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Productivity and water use of an irrigated high country pasture
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Abstract

Pasture production and irrigation water-use
efficiencies were measured for 3 irrigation regimes
on a Mackenzie shalow, stony soil in the
Mackenzie Basin near Omarama. Irrigating at 25%
was the most efficient of three irrigation
frequencies maintained over the 198 1-1986 period
(irrigated at 0%, 25%, and 50% plant-available
water capacity). Less frequent irrigation resulted
in lower pasture yields due to increased water
stress, while more frequent watering resulted in a
55% drainage loss of irrigation water below the
root zone. At 1.16 t DM/ha per irrigation, the
increase in pasture yield with irrigation at 25%
was higher than most increases achieved in
existing irrigation schemes in Central Otago and
mid Canterbury. Over 6 years, this treatment
required 4-7 irrigations annually and, on average,
produced 6.0 t DM/ha more than did dryland
pasture. The water-use efficiencies achieved in
the border-strip irrigation system used were
generally greater than expected for highly
permeable stony soils where large drainage |osses
of irrigation water below the root zone are
common. Thiswas the result of reduced soil water

promise, many are slow to establish and of low
pessence (Woodman et a. 1992).

In some aess of the high country where water is
available, irrigation may be a viable aternative to
increase productivity. At Tara Hills High Country
Research Station close to Omarama, irrigation has been
employed snce 1950, and irrigated pastures comprising
tradiiond  species there can produce 100 t DM/halyr
(Greenwood  1982). In the Mackenzie Basin, irrigation
water can be drawn from canals associated with a
hydroel ectricity scheme and, in the past, irrigation
ghemes have been conddered for this aea (O Connor
1966). An ealier il suvey clasdfied locd oils in
teems of their uitability for imigation (Webb 1981).

This paper reports the results of an irrigation study
conducted in the Mackenzie Basn between 1980 and
1986. The production and persgence of dryland and
irrigated pastures were examined together with
irrigation requirements and efficiency of water use.
Ealy reslts have been reported by Greenwood & Paton
(1985).

Methods

This experiment was conducted on Glenbrook Station
18 km north of Omarama, a 480 m ad. Annud ranfdl

* transmission rates after _compaction by heavy

machinery during border strip* preparation. That
effect of compaction was persistent, and had not
diminished 9 years after initial pasture and
irrigation development, as structural improvement
of this soil is slow, even under irrigation.
Keywords: high country pasture, irrigation,
Mackenzie Basin

Introduction

In the Mackenzie Basin, a high country aea in North
Otago characterised by hot, dry summers, dryland
padures developed with traditiond grass and  clover
mixtures exhibit low productivity and poor perSstence.
Cosens (1990), for indance, reported an average annud
pasture yield of only 1.7 t/ha near Omarama. More
drought-tolerant  pecies  of  grasses and  legumes  have
been introduced to improve padure performance in such
environments but, while several show considerable

during the 6 year duration of the experiment. The sail is
a Makenzie shdlow sandy loam with arees of a more
stony phase associated with relic stream channels.
Overall, the mean stone-free soil depth is 22 cm
underlan by 40 cm of very sony, loamy sand. Plant-
avalable waer capacity is approximaely 75mm.  This
Mackenzie soil is  representative  of  approximady 20
000 ha of potentidly irigable land in the Mackenzie
Basin.

After 3 years of pasture establishment studies
following devdopment from native fescue tussock, 3
irrigation treatments were imposed on the 5.5 ha
experiment. Water was applied by an astomated border
drip method a 0%, 25% and 50% AWC (avalable soil
waer capacity) to grazed plots of approximaey 0.3 ha
The three imigated, and one dryland, tregtments were
lad out in a randomised block design with 3 replicates.

Each plot, comprisng a single border dtrip, was
irrigated separately a a flow rae of 60 Ifs. Quantities of
irrigation water applied to the irrigated plots were

at Twizel, 10 Kmnorthy of the Site, averaged323 mm
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recorded for later cdculdions of waer use eficiencies
Pesture compogtion and growth rates were  meesured.
Mantenance  fertilisr was 375 kgha superphosphate
for the fird 2 years of the experiment. For the remaining
4 years, the experiment received 250 kg/ha sul phur
superphosphate  annually.  Further  details of design  and
measurements have been reported by Greenwood &
Paton (1985).

Results and discussion

Dryland pasture production

In this severe Mackenzie dimate, annua dryland pasiure
yidd averaged only 175 t DM/ha beiween 1980 and
1986 (Table1), approximately 40% lower than that
reported by Radcliffe & Cossens (1974) for dryland
Centrd Otego pesiure. The difference most likely reflects
a 25% lower plant-available water capacity in the
Glenbrook il resulting in a gredter incidence of drought
conditions. The saverity of such conditions is clealy
reflected in poor persstence of both ryegrass and clover
as, dter intid establishment of the pasture in 1977,
successive  summer  droughts resulted in such a  rapid
decline of both species that, by spring 1983, overdrilling
was necessary. However, soon after resowing, ryegrass
and clover again suffered severely from drought
conditions and by the end of the experiment in 1986,
both comprised only about 15% of the sward (Table 2).
The remainder consisted of annual grasses (Bromus

L.), sweet vernal (Anthoxanthum odoratum L.) and
sorrel (Rumex acetosella L.).

Irrigated pasture production
Irrigation a 25% AWC, i.e. when 75% of plant-available
waer had been depleted, resulted in an average anud
pasiure yield which was 3.6 times (6.0 t DM/ha) higher
than that of dryland (Table 1). This result closely
matches irrigation improvements reported from a
Centrd Otago experiment in a similar environment  but
on a deeper soil (Raddliffe & Cossens 1974), and excesds
that achieved by Scott & Maunsdl (198 1) of a 2.7-fold
improvement  for ungrazed white clover in pure Swards
in the Mackenzie Basn. In the present work, annud
yidd increasss ranged from approximady 7.0 t DM/ha
during two of the six years, to alow of 4.7 tDM/ha
during 1982/83 when grass grub damage to the irrigated
swards was evident. The irrigated plots were
consequently overdrilled then, a the same time as were
the dryland plots. After sward rejuvenation, annual
irrgated yidlds increased by about 20 t DM/ha.
Following initistion of growth in mid September,
the dryland growth rate incressed to 138 kg DM/ha/
day a the end of October (Figure 1). Production then
declined through the dry summer period o that, in
totel, 50% of annua growth occurred in the gring and
40% in summer (Figure 2). In contras, the irrigated
padure grew much more rapidly during spring when
ryegrass dominated the sward. Although production

mollis L., Bromus tectorum L., and Vulpia bromoides ~ then declined dightly, white clover growth increased
rapidly in late November to become
the dominant species. The pesk growth
Table 1  Annual dry matter yields. rae of 508 kg DM/ha/day wes atained
in mid December. lIrrigation then
Dry matter yield (tha) mantaned high growth rates reative
.............................. Year = Mean to the dryland pasture until the onset of
Treatment 1080/81 81/82 82/83 83/84 84/85 85/86 1980-86 cooler autumn conditions in March.
Dry 120 152 130 104 270 139 165 Growth in both swards ceased by early

0% AWC 597 513 452 616 7.79  6.36  5.99 i
25% AWC 775  6.94  6.00 092 023 032 771 May. Smilr patterns o goath were
50% AWC 736 775  7.95  0.69 097 059  0.39 reported by Reddliffe & Cossens (1974)
for Centrd Otago pestures (Figure 1).

LSD (P<0.05) 1.59 1.40 1.90 1.26 076 07 0.50

On average, the least frequently

Table 2 Proportionsof ryegrass and clover in dryland and irrigated (25% AWC)

treatments.

irrgated treatment, i.e that irigated at
0% AWC, required 4.0 irrigations
annudly. Irigating more frequently a
25% AWC required an additiona 15

Year

irrigations (5.5 irrigations annually),

Treatment 80/81 §1/82 82/83 83/84 85/86 whils the most frequent watering regime
Ryagrass % Dryland 10 0 4 ! 13 (50% AWC) demanded 80 irrigations

25% AWC 10 26 14 10 37 per year (TEHE 3)

LSD ({P<0.05) 5 16 1 4 15 Over the sx years of the experimen,
White Dryland 45 1 2 15 10 the 1981-82 growing season was the
clover % 25% AWC 45 50 57 60 30 driest (Figure 3), with dryland soil water

LSD (P<0.05) 11 0 1 0 10° contents below 25% AWC for more
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Figure 1 Rae of padure gromth for dryland and irrigated
pastures, and comparisons with irrigated pastures in
the Lower Waitaki Valley neer Oamaru (Greenwood
& Seah 18 1) ad in Cerd Otao ner Alexanda
(Reddiffe & Cossens 1974).
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Figure 2 Seasonal dry matter yields.
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Teble 3 Irigation detals and efficiencies (means for 1981-
1986).
Treatment Number of Water Additional Irrigation
irrigations  applied per DM yield efficiency*
per year irrigation per (%)
t DM/ha (mm) irrigation
——0%-AWC 4:0 69 1.06 105
25% AWC 55 70 1.16 72
50% AWC 8.0 78 0.81 45

Soil water deficit x 100

Irrigation water applied

. Irrigation efficiency =

then hdf of the season. During that year, 6 irrigations
were applied to the 25% AWC trestment, while in the
season with highest rainfal (1983-84), and associated
high soil water contents, 2 less irrigations were
required. Overall, 3-5, 4-7 and 4-10 irrigations were
applied to the 0%, 25%, and 50% AWC treatments
respectively during the six years. In general, these
irrgation needs for this high country Mackenzie Basin
Ste, were comparable with those reported for a shellow
dony soil of smilar water-holding capacity within the
Vdetta irrigation scheme in mid Canterbury (Hayman
& McBride, 1979).

Irrigating at 0% AWC, i.e. at ‘wilting point’
incressed meen annud  padiure yidd over that of dryland
by 240% (4.24 t DM/ha). More frequent irrigation at

25% AWC resulted in au additiond annud yied of 1.8
t DM/ha (30%), whilst the most frequent watering
regime increesed production by only a further 045 t
DM/ha (5%). These relative responses between
imigation trestments are very smilar to those reported
by Hayman & McBride (1979) for the same irrigation
regimes on dony oils of smilar physicd characteridtics
in Canterbury. However, because dryland pasture
production is dgnificantly lower in the Mackenzie high
country than in lowland Canterbury, the increase in
yied per irigation was highest there. With irrigation at

0% AWC, the Glenbrook experimentreturned 1.06t
DM/ha per irrigation compared with 0.38 t DM/ha in
Canterbury. At 25% AWC the rdaive retuns for the
two siteswere 1.16 and 0.42 t DM/ha for Glenbrook
and Canterbury, respectively. Indeed, the dry matter
reonsss per irrigation a 25% AWC in the Mackenzie
ae higher than those reported for seven different soils
within established irrigation schemes in mid Canterbury
(Hayman & McBride (1979). Those soils varied from a
shdlow dony soil smilar to that a Glenbrook, to a
Oeep, donefree il with a waer-holding capacity in
excess of 180 mm.

Irrigationefficiencies

Of the threeirrigation treatments, irrigating at 25%
AWC provided the grestest increese in DM vyidd per
irrigation. Indeed, it is widely recognised that this
‘watering  regime is the mogt appropriate for generd
practice, and is widely employed within irrigation
ghemes. Irigating & a grester water deficit (eg a
0% AWC) reslts in incressed plant water sress and
lower DM vyidds, whereas irrigating more frequently
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results in inefficient use of water
through drainage losses (Cossens

Figure 3 Dryland soil water contents, rainfall, and irrigation numbers.

1982; Rickard et d. 1986). In the
Glen-brook gdudy, only the 0% AWC
treatment fully restored plant-

71 100% AWC
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efficiency achieved when irrigating
at 25% AWC was considerably
higher than many efficiencies
reported for border-gtrip irrigation of a range of Centrd
Otago soils (Cossens  1982).

Irrigation  efficiency is drongly influenced by design
paameters such as border length and water gpplication
rade, and dso by ol factors such as waer defict a
irrigation,  rooting  depth, and particulaly infiltration
rate and root zone hydraulic conductivity. Shdlow, stony
soils often exhibit rapid water transmission resulting in
large loses of water below the root zone under border-
drip sysems (Cossens 1982). In its native dtate, the
Mackenzie soil employed in the current dudy is highly
permesble  but, during border rip  preparation,  soil
compaction associated with the passage of heavy
machinery resulted in a Sgnificant incresse in soil dry
bulk density (from 1 .00 to 144 g/em?) and in a reduction
in the rate of water transmisson through the soil (from
2.2x105 t0 5.5x10 m/s). This efect of compaction no
doubt played a magor pat in achieving high water use
efficiencies rdaive to those reported for other irrigation
dudies. It was expected that, during the 6 years of the
experiment, the degree of soil compactness would
gradudly decreese as a result of improved root growth
and organic activity. In practice, however, this did not
occur as sructurd  development of this soil is dow after
initial improvement, even under irrigation. Conse-
quently, the efficiency of irrigation of such high country

soils is likely to remain high for a significant time
dter initid  development.

Conclusions

1. Irrigation can increase production of improved
ryegrass/clover pastures on shallow, stony
Mackenzie Basn <oils by approximately 35 times
(60 tha). When waered & 25% AWC over a 6.
year period, irrigated padure ataned a pesk growth
rate of 51 kg DM/ha/day and, relative todryland
padure, mantaned a high rate of growth throughout
the September to May growing season.

2. In the dry Mackenzie Basin environment, the
numbers of irrigations required to mantan soil water
contents above 0%, 25%, and 50% plant-available
waer capcity were, on average, very Smilar to
reported  requirements for compaable  soils  within
Central Otago and mid Canterbury irrigation
schemes.  Padture responses per irrigation, however,
were highest in the Mackenzie because dryland
production there is low.

3. Of the three irrigation freguencies tedted, irigating
at 25% AWC was the most efficient in terms of
additional dry matter production achieved per
irrigation. This regime required 4-7 irrigations




annudly. Less frequent irrigation resulted in lower
pedure yidds due to incressed water dress, while
more frequent waering resulted in a 55% dranage
loss of irrigation water below the root zone.

4. In irrigaing & 25% AWC, irrigation efficiency was
approximately 70%, with a drainage loss of
goproximately 30% of the water applied. For such a
permeable soil, this efficiency in a border-strip
sysem is high, and consderably better than most
reported for a range of Centrd Otago oils within
exiding irrigation schemes. It is probably due to the
pesgent effects of soil compaction during border-
drip formation with heavy machinery.
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