1-100 cm/ h) .
a velocity profile is recorded at 4 depths R
a measure of sap flow volume [1 8 L/hin apple]

N N RN N k‘!ly»,{, N
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Measurements of tree water -use

* Remote by modem
* Real time

14.000
12.000

10.000

8.000 N n

6.000

wateruse l/h

!
4.000 ]
I

2.000

0.000 JAAW mi

12:00:00 a.m. 12:00:00 a.m.

g
Research

\
S =

120000 am. 12:00:00 a.m.
time (days)
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Measurements in the soil of the root-zone

- Remote
- Real-time

Understanding the water balance of coral soil

| .
. Rain B
el Soil water content |-
i /M o | Il MMMAMAM _ M

12:00:00 .. 12:00:00 g m. 12200:00 2. rm. 12:00:00 g, 12:00:00 am. 12:00:00 am. 12:00:00 a.m. 12:00:00 a.m. 12:00:00 2. m.

time

a
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HortResearch
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-Use Processes

- Understanding Water

Measuring Crop Evapotranspiration

o Sapflow
—— Transpiration Model

——SMCO0-20cm
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The Water Balance: A Risk Assessment

BRF mET

150

Cropping Cycle

|

RF & ET [mm/month]
g 3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

RE ET DR RF ET DR IR

8 100% " 100%
c O
S S
‘8 80% 1 8 80%
R S \\ \\
(jj 60% - u>_<; 60% A
Y
S \ \ 5 l
> 40% >, 40%
._6 —
o 20% -g 20%
e}
S e}
S ! o
) ‘ ‘ ‘ : a owl Y ;

0 500 1000 1500 2000 0 500 1000 1500 2000

On annual average RF=1600 mm The tactical need for irrigation
is on average 100 mm
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New Zealand Example: A Decision Calculus for Irrigation Application

e

WinlR - ¥ersionld =~ -—- > Developed by HortResearch for use by AoricultureNZ and Primac Horticulliral Services

~check and Reportana Site ~T-day farecast

Fezrin e |"E-quir»2TriaI5ife;" j Trsigation fme]  Wiet | 1320 Mean | 15.40 Doy 15.40

Sl |?15 j Rainfall [mm]  Wet | 475 HEan | 830 biry 0.400

B

biate of last szading fmmddyy): Vipe €[] Low | 4986  Meamn | 6145 Hidh | 552
Ifrq:.-': 4 Henth: 11 Year: 2002
ifigor; o o S R oy orpias
Irrigation [mm] Vet I 24.70 Meon | 5280 L AT
Terigatinr ¥ | _t | w | A | = o y .
Rasrifall  fmm] et | 45749 pecn | 3779 Dy 17.89
- Refrech Site bato WineET [nm]  Low |zr.e.2 Mesn | 3156 High | 3438

Fullpalmd  [rim] S64.0
Tty point [ 3341

Refill paind  [mm] 250.9

—End of sRastn forecast fup to 15 Aprilt

Trrigafion [mm] et | 4LED Mion | Y480 bry 1606

OE

pairfall  [mm] et | 3505 Men | 2694 Ly

AL ot | WineET fom]  Low

2355 = Mem | 2529 | High | z750
[ Cokeulate all sites
PROBUCE SITE REDORT | ~5quire Tricl Sites” ﬂ 5TOD
CALCULATE OHE SITE | | Setigor. frrigation and date

A tool for real-time irrigation management
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New Zealand Example A DST for Equitable Irrigation Allocation
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The Future Challenge: Increased production -

gk AT "

_ g
JortResearch

Sustainable Agrichemical Use

20 s 2500
—e— Squash exports
—a— Agri-chemical imports
A = 1 2000
|g T
=]
S - 1500
£ 10
o
& 4 1000
£
g 5
(% 1 500
E:F i T T T T D
1975 1980 1985 1980 1985 2000 2005

Year

Economic & social benefits, yet risks to
the environment & public health
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Balancing the Nitrogen Inputs & Leaching Risks

!ﬁm?g T j Grass ploughed & mineralises nitrogen (DOY 180)

Some 350 mm of rain, before leaf-area & roots develop

ertiliser @ 65 kg-N/ha at planting (DOY 185)

500 3
450 4 | = Cumulative Rain
— Plant Leaf Surface T 25
400 -
© 350
2 2 o
= 300 - E
& B
o 250 A 115 ®
= =
= | n
Another 80 kg-N/ha @ 3 0 e
| 1 (]
DOY 255 > -
100 -
+ 0,5
50 A
O A T T \A T O
200 220 240 260 280 300
DOY
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What then happens deeper down?

Quantity
400 /
=
£ 501 o Between DOYs 200 & 245
g 309 - drainage is 70% of rainfall.
S 250 -
(@)
€ 200 - \
g 0 The potential for leaching is
s great
S 50 4
: S
3 0 ‘ ‘ ‘ ‘
200 210 220 230 240 250
DOY
ualit
The NOs-N content is 35-65 ppm, 80 Q Y
or, on average, 5 times the NZ 70 |
drinking water standard 60 -
g 50 -
g 40 1
Z 30 E“ZP A -- ZWFML
Twice that which was applied has N B
been lost! " WHO Limit —O— TWFML
= — TWFIVIZ
0 T T T T

P 200 210 220 230 240 250
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Is fertiliser leaking to the lagoon?

5
4,5 - .
°1 Nitrate AT
—e—GSl1
—~ 397 ’ —m—GS2
g 3
S o5 | 1
= T w ,
= 2 1 |1 ’ﬁ —%—GS5
Z 15- A SR N\ —e—GS6
0,5 X ¥ A,
' ¢
0 T T w\ T T T
180 200 220 240 260 280 300 320

Day of Year

Nitrate NZ Drinking Water Standard = 10 ppm

ANZECC Estuarine Trigger Value (QLD) = 0.03 ppm
Fertiliser applied at planting
DOY 185 & again on DOY 255
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Modelling using SPASMO -our Soil Plant Atmosphere System Model:
The Impacts of Pesticide Practices




SPASMO Prediction of Pesticide Fate:
Where & How Much?

Plants Resident mass
- ¥ e(Ke) M, = applied
SN LR AR > My Mg = on foliage
M; = in soil
Mass losses

M; = volatilization
M. M; = degradation
D ML = leachate

* Modelling to predict build-up

* Modelling to predict leachate
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Decision Support Tools for Better Choices & Sustainable Practices

B CROPPRO Calculator: Pesticide risk reduction for soil and groundwater
File ChangeGraphTo.... Help

[ = Critical Valug (CV)
[ = = 50% CV
W =eee 0% CY

HortResearch

Long-term leaching risk
(Squash = Tongatapu = Vaini-Fraciured-Clay)
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Nature Sucks! El Nifo & La Nina ...

Translating climate patterns to the water-resource status of an atoll

Rain {mm season
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Preducting the Future Using the Southern Oscillation Index
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Soil & Water - sustaining wealth-
generating capacities &
protecting the life-supporting
ecosystems in the Pacific

Science - Creating Decision
Support Tools for policies of
sustainable development &
protection of natural capital &
maintenance of ecosystem
services
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