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LIST OF ABBREVIATIONS

ha hectare

/s litres per second

mm millimetre

m metre

m3 cubic metre

m3/s cubic metres per second

Mms3 million cubic metres

PAW plant available water

PrAwW profile available water

PET potential evapotranspiration

VCS virtual climate station
LIST OF ACRONYMS

DSIR Department of Scientific and Industrial Resbar

GDC Gisborne District Council

GIS Geographic Information System

NIWA National Institute of Water and Atmospler

NZFSL New Zealand Fundamental Soils Layer
GLOSSARY

Crop coefficient k) Relates the amount of water lost to evapotranspirdiy

the crop being studied to the reference evapotiatgm.
The coefficient is determined from the ratio of the
evapotranspiration for the crop being studied dididby
the evapotranspiration for the reference crop, writle
same conditions; i.e., evapotranspiration for thell w
watered studied crop + reference evapotranspiration
(dimensionless).

Water stress reduction The water stress reduction factor is a functiorthef solil

factor ks) water status.ks equalled 1.0 when the soil water content is
equal to the readily available water, and thkemeduces
linearly down to a value of zero at wilting point
(dimensionless).

Evapotranspiration Water lost by soil evaporation and crop transporati
(ET) (mm/day).
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Irrigation application ~ Average daily depth of applied water during a sngl

efficiency irrigation event + average depth of water retaimgthin
the root zone, after, run-off, and deep drainagesde
(dimensionless).

Irrigation system Application depth + minimum return period (mm/day).
capacity

Potential PET is the environmental demand for water met by
evapotranspiration evapotranspiration. The reference value JETs the
(PET) evapotranspiration rate of a short green crop, teily

shading the ground, of uniform height and with adeq
water available in the soil profile (mm/day).

Plant Available Water Plant available water for a given soil profile lie tprofile
(PAW) available water adjusted for the rooting depthhef t
relevant crop and stage of crop being grown (mm).

Profile Available Water Profile available water reflects the soil's capatathold
(PrAW) plant available water in the soil profile to a dept 0.9
metres and expressed as millimetres of water (mm).

Return period Minimum time between the same area or zone being
irrigated (days).
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EXECUTIVE SUMMARY

This document provides a guideline to how muclgation water is required, for a
specific level of reliability, to keep crops welbtered. It provides this information for
the range of crops that potentially can be irridaté the Poverty Bay Flats in the
Gisborne region.

The volume of irrigation water required by a cropa particular season, is a function
of:

The crop and the rooting depth it can achieve;

The soil and how much water it can store;

The rainfall and evapotranspiration demand forstbason;

The soil water targets that the irrigation is mathtp; and

The irrigation system used, i.e. how much wateapiglied and when.

A daily soil water balance model taking into accotire above factors, and assuming
that good irrigation management practices are ahh has been used to determine
how much water is required for each season overaés. This data is then translated
into probability information, so that the water uegd (mm/season) to meet a given
level of drought, such as 1-in-10 year drought-on-% years has been ascertained.

The system design capacity (mm/day), which is th&imum design rate at which the
irrigation system should be designed to achieverdggired system performance, is
also specified.

This document does not address the question adbiky of supply or allocation
issues, the irrigation demand calculated assunsdhb required water is available at
the flow rates and quantities necessary to meetrthrequirements.

The values presented in this document should beidered as Guideline values only
based on a regional level analysis. If an appliéana consent has more specific soils
data prepared by a competent soil scientist, argmposes to manage their irrigation
system in a manner than can be proven to be aseeifi or is going to use an

irrigation system with a different modus operarndirt included in this document, then
GDC should carefully review their information aretjuired volumes that the applicant
proposes and ascertain if these meet with theeablbes for efficient irrigation.

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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1 OVERVIEW

Irrigation is the major consumptive water use ie Bisborne District (Aqualinc,
2010). The efficient use of water is a key objextf the Resource Management Act,
and achieving this outcome is a responsibility diaistrative authorities such as
Gisborne District Council (GDC). Efficient use,daallocating water in accordance
with actual requirements, is important to ensureewallocation is on an equitable
basis.

In order to define whether irrigation water use afficient, reasonable water
requirements need to be defined. In this report esgmated reasonable water
requirements for the crops grown on the Poverty Blgs using a daily time step
water balance model. This methodology is an aecephethod for estimating

reasonable irrigation requirements, and is the awktbf choice for the majority of

other regional and unitary authorities in New Zadla

These guidelines cover the Poverty Bay Flats (afegproximately 20,000 ha) since
most irrigation in the Gisborne area occurs on thgon. These guidelines are not
applicable outside of this region due to the défgrclimates and soil types.

This work is funded through a grant from the Enkink (Grant No. 1013-GSDC93).

2 CLIMATE

Climate data used in this modelling exercise waasueed at the Gisborne Airport
(NIWA network number D87692 at or near the maprezfee NZMG Y18:2943888-
6271762). Both rainfall and reference evapotraasipn (ET,) data has been recorded
at Gisborne Airport since 1972. We used NIWA’'smate of ET, calculated from
Penman method (Penman, 1948) based on measuratdaadiemperature, wind and
vapour pressure climate data. This data is coraidepresentative of the study area.
The average rainfall is relatively consistent asrtbe Flats as shown in Figure 1, so
the airport data can be used to be representatitieeostudy area. Climate data is
summarised in Figure 2 and Appendix A.
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3 SOILS

Soils on the flats are predominately clay and ledtms. Drainage in some areas is
imperfect, with a high water table limiting cropotong depths. Other limitations to
crop rooting depth include clay confining layersppsoil structure and poor aeration.

Landcare Research recently developed a web bas&d s§dtem called S-Map

(http://smap.landcareresearch.co.nz/hpnf the time of undertaking this project
these S-Maps were not available for use. At the tmodelling work commenced the
most reliable and available data were the soils smapd tables produced by
Department of Scientific and Industrial Researcth962 (DSIR, 1962). These are at a
1:15,840 scale and are held by GDC. The S-Map tmesame soil hames and soil
map units as used by DSIR (1962). Therefore, GDC lvd able to use the soil

information provided in this report with the welskd S-Maps if required.

Three terms are commonly used to describe the atmmfusoil water available to
plants: Profile available water (PrAWplant available water (PAWand available
water.

Available wateris the difference between field capacity and wgtipoint, as
illustrated in Figure 3.

Profile available wate(PrAW) is the amount of available water, down tepecified
depth (generally 0.9 m). Profile available watepends only on the characteristics of
the soil type, not on the crop.

Plant available wate(PAW) is the amount of available water for the Gfie crop
rooting zone of the crop being grown. Plant avadakater depends on the soil type,
type of crop, and the stage of crop development this document we have
abbreviated plant available water as PAW.

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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. Available
water

Figure 3: Available soil water (from DairyNZ 2011)

Generally soil reports contains information on peoévailable water (PrAW), which
depends on the soil type only. However, from aigation perspective, it is the plant
available water (PAW) that determines irrigationtevarequirements. DSIR (1962)
provides the PrAW for the soils of the Poverty Bdats; this has been converted into
PAW as required for estimating the irrigation regments in this work.

Eight soil groups have been identified from the Wrfroperties for top and sub soil
data, and the potential maximum rooting depth. Amary of these soil groups is
presented in Table 1. Appendix B gives the locatiand soil names of the soils within
each of these soil groups, along with the individRr&W values.

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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Table 1: Soil profile available water (PrAW) summar

PrAwW
Maximum (mm AW/cm soil depth)
rooting depth Topsoill
Soil group (cm) (top 20 cm) | Subsoil
A 20 2.0 0.0
B 30 1.1 1.1
C 30 2.0 2.0
D 45 1.9 0.6
E 60 1.9 0.8
F 70 1.9 0.8
G 90 2.0 15
H 120 2.0 1.6
4  CROPS

A wide variety of crops is currently irrigated aodn potentially be irrigated in the
Poverty Bay Flats, including vegetables, fruit,tpes and cereals.

For a given parcel of land, with a particular saihd climate, crop irrigation
requirements vary depending on three main factors:

I. The crop coefficient k). This determines the amount of water lost to
evapotranspiration.  Crops with highd¢ values have higher irrigation
requirements.

ii. The rooting depth. This determines the depth efsil profile from which the
plant can abstract water. Crops with shallowetingodepth have less soil water
available and hence higher irrigation requirements.

lii. The water stress tolerance of the crop. This detes how sensitive crop yields
are to soil moisture deficits. Crops with low wastress tolerance have higher
irrigation requirements because they are maintaateal higher soil water level
to prevent them being stressed from low soil watarditions and production
being limited.

Irrigation properties of common crops grown on Bawverty Bay Flats are given in
Table 2. Crop information was provided from conaititin with growers following a
workshop held in Gisborne on 31 October 2011 (rAfgrendix C). Crop coefficient
information was predominately from Allest al (1998).

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
Prepared for Gisborne District Council and Irrigation User Group (Report H12000/3, February 2012) 7



Table 2: A summary of crops modelled

Maximum Target minimum

rooting depth soil moisture Critical Crops per Irrigation
Crop ke (mm) (% of PAW) PAW year season
Vegetables - Small Green
Lettuce 04-11 350 60% 50% Continuous Year round
Baby Leaf 04-11 250 75% 60% Continuous Year round
Broccoli 0.7-1.05 500 60% 35% Continuous Year round
Cabbage 0.7-1.05 500 60% 35% Continuous Year round
Onions 0.7-1.05 250 60% 35% 1 Jul - Feb
Vegetables — Cucurbits famil
Melons 0.4-1.00 600 60% 40% 1 Sept — Apr
Squash (grown in open field) 0.5-0.95 600 60% 35% 1 Aug — Apr
Tomatoes
Tomatoes 0.6 -1.05 1,000 60% 35% 1 Sept — Apr
Horticulture
Citrus 0.7 700 50% 40% Perennial Year round
Kiwifruit 04-11 500 60% 50% Perennial Nov — Apr
Arable
Sweet Corn 0.3-1.15 1,000 50% 35% 1 Oct — Jan
Maize 0.3-1.20 800 50% 35% 1 Oct - Jan
Pasture
Pasture 1.0 600 50% 25% Perennial Sept — Apr

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats
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5 WATER BALANCE MODELLING

We estimated reasonable irrigation water requirdseaning a daily time step water
balance model. This methodology is an acceptedhadefor estimating irrigation
requirements, and is consistent with how the migjaf other regional and unitary
authorities estimate reasonable irrigation watquirements. We used the relationship
between crop and reference evapotranspiration diyeilenet al (1998):

Crop evapotranspiration =&k xReference evapotranspiration Eqgn 1.

Where:k; is the water stress reduction factor and
ke is the crop coefficient.

The water stress reduction factor is a functiors@f moisture. Each day the soil
moisture level is calculated from:

ASMiay = ASMyay i1+ (rain + effective irrigation - crop evapotransg@ition)ay |
Eqgn 2.

Where: ASM = available soil moisture.

We assumed an irrigation efficiency value of 80%gahieved, this means that of the
applied irrigation water 80% is effective and ubgdhe evapotranspiration processes.
To achieve this 80% values requires best manageimigattion practices and a well-
designed irrigation system. The model assumes ailywater in excess of field
capacity drains away beyond the bottom of the moote and is not available for the
crop.

Both rooting depth and the crop coefficient valuasy over time and between crop
types. Consequently, we have modelled variablarrgatepth for short rotation crops
such as vegetables and variaklealues for each soil-crop combination. This allows
the seasonal irrigation depths to be based onaiie demands for the different
growing state of the crop for different soil-cropngbinations Rooting depth
information and soil profile limitations were basadl data supplied by local growers
and consultants (refer Appendix C).

Rooting depth for continuous and single seasonscwps estimated assuming a
continuous growth rate over time, until the maximrouting depth was reached. For
perennial crops and pasture a fixed rooting deb used.

In some cases crops may not be able to grow tandseémum rooting depth due to
limitations in the soil profile. For example, raugi depth of broccoli can reach up to
500 mm where soil profile has no restricted pankigh water tables (refer Table 2).
However, as shown in Table 1, the maximum potentialing depth would be limited

to 300 mm, if grown on Group C soils. The maximuropcrooting depths modelled

for each solil group are listed in Appendix D.

For simplicity, the rate at which the root developd remain unchanged across all
soil groups. However, for soils where rooting deigthestricted, the maximum rooting

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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depth is reached sooner in these soils compareld sails with deeper potential
rooting depths. In the case of perennial cropspasiure, the maximum rooting depth
was limited to the greater of the maximum potenttadting depth of the soil or the
crops requirement.

k. was estimated using a linear function to increagh time in the short rotation
crops such as vegetables. The value increases gtanting (low) until it reaches a
maximum value a few days prior to harvesting. Kiiif are a deciduous crop,
therefore, thd is also considered to vary with time.

Continuously grown small green crops (e.g. lettuiadyy leaf, broccoli and cabbage)
were modelled as “end on end” crops i.e. cultivatamd planting occurring directly
after harvesting. It is assumed that these cropsiraigated throughout the year
whenever they require irrigation. While it is reotged that the crop will not be
physically planted in the same location with end eod rotations, it is the most
realistic way of representing a continuously grekiort rotation crop.

As Citrus is an evergreen crop, there are only mah@anges over time in the value;
therefore, a fixed value appropriate for mature Citrus has been u€ddis have
been modelled for year round irrigation demand, dén@v it is recognised that only
seasonal demands are required dependant on thmuwvanitrus varieties grown. To
allow for the use of this annual data, the irrigatrequirements for Citrus have been
presented by season (i.e., Summer, Autumn, Winmdr $pring), so that GDC can
allocate water based on the seasonal irrigationaddmappropriate for the Citrus
variety grown.

Kiwifruit irrigation season was assumed to be frolovember to April period and
Pasture from September to April.

Irrigation application was modelled with differirgpplication depths and frequencies
that reflect the changing demand of the crop. Wdésnand is less when the crop is
small compared for a mature crop; this varying dasinghould also be reflected in the
irrigation management used. This allows for tHeieint use of water and reduces the
level of wastage via deep drainage so that theicgtign depths match the plants
ability to extract water. It is also important thvehen irrigation is applied, soil-water
levels are not replenished to field capacity (referFigure 3). Good irrigation
management requires that spare capacity withinstileprofile is allowed for. This
practice allows for some advantage to be gained frainfall events that occur
subsequent to irrigation. This not only reduces itigation water used but also
reduces the drainage below the rooting depth. Tia¢egy modelled was to refill the
soil-water profile with irrigation up to maximum 60% of PAW.

We assumed that water can freely drain though db&ng zone down to the deeper
soil layers. However, poorly drained soils and ghhivater table are a characteristic of
soils across parts of the Poverty Bay Flats. Aiguahas worked very closely with
GDC and local stakeholders to obtain the best abkl local information and to
identify rooting depth limitation for different ddiypes. In some soils, rooting depth
can be limited due to a high water table conditidhere this occurs, water may be
available to the plant via upward flux from the aratable through capillary action.

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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6.1

This phenomenon can reduce the irrigation water ahein therefore, seasonal
irrigation requirement estimates can be less thanrodelled where the water table is
high.

The model was run using climate data from 1 Jur'16 31 May 2011, a total of 39
seasons.

RESULTS

Estimated irrigation water requirements for différesoil-crop combinations are
presented in following sections.

The guidelines have been prepared based on unmdifils and the soil properties
are based on the DSIR data (DSIR, 1962). Howewmedrs modify soil layers by

constructing drains for better drainage or levgllsvils to reduce surface runoff and
erosion. If soils have been modified, the irrigatadlocations for such soils need to be
calculated based on properties for the modifiettgpe. For example, if tomatoes are
grown on a “Native Soil Group A” (water table is2@0 mm), however, the soil has
been modified by introducing drains to lower theteavatable to 600 mm, water

allocation should be based on Soil Group E wheggdbting depth is considered to be
600 mm. If soils are modified then the resourcesent applicant should work with a
soil scientist in consultation with GDC to charaide the soil type that is currently

present. Hence, water allocation should be basdteonharacteristics of the modified
soils.

Maximum Daily Irrigation Requirements

Table 3 lists the maximum daily irrigation requirems for small green vegetables.
The maximum daily requirements for cucurbits veletand tomatoes are specified in
Table 4, and for horticultural, arable and pasinréable 5.

These tables show the irrigation requirements ohemil-crop combination modelled
(refer to Appendix B, for details of the soil typd&) blank cell indicates that the crop is
not considered suitable to grow on that soil typergation is not required due to
high water table conditions.

It should be noted that different irrigation managat strategies can be employed by
irrigators than what we have considered. Theretbwedaily irrigation depths listed in
Table 3, 4 and 5 should be used as indicative {netevalues only. If an applicant
can demonstrate different management, and henfegatit needs and/or more specific
information on their soils or climate than the \edupresented in this report, the
applicant should be given due consideration by GDC

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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Table 3: Estimated maximum daily irrigation requmrents for Vegetables — Small

Green
Maximum daily requirement
(mm/d)

Soil group | Lettuce | Baby Leaf | Broccoli | Cabbage | Onions
A 4 4 4
B 4 4 4 4 4
C 4 4 4 4 4
D 4 4 4 4 4
E 4 4 4 4 4
F 4 4 4 4 4
G 4 4 4 4 4
H 4 4 4 4 4

Table 4: Estimated maximum daily irrigation requirents for Vegetables - Cucurbits

family and Tomatoes

Maximum daily requirement

(mm/d)
Soil group | Melons | Squash Tomatoes

A

B

C

D 4 4

E 4 4 4

F 4 4 4

G 4 4 4

H 4 4 4

Table 5: Estimated maximum daily irrigation requirents for Horticulture, Arable

and Pasture

Maximum daily requirement
(mm/d)
Soil group | Citrus | Kiwifruit | Sweet Corn| Maize | Pasture

A

B

C

D 5 5
E 5 5 5
F 5 5 5 5 5
G 5 5 5 5 5
H 5 5 5 5 5

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats
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6.2 Annual Irrigation Requirements

Average annual water requirements for different-s@p combinations are listed in
Table 6, 7 and 8. Estimated 1-in-10 year irrigatiequirements are given in Table 9,
10 and 11. The 1-in-10 year irrigation demand wdwddsufficient to meet the annual
water requirements in nine years out of 10 yeagsijtiis probable that one-in-10 years
the full irrigation demand may not be able to b#yfinet. Appendix E details the
estimated 1-in-5 year and maximum (approximatelyn-40 years) irrigation
requirements.

As previously discussed, there are different veasebf Citrus grown and irrigated in
Poverty Bay Flats. The months that different Cituasieties require irrigation can
vary. Therefore, we have listed the irrigation watemand for Citrus by season rather
than on an annual volume. We recommend GDC utilisesse seasonal volume
guidelines to estimate the water requirements fitnu€ for the variety grown. The
estimated seasonal irrigation requirements arengivd able 12.

Table 6: Estimated average annual irrigation requirents for Vegetables — Small

Green
Average annual water demand
(mm/yr)
Soil group | Lettuce | Baby Leaf | Broccoli | Cabbage| Onions
A 557 685 514
B 586 679 584 671 529
C 591 720 594 634 514
D 575 691 599 636 516
E 581 700 610 636 516
F 581 700 610 636 516
G 585 712 631 649 514
H 587 713 629 651 514
Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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Table 7: Estimated average annual irrigation reguirents for Vegetables - Cucurbits

family and Tomatoes

Average annual water demand

(mm/yr)
Soil group Melons Squash | Tomatoes

A

B

C

D 448 481

E 446 478 522

F 446 478 521

G 449 481 536

H 450 479 543

Table 8: Estimated average annual irrigation reauirents for Horticulture, Arable
and Pasture

Average water demand

(mm/yr)
Soil group Kiwifruit %;ngft Maize Pasture

A

B

C

D 310 638
E 305 611
F 305 261 268 611
G 307 287 286 570
H 307 290 286 562

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats
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Table 9: Estimated 1-in-10 year drought irrigaticegquirements for Vegetables —

Small Green
1-in-10 year water demand
(mm/yr)

Soil group Lettuce Baby Leaf | Broccoli | Cabbage | Onions
A 661 751 595
B 693 765 672 780 601
C 702 799 698 744 609
D 675 768 696 739 594
E 682 779 715 749 597
F 682 779 715 749 597
G 698 791 722 770 605
H 694 791 725 790 605

Table 10: Estimated 1-in-10 year drought irrigaticegquirements for Vegetables -
Cucurbits family and Tomatoes

1-in-10 year water demand
(mm/yr)
Soil group Melons Squash Tomatoes

A

B

C

D 541 603

E 545 609 653
F 545 609 654
G 562 607 670
H 562 607 686

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats
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6.3

Table 11: Estimated 1-in-10 year drought irrigaticequirements for Horticulture,
Arable and Pasture

1-in-10 year water demand
(mml/yr)
Soil group Kiwifruit %:ngr?t Maize Pasture

A

B

C

D 393 800
E 375 775
F 375 325 341 775
G 375 360 342 770
H 375 360 351 742

Table 12: Estimated seasonal irrigation requirensefior Citrus

Seasonal water demand
(mm/yr)*
Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn
Soil Group D Soil Group E
Average 0 102 206 44 1 99 202 39
1-in-5 year 0 135 250 75 0 125 250 75
1-in-10 year 0 180 275 80 0 180 275 100
Maximum 0 250 375 150 25 250 375 150
Soil Group G Soil Group H
Average 1 74 183 33 0 73 179 32
1-in-5 year 0 105 245 70 0 105 245 70
1-in-10 year 0 147 252 77 0 147 252 105
Maximum 35 245 385 140 0 245 385 140
* These seasonal water demands represent the plistialllemand for each season. Therefore, it is|no
correct to sum up these seasonal demands for lyeab and 1-in-10 year to calculate the annual
demand, if the crop is irrigated continuously thgbaut the year. However, as no Citrus variety is
irrigated continuously throughout the year, thewanotals are not given.

Percent Seasonal Demand for Small Vegetable

The annual water requirements for vegetable - sgrakn, that are grown throughout
the year (i.e., Lettuce, Baby leaf, Broccoli andbGage) are given in Section 6.2.
However, it is likely that growers choose not towrvegetables continuously due to
various reasons such as market demand, labour &w. enable efficient water

allocation for growers that do not grow vegetabdmtmuously, we have estimated

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats
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water requirements by season, as presented in Appén This is based on the
percentage of the annual amount of irrigation usethat season, and calculated by
dividing the water requirements for each seasorthéwannual amount.

Where a grower needs water for only part of a sedspa given crop, the annual
water requirements (Section 6.2) can be used inbgwtion with the seasonal
percentage demands as given in Appendix F. As ampbe Table 13 illustrates how
to calculate the 1-in-10 year irrigation water neegonents for a 10 ha farm on soil
type F that grows cabbage (on whole 10 ha) andftiikrws this by a baby leaf crop.

Section 7 presents another example on how to aitidjgideline information for
reasonable water allocation for a farm that growsuaber of crops (Vegetables and
Citrus).

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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Table 13: 1-in-10 year annual water requirementdoregetable farm

rotations of Baby Leaf from 2June through to #8~ebruary.

Example scenario:10 ha farm is used from th& March to 28 June period in a given year to grow Cabbage. iShssbsequently followed by six

Growing season includes whole Autumn and 20 daWinter (1 March to
20 June).

Fallow day:
Winter = 72 days
Spring = 91 days
Summer = 90 days
Autumn = 9 days

Percent distribution of irrigation requirement k@ason:
Winter = 6%
Spring = 34%
Summer = 39%
Autumn = 21%

Water not required:
Winter = 749 x 6% /92 days * 72 days = 35.2 masea
Spring = 749 x 34% = 254.7 mm/season (whole sgason
Summer = 749 x 39% = 292.1 mm/season (whole sgason
Autumn = 749 x 21% / 92 days * 9 days = 15.4 magsa

Fallow days
. . Annual
1-in-10 year Winter Spring Summer Autumn —
water Water not Water not Water not Water not requirement
demand required required required required for 10 ha
Crop (mm/yr) Days| (mm/season)| Days| (mm/season)| Days| (mm/season)| Days| (mm/ season) (m3yr)
Cabbag# 749 72 35.2 91 254.7 90 292.1 9 154 15,160
Baby Leaf? 779 6 5.1 12 31.8 15 441 92 187.0 51,100
Total 66,650
Cabbage Baby Leaf
One-in-10 year irrigation demand in soil group F49 mm/year ( One-in-10 year irrigation demand in soil group F# mm/year (
Table9). Table9).

Growing season includes whole 10 days in Wintprir§ and Summer 21

June to 28 February (six rotations).

Fallow day:
Winter = 6 days
Spring = 12 days
Summer = 15 days
Autumn = 92 days

Percent distribution of irrigation requirement Bason:
Winter = 10%
Spring = 31%
Summer = 34%
Autumn = 24%

Water not required:
Winter = 779 x 10% /92 days * 6 days = 5.1 mngsea
Spring = 779 x 31% /91 days * 12 days = 31.8 reassn
Summer = 779 x 34% / 90 days * 15 days = 44.1 massn
Autumn = 779 x 24% = 187 mm/season (whole season)
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Annual demand = 749 — 35.2 — 254.7 — 292.1 — 15.B6 mm/year
Annual volume for 10 ha = 151.6/1,000 x 10 x 10,6005,160 rmYyear

Annual demand = 779 — 5.1 — 31.8 — 44.1 — 187 =rbilyear

Annual volume for 10 ha = 511/1,000 x 10 x 10,00815100 ni'year

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats
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Z

FARM WATER REQUIREMENTS

Vegetable growers will generally grow a range abpsr on the same area. The
irrigation requirements can be calculated from sumgnihe water requirements for
individual crops together, as shown in Table 14.

The dominant soil type refers to the major soithaf location (refer Appendix B). The
irrigation water that is not required on fallow dag based on the percentage of the
seasonal water requirements of each crop typer (fgdfpendix F). The output of this
analysis provides an estimation of the volume ofeweequired during a 1-in-10 year
drought to irrigate this 30 ha farm.

The location of vegetables generally changes froearyto year for disease
management and fertility reasons. Therefore, garerally not possible to allocate
water for a particular crop using all of the sgipes present within a farm. For this
reason we recommend in most situations the calooldie based on the dominate
farm soil type. For large farms, GDC may choosadoount for different soil types at
different parts of the farm by calculating wategugements for each of the major soil
types along with their representative areas.

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Aqualinc Research
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Table 14: Example calculation of 1-in-10 year wateguirement for a 30 ha farm

Example scenario:ln a given year this 30 ha farm grows a mixturerops including Vegetables and Citrus. Lettuce Bratcoli are grown throughout the
year. A single season of Squash is grown. Citrisigmted from i November to 3% January.

Fallow days

Lallpco Winter Spring Summer Autumn

year Annual

water Water not Water not Water not Water not water

Area | Dominant | demand required required required required requirement

Crop (ha) | soil group | (mm/yr) | Days| (mm/season)| Days | (mm/season)| Days| (mm/season)| Days| (mm/season)| (m°/yr)
Lettuce 10 A 661 50 18" 0 0 0 0 0 0 64,300
Broccoli | 5 C 698 0 0 0 0 15 437 0 0 32,750
Squask’ 5 F 609 0 0 0 0 0 0 0 0 30,450
Citrus
(irrigated
from 1
Nov to
31Janj*| 10 H 222 0 0 0 0 0 0 0 0 22,200
Total 30 149,700

1 One-in-10 year irrigation demand for Lettuce inl gpoup A = 661 mm/year. As shown in Appendix Frgeat use of the annual volume in Winter = 5%. €fane, the
total 1-in-10 year demand in Winter = 661*5% = 38inNumber of fallow days = 50 days. Total numbedays in Winter = 92 days. Therefore, amount ofewabt
used due to fallow = 33/92*50 = 18 mm.

2 One-in-10 year irrigation demand for Broccoli irlggoup C = 698 mm/year. As shown in Appendix Erqent use of the annual volume in Summer = 37%réfare, the
total 1-in-10 year demand in Summer = 698*37% = @B8. Number of fallow days = 15 days. Total numiiedays in Summer = 90 days. Therefore, amountaiéw
not used due to fallow = 258/90*15 = 43 mm.

#3 Seasonal crops with a single crop per year, thuallaw days within the irrigation season

# This Citrus variety is irrigated from Novemberdahgh to January. Thus the irrigation season spogadtwo seasons: Spring and Summer. Thereforerwaquiremen
for each season has been calculated using thesvgiven in Table 12. Number of days for Spring &winmer are 91 and 90 days, respectively. DemanNdaember
(Spring for soil group H) = 147/91*30 = 48.5 mm.emand from December to January (Summer) = 252/96*623.6 mm. Therefore, total demand for Citrus8-54+
173.6 =222 mm.

Guidelines for Irrigation Water Requirements in the Poverty Bay Flats ©Agqualinc Research
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Appendix A: Climate data

Table Al: Total monthly rainfall recorded at GisberAirport

Season
(Jun-
May) Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year
72-73 38 71 47 80 20 11p 66 41 11 25 18 102634
73-74 87 45 148 108 62 140 118 219 112 72 38 43,193
74-75 93 46 72 35 1224 212 70 129 18 D8 21 75,140
75-76 105| 113 31 18( 74 144 5b 40 1p2 18 72 125,111
76-77 85 50 67 135 37 67 97 81 212 82 D2 861,091
77-78 10 192 30 86 71 328 131 174 174 39 A2 114,390
78-79 49 54 212 29 109 125 191 47 82 T8 3 36.,034
79-80 103| 53 106 11( 46 65 129 110 100 55 57 132,064
80-81 23 63 114 134 10§ 184 51 122 53 D7 62 179,119
81-82 41 98 84 232 51 160 151 167 37 D2 60 91,182
82-83 12 4 11 179 38 111 57 24 100 85 B6 11668
83-84 67 74 102 35 51 160 113 49 19 73 52 68863
84-85 30 48 115 85 155 129 v 8p 160 b7 62 521,051
85-86 28 62 52 14 61 138 323 48 g1 43 64 22911
86-87 26 63 167 118 55 38 135 76 113 b5 67 37949
87-88 83 135 322 107 46 87 224 51 23 B7 119 611,294
88-89 93 22 8 4 306 83 158 44 76 16 33 17 859
89-90 33 28 125 37 21 7( 50 148 246 49 120 811,009
90-91 35 49 113 156 164 145 149 140 34 161 63 35,249
91-92 70 68 25 71 259 36 60 23 29 80 127 P7 875
92-93 31 233 89 112 70 111 83 29 1r3 146 141 69,238
93-94 40 48 40 108 92 53 30 104 53 7 67 P2 665
94-95 51 122 34 154 104 71 118 3 40 108 P8 2 844
95-96 109| 151 154 146 114 8D 105 48 44 18 51 24,071
96-97 64 37 233 31 84 67 152 58 30 27 24 147956
97-98 17 35 32 85 22 16 198 128 711 66 35 16873
98-99 82 7 94 117 38 53 180 71 9 14 65 b5 786
99-00 65 30 159| 167 34 109 8y 62 64 38 r1 162,047
00-01 92 | 131 77 60 84 29 91 40 54 5 146 21 830
01-02 80 69 6 41 35 50 100 60 71 120 58 169859
02-03 35 76 150 43 100 83 193 125 7 60 35 67994
03-04 83 92 68 67 154 42 89 190 182 60 30 101,207
04-05 30 54 109 80 130 114 195 93 49 62 b9 59,033
05-06 60 46 169 102 102 113 127 81 26 225 134 51,242
06-07 50 41 18 41 10 16 152 78 89 49 19 79792
07-08 52 41 90 132 199 1113 151 66 120 36 13 120,182
08-09 96 30 74 55 137 69 130 4P 12 28 11 37718
09-10 129| 64 21 75 180 198 210 78 66 153 13 44,232
10-11 143 86 159 149 122 122 185 81 60 197 41 24,369

Average 62 70 96 95 94 111 128 83 80 11 59 661,016
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Table A2: Total monthly ETo recorded at Gisborngp#iit

Season
(Jun-
May) Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year

87-88 166| 116 97 56 47| 28
88-89 134| 118 110 71 37 33
89-90 150 139 114 78 57 37
90-91 160| 150 88 69 36 27
91-92 147| 136/ 120 59 38 37
92-93 158| 87 87 54 38 29
93-94 178| 108 95 62 47| 33
94-95 174| 111] 113 52 39 30
95-96 137| 108 101 61 42 31

|

7

22 174069
42 165131
27 168110
34 186108
28 160115
13 122830
08 143017
60 171106
29 177053
49 191055
61 184187
15 170090
28 13889
09 15872
24 138019
45 143101
33 1159049
41 143076
26 146015
56 146085
30 137049
41 163111

72-73 160 121] 90 70 57 32 9 125 60 1592152
73-74 142| 116/ 85 58 36 24 6 115 50 148008
74-75 143| 128 99 59 46 3( 6 103 27 142012
75-76 140| 113] 88 57 44 24 i 90 26 181,029
76-77 155| 125 10§ 68 48 39 6 87 15 185047
77-78 160| 113 103 55 36 27 1 109 41 1891032
78-79 188| 126| 87 62 39 22 6 96 43 166075
79-80 146| 136 83 54 40 23 7 102 26 1d1012
80-81 153| 118 92 61 32 2( 8 110 39 125017
81-82 181 113 91 48 44 24 7 113 32 152044
82-83 174| 125 136 62 53 22 6 97 69 171148
83-84 157| 107] 86 67 43 3( 7 86 19 14685
84-85 169| 125 87 51 35 3( 5 115 49 135051
85-86 174 119] 104 74 41 23 6 93 36 171076
86-87 181 131 91 63 40 3( 6 99 35 155060

§

8

6

6

oy ol

96-97 144| 122| 84 66 38 34
97-98 182| 155 114 69 39 2]
98-99 147 1231 99 62 45 28
99-00 130| 127] 82 55 39 3(
00-01 147 92 81 53 39 29
01-02 151| 104 113 57 55 25
02-03 157| 132] 82 55 40 4(
03-04 164| 120, 100 58 39 30
04-05 172 119 99 61 34 34
05-06 168| 113 89 68 34 28
06-07 148| 113 11§ 61 46 29
07-08 157| 120 90 55 32 37
08-09 172 129 100 60 40 33
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09-10 145| 114 107 65 30 20 6 97 42 139018
10-11 165| 123 91 54 45 22 9 103 26 146028
Average | 158| 120/ 98 61 41 29 7 109 35 156057

Calculated from Penman equations (Penman, 1948y dsom radiation, temperature, wind
and vapour pressure climate data recorded at GisbAirport.
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Appendix B: Soils data

Table B1 lists a summary of soil properties as give DSIR (1962) database. The profile availab#&ewr (PrAW) for soils has a range. In order to
differentiate the soils based on their PrAW, saimes have been modified by appending “shallow” “‘alegp”, where necessary. As an example,
Makauri clay loam presents in Te Arai area whBrdW varies from 40 through to 200 mm for potential thog depths of 20 to 120 cm, respectively.

Therefore, for soils where the rooting depth isc80(Group A) the soil hame is given as “Makauriydi@am (shallow)”, and for deeper soils in Groupvith

120 cm rooting depth it is classified as “Makauaycdloam (deep)”.

Table B1: Soil profile available water (PrAW) data

Soil name Soil map unit Location Soil type Top soil PrAW Subsol PrAW
(mm AW/cm soil depth) (mm AW/cm soil depth)
Group A: 20cm Rooting depth
Makauri clay loam (shallow) 9 5 10 Tzégai 11 silty clay loam 12 2 13 0
Makauri clay loam friable subsoil (shallow) 15 5a 16 Tzégai 17 silty clay loam 18 2 19 0
Kaiti silt loam (shallow) 6 Te Arai area silty cléyam 0
Kaiti heavy silt loam (shallow) 6b Te Arai area titlay loam 0
Kaiti clay loam (shallow) 6¢ Te Arai area silty gllam 0
Estimated average value 2.0 0
Group B: 30cm Rooting Depth
Waihirere clay loam (shallow) 3f Patutahi are% ysilay loam 1 1.0
Makauri clay loam (shallow) 5 Patutahi are% gilgy loam 1.2 1.2
Waipaoa silt loam (shallow) 1 Ormond area siltyydzam 1.2 1.1
Estimated average value 1.1 1.1
Group C: 30cm Rooting depth
Waihirere clay loam (shallow) 3f Te Arai area sittgy loam 1.9 2.2
Waihirere heavy silt loam mottled phase 3e Te Arai area heavy silt loam 1.95 2.1
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Soil name Soil map unit Location Soil type Top sol PrAW Subsoil PrAW
(mm AW/cm soil depth) (mm AW/cm soil depth)
(shallow)
Waihirere silt loam mottled phase (shallow 3b Traifarea silt loam 2
Waihirere silt loam mottled phase (shallow 3b Rattuarea silt loam 2 1.3
Estimated average value 2 2
Group D: 45cm Rooting depth
Kaiti silt loam (shallow) 6 Patutahi area silty glaam 1.9 0.5
Kaiti clay loam (shallow) 6¢ Patutahi areg siltgycloam 1.9 0.5
gﬁ;?llgivr)e heavy silt loam mottled phase 3c Patutahi area silty clay loam 1.9 0.7
Makaraka clay loam (shallow) 4da Ormond arep siky toam 1.9 0.7
Makauri clay loam (shallow) 5 Ormond area siltyydi@aam 1.9 0.7
Estimated average value 1.9 0.6
Group E: 60cm Rooting depth
gr?gl]li(r;\j\:)e heavy silt loam mottled subsoil 3e ormond area silt loam 5 13
Waihirere clay loam (deep) 3f Patutahi area silky tcoam 1.9 0.8
Makauri clay loam (shallow) 5 Patutahi area silgydoam 1.9 0.8
Kaiti silt loam (deep) 6 Patutahi ared silty clagmn 1.9 0.8
Kaiti heavy silt loam (shallow) 6b Patutahi area Itysilay loam 1.9 0.5
Kaiti heavy silt loam (deep) 6b Patutahi area sily loam 1.9 0.8
Kaiti clay loam (deep) 6¢C Patutahi area silty dizam 1.9 0.8
Kaiti clay loam shallow topsoil (Shallow) 6d Patutarea silty clay loam 1.9 0.8
Estimated average value 1.9 0.8
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Soil name Soil map Location Soil type Top sol PrAW Subsoll PrAW
unit (mm AW/cm soil depth) (mm AW/cm soil depth)
Group F: 70cm Rooting Depth
Kaiti clay loam shallow topsoil (deep) 6d Patutarea silty clay loam 1.9 0.8
Makaraka clay loam (deep) 4a Ormond area silty Idagn 1.9 0.8
Makauri clay loam (deep) 5 Ormond arep silty clzgmh 1.9 0.8
Waipaoa silt loam (deep) Ormond area silty ctaynt 1.9 0.8
Estimated average value 1.9 0.8
Group G: 90cm Rooting depth
zlt\jlzgh;;ere heavy silt loam mottled phase 3e Patutahi area silty clay loam 1.9 1.0
zlt\j/:ieh;;ere heavy silt loam mottled subsoil 3e Ormond area silt loam > 15
Waihirere silt loam (shallow) 3 Patutahi area Isitm 2 1.6
Waihirere silt loam mottled phase (deep) 3b Patwteda silt loam 2 1.6
Estimated average value 2 15
Group H: 120cm Rooting depth
Waihirere clay loam (deep) 3f Te Arai area siltgncloam 1.9 1.6
Waihirere heavy silt loam (shallow) 3c Te Arai arep  heavy silt loam 1.95 1.3
Waihirere heavy silt loam (deep) 3c Te Arai area aviyesilt loam 1.95 1.6
zlt\jlzgh;;ere heavy silt loam mottled phase 3e Te Arai area heavy silt loam 1.95 1.6
Waihirere silt loam (deep) 3 Patutahi area siltMoa 2 1.6
Waihirere heavy silt loam (shallow) 3c Patutahisare silt loam 2 1.6
Waihirere silt loam (shallow) Te Arai areg silam 2 1.3
Waihirere silt loam (deep) Te Arai area silt loam 2 1.6
Waihirere silt loam mottled phase (deep) 3b Te Araa silt loam 2 1.6
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Soil name Soil map Location Soil type Top sol PrAW Subsoll PrAW
unit (mm AW/cm soil depth) (mm AW/cm soil depth)
Makauri clay loam (deep) 5 Te Arai area silty diagm 2 1.6
Makauri clay loam friable subsoil (deep) 5a Te Aasa silty clay loam 2 1.6
Kaiti silt loam (deep) 6 Te Arai area silty clayalo 2 1.6
Kaiti heavy silt loam (deep) 6b Te Arai area sdtgry loam 2 1.6
Kaiti clay loam (deep) 6¢ Te Arai area silty clapain 2 1.6
Estimated average value 2 1.6
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Figure B1: Soils map of Ormond area (from DSIR, 296
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Figure B2: Soils map of the Ormond Area (from DSI862)
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Figure B3: Soils map of the Patutahi area (from RS1962)
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Figure B4: Soils map of the Patutahi and Te Araaffrom DSIR, 1962)
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Appendix C: Grower information

Typical crop management and irrigation practicesjoled by growers following a workshop
held in Gisborne on October 31 2011.
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Table C1: Typical vegetable irrigation practices

_ Critical
Maximum Target % of time PAW
App. |Return rooting  |minimum soil allowed to ie. never
Depth | period Irrigation depth* moisture exceed Target | pelow this
Crops Season (mm) | (days) methods (cm) (% PAW)** PAW PAW Notes
20 2-3 Sprinkler
Lettuce | Crownallyear Skl 35 60% 10% 50%
around 1.5 7 Trickle
Initial applications day
Baby Grown all year 7 1 Sprinkler o5 75% 10% 60% land 2, _20 and 15 mn
Leaf around — then miss a day and
irrigated on need
Sept to April
Melons prioAp 12 3 | Trickle 60 60% 15% a0y |[Ony grown
under mulch
Aug to Jan .
Squash 12 3 Trickle 60 60% 15% 40% Mulch
Aug to April Travelling Boom _
Squash 25 14 . 60 60% 20% 35% Open field
Big Gun
Travelling boom
Broccoli | Crownallyear 30 28 : 9 50 60% 10% 35%  |Open field
round Big Gun
Travelling boom _
Cabbage | Crownallyear | 5, 28 | Big Gun 50 60% 10% 3500  |Openfield hasa 25
round mm initial wetting up
Sprinkler
_ Travelling boom
Tomatoes| Sept to April 25 28 : 100 60% 20% 35%
Big Gun
. Travellin om
Onions | Jul-Feb 30 10 velling bo 25 60% 20% 35%

Big Gun
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#

Winter nutrient-feed only

* High groundwater levels will limit rooting dem in some areas so this will be modified basedailrtype
* PAW = plant available water at field capacity.

Table C2: Typical irrigation practices for otheraps

Target Ul
A . minirﬁum allowed to
Type of Typical PP Return  |Maximum | T exceed
agricultural irrigation depth period rooting |SOil moisture | target | Critical
system Crops irrigated equipment used | (mm) (days) depth* | (% PAW)** PAW PAW Notes
Horticultural — o
Kiwifruit sprinklers. 6 1 50 60% 10% 50%
Sweet Corn Travelling boom 30 As reqd. 100 50% 20% 35% Under Mulch
Arable Sweet Corn Travelling boom 30 As reqd. 100 50% 20% 35%
30 As reqd.
Seed Maize Travelling boom a 80 50% 20% 35%
R q Centre Pivot 10 2
Pastoral ye grass an Lateral booms 35 7 70 50% 10% 25
clover pasture _
K-line 35 7

* High groundwater levels will limit rooting dem in some areas so this will be modified basedailrtype

* PAW = plant available water at field capacity.
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Model parameters for continuously cropped vegetabke

The year has been divided up into four seasons@grsin Table C3.

Table C3: Typical irrigation

Season Months modelled
Summer December — February
Autumn March — May
Winter June — August
Spring September - Novemb

er

The length of the growing period will vary over thear and the same crop is not planted back irsdn@ee area within the same year, except for
baby leaf lettuce which has a 2 in 3 year rotateiven the change in the growing period, the nundb@rops per season based on an end on end

rotation, has been modelled as shown in Table CA4.

Table C4: Growing information for Vegetable - sn@aéen crops

Baby leaf Lettuce Broccoli Cabbage
Growing Growing Growing Growing
length Crops length Crops length Crops length Crops
Season (days) per season| (days) per season (days) per season (days) per season
Summer 25 4 44 2 64 1 85 1
Autumn 35 2 66 1 90 1 100 1
Winter 50 2 105 1 112 1 140 1
Spring 35 3 60 2 80 1 90 1
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Appendix D: Crop maximum rooting depth

The modelled maximum rooting depths for differesitssgroups are listed in Table D1.

Table D1: Crop maximum rooting depth

Maximum rooting depth

(mm)
Sall Sweet
group | Lettuce Baby Leaf | Broccoli | Cabbage| Onions | Melons | Squash | Tomatoes| Citrus | Kiwifruit Corn Maize | Pasture
A 200 200 200
B 300 250 300 300 250
C 300 250 300 300 250
D 350 250 450 450 250 450 450 450 450
E 350 250 500 500 250 600 600 600 600 500 600
F 350 250 500 500 250 600 600 700 700 500 700 700 600
G 350 250 500 500 250 600 600 900 700 500 900 800 600
H 350 250 500 500 250 600 600 1,000 700 500 1,000 800 600
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Appendix E: 1-in-5 year drought and maximum yearly
irrigation requirements

Table E1: Estimated 1-in-5 year irrigation requirents for Vegetables — Small Green

1-in-5 year water demand
(mm/yr)

Soil group Lettuce Baby Leaf Broccoli Cabbage | Onions
A 610 731 572
B 625 709 623 729 567
C 658 767 654 704 564
D 641 724 647 706 572
E 643 744 662 688 572
F 643 744 662 688 572
G 642 759 702 706 572
H 642 762 702 713 572

Table E2: Estimated 1-in-5 year irrigation requirents for Vegetables - Cucurbits family

and Tomatoes

1-in-5 year water demand

(mm/yr)
Soil group Melons Squash | Tomatoes

A

B

C

D 506 550

E 507 550 599

F 507 550 589

G 509 554 617

H 514 550 625
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Table E3: Estimated 1-in-5 year irrigation requirents for Horticulture, Arable and Pasture

1-in-5 year water demand
(mml/yr)
Soil group |  Kiwifruit Sweet Corn Maize Pasture

A

C

D 360 716
E 360 710
F 360 310 312 710
G 350 335 332 679
H 360 334 335 679

Table E4: Estimated maximum irrigation requiremeotsVegetables — Small Green

Maximum water demand
(mm/yr)

Soil group Lettuce Baby Leaf Broccoli Cabbage Onions
A 728 834 636
B 701 805 762 876 632
C 740 858 776 856 632
D 732 812 780 864 640
E 736 842 788 864 636
F 736 842 788 864 636
G 732 842 780 852 636
H 732 850 780 852 636

Table E5: Estimated maximum irrigation requiremeiotsVegetables - Cucurbits family and

Tomatoes
Maximum water demand
(mml/yr)
Soil group Melons Squash | Tomatoes
A
B
C
D 660 724
E 668 732 800
F 668 732 796
G 676 760 848
H 680 760 848
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Table E6: Estimated maximum irrigation requiremeiotsHorticulture, Arable and Pasture

Maximum water demand

(mm/yr)
Soil group |  Kiwifruit Sweet Corn Maize Pasture

A

C

D 495 940
E 495 925
F 495 380 380 925
G 525 405 385 945
H 525 405 385 910
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Appendix F: Percent distribution of irrigation requ irements by season for continuously
cropped Vegetables — Small Green

Table F1: Percent distribution of irrigation req@ments for Lettuce by season

Percent distribution of irrigation requirement by season
Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn
Soil Group A Soil Group B Soil Group C
Average 3% 32% 46% 18% 5% 31% 43% 20% 4% 32% 43% 20%
1-in-5 year 4% 32% 43% 21% 6% 32% 39% 23% 6% 31% 39% 24%
1-in-10 year 5% 34% 40% 22% 7% 31% 39% 23% 6% 32% 38% 24%
Maximum 7% 32% 39% 21% 10% 32% 37% 22% 8% 33% 37% 22%
Soil Group D Soil Group E Soil Group F
Average 4% 31% 45% 20% 4% 31% 45% 20% 4% 31% 45% 20%
1-in-5 year 5% 31% 41% 23% 5% 31% 41% 23% 5% 31% 41% 23%
1-in-10 year 6% 33% 39% 23% 5% 33% 39% 23% 5% 33% 39% 23%
Maximum 8% 32% 38% 22% 8% 32% 38% 22% 8% 32% 38% 22%
Soil Group G Soil Group H
Average 4% 32% 44% 21% 4% 32% 44% 21%
1-in-5 year 6% 31% 40% 23% 6% 31% 40% 23%
1-in-10 year 7% 32% 38% 24% 7% 32% 37% 24%
Maximum 9% 31% 38% 22% 9% 31% 37% 23%
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Table F2: Percent distribution of irrigation req@ments for Baby Leaf by season

Percent distribution of irrigation requirement by season
Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn
Soil Group A Soil Group B Soil Group C
Average 8% 31% 38% 23% 9% 31% 38% 22% 9% 31% 37% 23%
1-in-5 year 9% 32% 35% 24% 11% 31% 36% 23% 11% 31% 34% 24%
1-in-10 year 10% 32% 35% 24% 10% 32% 35% 23% 11% 30% 34% 25%
Maximum 12% 31% 33% 23% 11% 31% 34% 23% 13% 30% 32% 24%
Soil Group D Soil Group E Soil Group F
Average 9% 31% 37% 23% 9% 31% 37% 23% 9% 31% 37% 23%
1-in-5 year 10% 31% 35% 24% 10% 31% 34% 24% 10% 31% 34% 24%
1-in-10 year 10% 31% 34% 25% 10% 31% 34% 24% 10% 31% 34% 24%
Maximum 13% 31% 33% 23% 12% 31% 33% 24% 12% 31% 33% 24%
Soil Group G Soil Group H
Average 9% 31% 37% 23% 9% 31% 37% 23%
1-in-5 year 10% 31% 35% 24% 11% 31% 34% 24%
1-in-10 year 11% 31% 34% 25% 11% 31% 34% 25%
Maximum 13% 30% 32% 24% 13% 30% 32% 24%
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Table F3: Percent distribution of irrigation req@ments for Broccoli by season

Percent distribution of irrigation requirement by season
Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn
Soil Group A Soil Group B Soil Group C
Average 6% 34% 41% 20% 4% 34% 43% 20%
1-in-5 year 7% 33% 38% 22% 6% 32% 39% 23%
1-in-10 year 7% 34% 37% 22% 7% 33% 37% 23%
Maximum 9% 33% 35% 22% 8% 33% 35% 23%
Soil Group D Soil Group E Soil Group F
Average 5% 34% 42% 20% 5% 33% 42% 20% 5% 33% 42% 20%
1-in-5 year 6% 33% 39% 22% 7% 32% 38% 23% 7% 32% 38% 23%
1-in-10 year 7% 32% 38% 22% 7% 32% 36% 24% 7% 32% 36% 24%
Maximum 10% 32% 35% 23% 10% 31% 35% 24% 10% 31% 35% 24%
Soil Group G Soil Group H
Average 5% 34% 41% 21% 5% 34% 40% 21%
1-in-5 year 7% 32% 37% 23% 7% 32% 37% 23%
1-in-10 year 8% 33% 35% 24% 8% 33% 35% 24%
Maximum 10% 33% 34% 23% 10% 33% 33% 24%
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Table F4: Percent distribution of irrigation req@ments for Cabbage by season

Percent distribution of irrigation requirement by season
Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn | Winter | Spring | Summer | Autumn
Soil Group A Soil Group B Soil Group C
Average 5% 32% 43% 20% 5% 32% 45% 19%
1-in-5 year 7% 32% 41% 21% 6% 32% 42% 21%
1-in-10 year 7% 32% 39% 23% 6% 32% 39% 23%
Maximum 8% 33% 37% 23% 9% 32% 37% 22%
Soil Group D Soil Group E Soil Group F
Average 4% 32% 45% 19% 4% 33% 44% 19% 4% 33% 44% 19%
1-in-5 year 5% 32% 41% 22% 5% 32% 42% 21% 5% 32% 42% 21%
1-in-10 year 6% 32% 40% 22% 6% 34% 39% 21% 6% 34% 39% 21%
Maximum 8% 32% 37% 23% 7% 33% 36% 23% 7% 33% 36% 23%
Soil Group G Soil Group H
Average 4% 32% 44% 20% 5% 32% 44% 20%
1-in-5 year 6% 32% 41% 21% 6% 31% 41% 22%
1-in-10 year 6% 31% 39% 23% 6% 31% 40% 23%
Maximum 8% 33% 36% 23% 8% 33% 36% 23%
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