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Ustng Jimited irrigation water - crops or pasiure?

GN WARD, JL. JACOBS and FR McKENZIE

Depariment of Primary Industries, Warrnambool, Victoria, Australio

Abstract

The irrigation of perennial pasture and the growing of
dryland summeT forage CIops are two commeon methods
of increasing the supply of and nutritional value of home
grown forage on dairy farms in south west Victoria, In
recent years the amount and reliability of supply of
jrrigation water lo dairy farmers in the region has
decreased through drought and increased regulation.
Over the last 8 years a series of studies have been
conducted to investipate the wost efficient use of
ameeliable firipation water supplies. Pecenniul pasture
was fornd 10 be particulirly sensitive in terms ol reduced
productivity and water use efficiency (WUE) lo poor
irigation praciices. However, under pood management
and reliable water supply it is still likely to be the easiest
and most ecopomically efficient irrigation system

Irrigated summer forage cropg were found to have a
higher WUE, bul responses were varizble due to yea: to
year seasonal differences. These crops wese found to be
more tolerant of poor irrgation management and were
able to take advantage of reduced amounts of irrigation
water and one off irrigations.

Keywords: brassices, forage crops, irrigated pasture,
irsigation, water use efficiency.

Introduction

The climate of south west Victoria is characterised by
winter dominant rainfall coupled with high summer
temperatures and evaporation rates, resulting in low
summer pasture growth rates and a marked decline in the
nutritional value of pasture. This in turn leads to a rapid
decline in milk preduction, unless supplements (& g.
grain) or other forages sre fed. Two of the most common
methods of increasing the supply of home grown forage
are growing of summer forage crops and frrigation of
perennial pasture.

Some 18% of dairy farms m the south west have
licences to irrigate land through private diversions from
rivers, dams and groundwater extraction (Ward et al.
1598). In receni years the amount of water available for
irrigation and the reliability of supply has decreased
through 2 combinalion of prolonged drought and
legislative changes. The implementation of stream flow
management plans has resulted in week to week variation
in water zvailability, including totel iigation bans, in
order Lo meet minimum river flow requirements In other
districts, the implementation of groundwater supply
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protection areas may lead te yedustions in Iicence volumes

Traditionally deiry farmers in the region have used
their water allocetion to irrigate perennial ryegrass (Lolium
perenne L.} — white clover (Trifolium repens L}
pastares. Questions have been raised as to whether this
is the mos! efficient and profitable vse of this ncreasingly
expensive and unreliable resource. Research in other
regions suggests that summes forage crops may give
betier responses to applied water and be more tolerant of
poor imigation scheduling (Pritcherd 1587; Armstrong
¢t al. 2000; Bckard ef el. 2001).

Trial Program

Perennial pasture

Initial irials determined ideal irrigation startup times in
spring end optimum irrigaton schedules for the region
including amounts of water required and application
interval for perenniz] ryegrass (Lolum perenne L)~
white clover ( Trifolium regens L.} pasture (Ward 1995)
Losses in herbage production and reductions in water
use efficiency (WUE; t DM/ha ML of applied irrigation
water) due lo sub-optimal irrigation practices were
studiet. These included late start up times in the spring,
excessively long application intervals (an excessively
long irrigation interval treatment was imposed by delaying
the next imrigation for 3-4 days after a 30 cm depth
tensiometer reading exceeded 30 kPa {Ward ] 099)) and
applying less water than plants required. {Ward et al
1998).

Summer forage crops

Subsequent trials investigated the responses to and WUE
of irripating a range of summer forage crops. The
effectiveness of restricted irrigztion regimes including a
range of suboptimal water application rates and rrigating
only at certain times during the crop’s growil were
investigated One sel of lrials {Jacobs er al, 2004),
compared the responses of turnips (Brassica rapa L. cv
Vollenda) to weekly irrigations of 100%, 75%, 50% and
25% of estimated crop water requirements relative {o 2
non-irrigated control Other irigation treatments imposed
were 2 single application of 50 mm of irrigation water at
either 0-5, 6-8, 8-10 or 10- 12 weeks after the crop was
sown. In a second lrial (Jacobs er al. 2006), responses
from regrowih summer forage CTops, turnip-rape
(Brassica campestris L. X Drassica napus L. cv Hunter),
radish (s complex hybiid of Raphanus sativus L with
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imogression fram Raphenus maritimus L. and Brassica
oleracea L. cv Graza) and millet (Echinochioa utilis
Ohwi & Yabuno cv. Shirchie) were compared. irrigation
ireatments were a non-irripated control, weekly irrigation
to 100% and 50% of estimated perennial pasture water
requirements and applications every second week of 50%
of estimated pasture requirements for 8 week. Detailed
climatic information for these two trials are listed in J accbs
ef af. (2004) and Jacobs el al. {2006) respectively.

Regults and Discussion

Perennial pasture

The results of the pasture trials confirm that the WUE of
imgation watey apphied to perenmial ryegrass-white clover
in south west Yictoria under good commercial
management is in the order of | 01 DMMma ML (Teble 1)
(Ward et al, 1998). This value has been uwsed for feed
planning in southern Victoria (Mount pers. comm.) for 8
number of years and is in Jine with nerthern Victorian
findings of 0.7-1,3 1 DM/ha ML for irrigated perenmizl
pasture (Armstrong et al 2000),

Bopennin) ryegrass-white clover pasture was very
sensitise W powt trrigalion scheduling and praciices.
( ammencing fmigation 10and 20 days afier the pptimum
e g Jaumd 1o reduee herbage sectmulation by 33%
and 6075 compared 10 an aptinmum contral for the peried

Table 2 Efiect on iotal DM praduction ( DM/ha) and irrigal

Vollenda turnip crops irrigaled weekly at @ ran
fions &t a range of times ahier sowing compared 10 & drytand

requirements and for one-off 50 mm irriga
ceptrol ireatment

mid December to early February (Ward ef ol 1598).
Where only 70% of estimated weter requisement wes
applied to the pasture each week, pastare DM production
for the season fell by 43% and WUE fell from 1 04 to
0.87 L DM/ha ML compared ta the reatment receiving
100% of estimated requirements (Table 1) Despite 100%
of the sstimated water requirement being apptied afler
delaying the next irrigation by 3-4 days, pasture DM
aroduction for the summer declined by 46% and WUE
fell 10 0.57 t DM/ha ML (Table 1).

Summer forage crops
The ingation of turnips produced variable resulls
depending on the seasor. In year 1, DM production
from the fully irigated reatment was almaost double that
of the dryland, while in year 2, no significant responses
(P>0 05} to imrigation were found (Table 2). This
difference is thought tabe a resuit of large differencesin
summer temperatures experienced between the two years,
{illusuated by the differences in irrigation requirements,
Table 1}, and it is indicative of the variable ability of such
crops to respond to variations in climatic conditions.
Despite the WUE figures being variable, they are inline
with the 1.5-2.2 1 DM/ha ML responses found for wrnips
in Tasmania by Sckard et al. (2001). Impertantly, they
are greeter than the WUE figores obtained for perennisl

ion water use efficiency {1 DM/ha.ML) over 2 yesrs ol
ge of raieg bDeiween 25%, and 100% of estimaied

- Year 2 ———————

Fotal DM Wates use Total BM Whaier use :
Treaiment produciion efficiency production efficiency ,
{i DM/ha) (1 DM/Ma. ML} (t DM/ha)} {l Dvrha ML) .
Dryiand 4,94 - 938 . !
100% of reg 10.34 1.48 10.30 0.53
75% of raq 861 1.28 9.81 0.46
50% of req, 840 1.8% 10.39 116
26% of req. 5.81 0.80 9.99 1.65
0-B weeks 5.40 114 8,83 -0.88
§-8 weeks 510 0.32 8.97 -3.66
8-10 weeks 6.44 2.9 867 0.97
10-12 weeks B.12 235 9.25 008
L8D (P=0.05) 1051 1778 1.379 1.480
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rehie & irrigalion waler applied {Mlfha) and the cost of herbage grown (§/t DM) over lwo years of Vellenda

\urnip crops irrigated weekly al & range of rates between 25% and 100% of esiimated requirements and

ior onge ofl 50 mm irrigations al a range of times aller sowing compared Ic a dryland control Irealment

irrigation o o o 8-10 i0-12
Treziment Drylend 100% 75% 50% 25% weeks wasks
Yeat )
water applied (ML/ha) . 3.80 285 1.90 0.95 0.5 0.5
Cost($/l DM} 165 118 128 120 158 135 142
Year 2
water applied (Mt/ha) . 210 1.58 1.0% 0.53 0.5 0.5
Cost{§N DM} 68 100 el 89 88 ] o4

pasture {Table 1), indicating that turnips are a more
efficient user of irrigation water. The DM production
responses and comparatively high WUE figures for the
single 50 mm irrigation applications at weeks 8-10 and
10-12 in year 1 also saggest that turnips can be effective
wtilisers of one-off imigation applications.

Jacobs ef af (2004) provided costs of growing these
crops under the different irrigation regimes (Table 3,
and, whilst year to year data varies, it would appear that
under good growing conditions, the costs are comparable
with irrigated perennial pasture (§78-112/t DM/ha)
(Robaina 1999).

For the regrowth forage crops {Jacobs et ol 20086),
the 100% irrigation treatment produced significantly
(P<0.05) higher DM yields than dryland crops in both
years for a1l crops (Table 4). As with turnips, the WUE
of applied irrigation water varied considerably between
yesrs and also between crops. Irrigation WUE's in the
:ange of 13-1.8 t DMi/ha ML were recorded for the
brassicas in year 2, while the miliet crop recorded higher
WUE values at the restricted irripation treatments. High
WUE for milfet is consistent with il being a C4 plani

(Begg and Turner §976), but comes al the cxpense of
herbage nutritive value

Pracijes] implications
Irrigation of perennial pasture is the easiest and often the
most economically efficient system of wsing irrigation
water for summer forage production on farm. However,
our work nas shown that it is very sensitive fo poor
irrigntion scheduling and practices. There are kg
penaliics 1 terms ol huth reduced herbage DM
production and WL wheney er pusture plants go e
waler siress throngh:
« Late sigel up i spring,
+ Insulficiem water being applied 1 fully meel plaot
yEGUIntMENLS,
. tnteryals betw gen rigations being 10 tong
Under volume resirictions, our work indicates that it
is mare efficient and productive 1o reduce the area of
pasture irrignied and apply the plants” full waier
reguiremems. Under-irrigating pasture resulis in & greater
decline in DM production and WUE compared to the
water saved.

=hie 4 Effect on crop DM production {1 DMiha) and irmgation WUE {t DM/ha.ML) over 2 years of turnip-rape,

radish and millet crops irrigated weekly a

100% and 50% ol estimaled pasture equiremenie and

joslnightly al 50% comparad 1o & dryland lreatmant

—— Turnip-rape Radish ——— e — MR} ———
Jrrigalion Year | Vear 2 Year ! Year 2 Year | Year 2
Treatment DM WUE [ WUt M WUE oM WUE oM WUE DM Wiit
Pradn Prodn Frodn Prodn Prodn Prodn
Dryland 71.81 . §.42 - 743 5.81 - 11.95 . 8.04
(1.7ep
100% 12.59 I.18 14.32 {55 123 1,34 0Bz 143 1489 0.7 1376 120
(0.346) (0.350) (2.38) (0.288) (0.332)
50% 10.26 1.18 1193 .84 1041 {.65 8.86 133 14,81 .34 13.51 287
(0.346) (0.257) (218) (0.259) (0.351)
50% 7.81 028 1013 1.78 801 0.53 742 1.36 13.22 0.33_ 17 .47
forlnighily (0.284) (0323 [2.01) (0.261) (0.315)
LSD(P=0.05) 1./08 (042) 2014 2193 0.8 (0.026) (0.193) (0.079) .71 {0072) 1853 0962

.

Wajues in parentheses ars lranslormed means with LSD relerring lo transiormed data.
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O v b has g1se condirmed than migged sunpn€l
forege crops often heve 2 inghes WUE then perennial
pestne bt ihis advaniage 12 ool BFLVESSED €38 238D
Wt (he full cost of growing en rmgsied swnmes [oage
top fincuding estabjighment Loste pastule fTigone
resossing Ihe pasiure) s mciuded then ihe cosl of the
herbege grown will in some veers be greaier than e
vas of an efficientl menaged nigaled pestue sysiem.
Whete hove e sume of these <ot a0 b aliccaied e
pail ol a noima!l pestuie PENGe &t plugiat (he
cconomics of iiigated (orape crops becomne mine
atrantive .

in g expenence, tie inigation of summer lorege
cope offers the besi polential 1o moductively utilise
unreliable jirpation walsr supplies Such crops aie
congiderably more lolerant of miseed inigations han
perennial paslme Folage crops previde good
regponses m OM yield and WUE 10 one-off inigation
in Ihe mid to later phases of their growth cycle The
forage crops are usually only irrigated for a ghorlel
time period over summet, They will grow od
conserved soil moisture {on the imtial ciop establish:
ment period, sllowing imigation to commence during
the 1apid growih phase of the crop Ous results also
indicate thal regulas parbval rngations w30
of extiniiod perennial pastuie renuirewnts w il pfiea
ghve the best Wi b linuded wiigation weier.
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