











































































































Block 1 Block2 Block 3
650 trees ha™ 650 trees ha™ 650 trees ha™
N w w N W U+W
U U+W U+w U N U
300 trees ha™ 300 trees ha™ 300 trees ha™
N W U U+W w N
U U+W | N w U+W U
200 trees ha™ 200 trees ha™ 200 trees ha™
A\ N N U+W U+W U
U+W U - U N N W

‘Open pasture

N U+W U N U+wW U
U W W U+W N W

Figure 3.4. Layout of sub-plots under three levels of tree shade and in adjacent
open pasture (N= Nil, U= Urine, W= Water and U+W= Urine plus
water).

Groups of four sub-plots were selected for pasture uniformity, lack of weeds and

strongness of urine patches for each of the five harvest periods. Grass in the sub-plot

areas was then trimmed to about 15 mm height above the ground level by hand (Plate

3.2). The size of sub-plots was 0.1m?>. These plots were marked by colour pegs for each

treatment.

Water was applied by hand (watering can) as required to meet the potential moisture
deficit. The amount of water applied in each treatment was calculated on the basis of 1
mm rain being equivalent to 1 litre of water on 1m? (10 mm /0.1m?) and is outlined in

Table 3.3.
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Plate 3.1. Three levels of tree shade: heavy, medium and light shade from left side
to right sunny zone in Plot 2A at the Lincoln University agroforestry
experiment illustrating the 18 %, 40% and 67 % PPFD environments.

Plate 3.2. Sub-plot (0.1 m?) pre-trim establishment in open pasture on 1st
November 1998.
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Table 3.3. The evapotranspiration, rainfall, potential moisture deficit, water
applied and number of irrigations during the five 30 day growing
periods from February 1998 to February 1999.

Pasture production Evapo- Rainfall Moisture Water Number
periods transpiration (mm) Deficit Applied of

(mm) (mm) (mm) irrigations
15 Feb-14 March 123 27 96 100 4
15 May-14 June 29 38 - 10 1
15 Aug-14 Sept 61 43 18 20 2
'1-30 November 112 18 94 100 4
21 Jan—20 Feb. 147 22 125 130 4
Total 472 148 333 360 15

Water was applied at one week intervals on the basis of potential moisture deficit of
the previous week. The potential moisture deficit of the last two days was not included
for the calculation of required amount of water because potential moisture deficit data
was not available for this perio'd. In June, there was no moisture deficit, but 10 mm
water was .'appli‘ed 0 céver moisture deficit of the first week of experiment
establishment in May 15, 1998 and the evapotransp‘iration during that period was 9.1
mm. The herbage was harvested 30 days after plot establishment. After the first
harvest, new positions were selected within each block for the next rotation rather than
repeated harvests on the same sites. Methods used for the measurement are described

in following section.
3.2.1.1 Dry matter production

The dry matter production of 30 days old cocksfoot herbage was determined from five
harvests. A quadrat measuring 0.1 m* was used and herbage was cut at 15 mm above
ground level and this dried for a period of 48-62 hours in a forced draft oven at 65°C.
Dry weight of herbage was recorded. Samples were bulked and stored for nutritive

value analysis.
3.2.1.2 Cocksfoot canopy height

The canopy height of 30 day regrowth cocksfoot tillers was determined before herbage

harvesting. A sward height stick and measuring scale (ruler) were used. While
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measuring tiller heights, the reproductive tillers were ignored. Height of ten randomly

selected tillers was taken in each sub-plot and the mean value recorded.

3.2.1.3 Grass density

The mean density of cocksfoot grass was determined by dividing the dry matter

production (mg/m?) by its height.

Dry matter production (mg/m?)

Mean pasture bulk density (mg DM/cm?) =
Pasture volume (cm®)

g DM/m? x 1000

(1 m? X 10,000 x pasture height (cm)
3.2.1.4 Vegetative tiller population

The vegetative tiller number was counted within 7-10 days after each herbage harvest.
A 0.025 m? quadrat was placed in the middle of 0.1 m? sub-plot and the tiller numbers

counted.
3.2.1.5 Reproductive tiller population

Reproductive tiller numbers of Wana cocksfoot, both in the understorey of radiata pine
and open pasture, were measured in November, 1998 by using a 0.1 m* quadrat on the

plots established for the fourth harvest of herbage.
3.2.1.6 Cocksfoot leaf populations, shape and size

The shape and size of cocksfoot leaves grown under both agroforestry and open pasture
were determined prior to the five harvests. The length and width of 10 first and second
leaves were measured and the mean value recorded. The width of leaves were
measured to the nearest mm at the mid-point of a leaf blade length. Leavés of 10 tillers

were also counted and the mean value recorded. Pseudostem length of cocksfoot tillers
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was estimated from by subtracting leaf blade length from tillers heights. The leaf blade
length was measured in March, June, September and November 1998 and February
1999 and tiller leaf populations and leaf width was measured in September and

November 1998, and February 1999.
3.2.1.7 Nutritive value

Organic matter digestibility, nitrogen and metabolisable energy were determined for
samples from each harvests. This work was undertaken by the Animal and Veterinary

Science Group, Lincoln University, Canterbury New Zealand.

3.2.2 Physical environments measurements

The main aim of this part of the study was to quantify the shade levels and their effects
on éolar radiation diStfibution, soil temperature and moisture in agroforestry plots.
These measurements were carried out in Plot 2A agroforestry and in Plot 27 open
pasture. The photosynthetic photon flux density (PPFD), soil temperature and moisture
were measured for one year starting from July and August 1998. Tree height and

diameter, and soil nutrients were measured only in February 1999.
3.2.2.1 Tree height and diameter

Tree height and crown length were measured by a hypsometer, while diameter at 1.4 m

height was measured with diameter tape.
3.2.2.2. Soil nutrients analysis

Soil samples from trial plots were analysed to determine the effect of trees and pastures
on soil nutrient availability. 12 to 24 soil cores to 75 mm depth were taken from the
trial areas depending on plot size. Cores in three levels of tree shade areas (Plot 2A)
were taken at random. Cores in other 6 plots were taken along the line transects used
for the seasonal measurement of pasture cover. The stock camps near the road in open

pasture (Plot 24 and 33) were not sampled. Soil samples were taken at 2 m intervals
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along the line transects and tested in the New Zealand Pastoral Agriculture Research

Institute Limited at Ruakura for pH, Ca, K, P, Mg, Na and S (Table 3.4).

Table 3.4. Soil nutrient levels of experimental sites.

Environments pH Ca K P Mg Na S
Plot 2A heavy shade 5.8 6 24 12 24 14 9
Plot 2A medium shade 59 7 18 14 28 10 5
Plot 2A light shade 5.8 6 16 18 23 13 6
Plot 2 agroforestry 5.7 6 22 16 19 10 6
Plot 10 agroforestry 5.8 8 19 16 27 13 6
Plot 13 agroforestry 5.8 8 27 20 22 12 9
Plot 24 open pasture 5.8 10 7 11 28 12 3
Plot 27 open pasture 6.0 8 23 15 27 11 4
Plot 33 open pasture 6.0 10 17 8 30 14 4

Table 3.4 shows fhat sulphur under trees appears greater than in open pasture.
Phosphorus is in satisfactory level in all plots except in Plot 33 open pasture.
Potassium is high in all:-pl>0ts except Plot 24 open pasture. Calcium and pH levels are
marginally higher in open pasture than under trees. Magnisium and sodium levels are

satisfactory in all plots.
3.2.2,3 Photosynthetic photon flux density

The ambient photosynthetic photon flux density of the three shade zones in Plot 2A
agroforestry and Plot 27 open pasture was measured using a Decagon linear quantum
sensor ceptometer (Plate 3.3). This work was carried out at one month intervals over a
year during clear sunny days. In May, June, July and August, the PPFD was recorded
from 9 am to 4:30 pm, in September and April from 8 am to 5 pm and in other months
from 8 am to 6 pm at one hour intervals. While measuring the PPFD, four readings
were taken from each block of a shade zone and the average value recorded. The daily
PPFD (moles/mzls) was calculated as the area under PPFD vs time of day (measured in

seconds) curve. Thus,

Daily PPFD = Mean PPFD (i moles/m?/s) x hours of daylight x 3600
1000,000
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3.2.2.4 Soil temperature

Soil temperatures of both agroforestry and open pasture under irrigation and
unirrigated environments were measured by using an electrical resistance meter. Wave
guide stainless steel wires were installed permanently at 100 mm soil depths in each
block of three shade levels under trees (Plate 3.4) and in open pasture. The soil
temperature was measured once a day at two week intervals. The first reading for the
month was taken between 11 to 11:30 am and the second between 3 to 3:30 pm. The
mean monthly values were calculated. Irrigation was applied on the basis of per week
potential moisture deficit measured in Broadfields meteorological station (Table 3.5) to

measure the effect of irrigation on soil temperature.

Table 3.5. Water applied to meet per week potential moisture deficit in irrigated
cocksfoot pasture where soil temperature and moisture was being
‘measured at 14 days intervals from August 1998 to July 1999.

Months Evapotranspiration  Rainfall Potential Water applied
(mm) (mm) moisture (mm)
deficit (mm)

August 43 46 0 20
September 95 19 76 70
October 118 57 61 37
November 116 20 96 96
December 142 24 118 118
January 129 14 114 114
February 133 38 95 120
March 107 56 52 85
April 60 36 24 20
May 70 23 47 45
June 29 69 - -
July 27 135 - 5
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Plate 3.3. Photosynthetic photon flux density being measured under 200 trees ha™
zone in August 1998.

Plate 3.4. Permanent plots (0.1 m®) for soil temperature and moisture
measurement in Plot 2A agroforestry. Black tubes indicate location

of permanent measurement sites in 18% and 40% PPFD
environments.
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3.2.2.5 Soil moisture

The volumetric water content in soil, expressed as a percentage of both agroforestry
and open pasture under irrigation and non-irrigated environments at 300 mm soil
depth, was measured by Time Domain Reflectometry (TDR). A model 6050X1 Trase
system was employed and gave a volumetric water content in the soil. Metal wave
guides, made up of stainless steel were permanently installed in each replicate (3 in
each zone) of agroforestry shade zones (Plate 3.4) and in open pasture to measure soil
moisture. The amount of water applied to irrigated plots is presented in Table 3.5. The
soil moisture was assessed at two week intervals 3-4 days after irrigation. The first
reading for the month was taken between 11 to 11:30 am and the second between 3 to

3:30 pm. The mean monthly values were calculated and presented.

3.2.3 Botanical composition measurement (% cover)

The cocksfoot plus clover pasture cover was measured in three replicates both in
agroforestry and open pasture. This was assessed using permanent line transects
(3 lines per plot) in April (autumn), July (winter), October (spring) and December
(summer) 1998. The aim was to describe the cover of nine-year-old cocksfoot plus
clover pastures grown under radiata pine (Plots 2, 10 and 13) and in open pasture
(Plots 24, 27 and 33) over four seasons. The components of pasture cover recorded
were cocksfoot, white clover, subterranean clover, weeds, dead material, including
pine needles, and bare ground. This study was carried out by visual estimation within
0.025 m* circular quadrats placed at 1 m intervals along the transect lines. The line
transects ran in a north-south direction under trees and east-west in open pasture. The
first sub-plot was established by leaving 1 meter in each boundary line of the main
plot. Tree lines were 28 m long with 26 points recorded for each of three row sub-plots

and open pasture line was 18 m long with 16 points of measurement.

3.2.4 Supplementary study

A supplementary investigation aimed to measure pasture production, nutritive value
and grazing preference of sheep in cocksfoot pasture of 32 and 52 days regrowth grown

as an understorey of radiata pine or in the open. This study was conducted in July,
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October and December, 1998. The experiment design was randomised split-plot design
with two plots in both agroforestry (Plot 2 and 2A) and open pasture (Plot 27 and 33).
In both agroforestry and open pasture, ten urine patches and corresponding adjacent
areas designated “non-urine patches” were selected randomly by using 0.025 m?
quadrat. Sward height was measured prior to all harvests by using a sward height stick
and measuring scale (ruler). Out of 10 urine and corresponding non-urine patches, five
patches in both urine and non-urine patches were harvested for the measurement of dry
weight and nutritive value before grazing started. The sward height of the remaining
five urine and five non-urine patches were measured daily during grazing for the

determination of grazing preference by sheep.

3.24.1 Dry matter production

Dry matter productivity of five urine and non-urine patches of 32 (July) and 52 days
regrbwth of Wana cocksfoot grown on understorey of radiata pine and open pasture

was determined as described in Section 3.2.1.1.
3.2.4.2 Cocksfoot canopy height

Height of cocksfoot sward in both urine and non-urine patches grown under radiata
pine and in open pasture was measured by using a sward height stick and ruler as

described in Section 3.2.1.2.
3.2.4.3 Analysis of nutritive value

Samples for dry matter measurement were used for analyses nutritive value. These
samples were ground and bulked urine and non-urine samples seperately.
Reproductive tillers and flowers were also ground with the sample to determine how
the reproductive tillers and flowers affect the nutritive value of cocksfoot. Chemical
analysis of organic matter digestibility, nitrogen and metabolisable énergy were
performed. This work was undertaken by the Animal and Veterinary Science Group,

Lincoln University, Canterbury, New Zealand.
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3.24.4 Grazing preference of sheep

The study of grazing preference by sheep on urine and non-urine patches was carried
out in 1998 (July for 4 days, October for 9 days and December for 8 days). The first
measurement from Plot 2A agroforestry and Plot 27 open pasture, while the second and
third grazing used Plots 2 and 2A agroforestry and Plots 27 and 33 open pasture. Sward
height was assessed prior to the introduction of sheep into pasture plots. The number
of sheep was calculated on the basis of pasture mass of each grazing plot. In the first
grazing five 11 month old ewe hoggets were allocated to Plot 27 open pasture and 11
sheep in Plot 2A agroforestry. In the second experiment, five 13 month old sheep were
grazed in Plot 27 and five grazed in Plot 33 in open pasture, while 16 sheep grazed
Plot 2 and 8 grazed Plot 2A agroforestry. The third grazing was carried out with 15
month old sheep, 8 sheep in opén pasture and 37 in agroforestry plots. The decline of
pasture heigﬁt was mevaéixre-'d daily using sward height stick and measuring scale (ruler)

at 4 to 5pm in July and 7 pm in October and December on each day.
3.3 Statistical analysis

Data from this study was analysed by using the linear model routines in Genstat 5 4.1,
Mean values of each treatment within and between harvests were used for the
comparison of productivity and nutritive value of Wana cocksfoot grown in
understorey of radiata pine and open pasture. Standard error of means (SEM) or
standard error of differences (SED) and least significant difference (LSD) values were
calculated to find out significant differences between means of different treatments,
shading levels and harvests. Similar statistical procedures were used to analyse data
collected from physical environment measurements, botanical composition assessment
of nine-year-old cocksfoot plus clover pasture and supplementary study on
pfoductivity, feeding value and grazing preference of sheep in 32 and 52 day regrowth
urine and non-urine patches grown on understorey of radiata pine and open pasture. In
the case of nutritive value, there was no replicate due to bulking of samples. Therefore,

higher-order interaction terms were used as an estimate of the residual mean squares.
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CHAPTER FOUR

RESULTS

4.1 Introduction

Section 4.2 describes the measurement of the physical environment of the experimental
site. Section 4.3 deals with the botanical composition of the nine-year old cocksfoot
plus clover pasture and Sections 4.4, 4.5 and 4.6 present data of the cocksfoot pasture
productivity, nutritive value and grazing preference of sheep, respectively. A summary
of the statistical analyses showing p-values of main effects and interactions is
presented in Appendix 4.1. The tables of means and least significant difference values

used to compose figures in this chapter are presented in Appendix 4.2.
4.2 Experimental site -

Data of tree height and diameter, solar radiation, soil temperatures and moisture levels
were used to quantify the four physical environments where cocksfoot dominant

pastures were assessed.
4.2.1 Tree populations

Tree height was not affected by the tree population nine years after planting (Table
4.1). However, tree diameter, measured at a tree height of 1.4 meters above ground,

was reduced (p <0.01) in the 650 trees ha compared with the 200 and 300 trees ha™.

Table 4.1. Tree height, diameter and crown length under different tree
populations in February 1999.

Measurements Zone 1 Zone2 Zone3 SED Isd at p <0.05
Trees/zone 19 7 14 -- -
Area (m?) 292 233 700 - -
Trees ha™! 650 300 200 — .
Tree height (m) 11.11 11.42 1143 0.500 1.390
Tree diameter (m) 0.19 0.24 0.25 0.012 0.033
Pruning height (m)  No pruning 591 6.12 0.390 1.678
Crown length (m) 10.41 5.51 5.31 0.280 0.777
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Crown length of the trees at 650 trees ha' was significantly higher than the crown
length of the trees at 300 and 200 trees ha™'. In this heavily shaded zone, the effect of
tree shade on light interception, soil temperatures and soil moisture content was large
compared with the other two agroforestry zones. Details of these differences are given

in Sections 4.2.2, 4.2.3 and 4.2 .4.
4.2.2 Photosynthetic photon flux density

There was a seasonal variation in solar radiation transmission under radiata pine trees
and in the open pasture and the interaction between months and tree shade was
significant (Figure 4.1). The lowest PPFD in open pasture was measured in July and

under trees in June, and the highest was in December in all shade levels.

80 — -
]—e— 650 trees ha
1—4— 300 trees ha-
60 | —0— 200 trees ha’
1—<¢— Open pasture
]

40

20 -

Meam PPFD (moles/m2/d)

Figure 4.1. Photosynthetic photon flux density (PPFD) under three levels of tree shade and in
the adjacent open pasture from July 1998 to June 1999 (Bars = Isd for interaction:
months x shade p <0.05).

The PPFD in all shade regimes rose from September, with a peak in December. Open
pasture in September intercepted 34.6 moles/m*d PPFD which was 9.6, 4.5 and 1.7
times higher than in 650, 300 and 200 trees hal. In December the PPFD was 4.0, 1.7
and 1.4 times more in open pasture (67.7 moles/m*/d) than in 650, 300 énd 200 trees
ha'l, respectively. After February, the ambient PPFD under 650, 300 and 200 trees ha!
and in open pasture declined to be 3.5, 5.0, 7.2 and 17.9 moles/m?/d respectively in

June. Table 4.2 shows the differences (p <0.001) in the mean daily ‘solar energy
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transmission caused by tree shade, giving four distinct light environments (18, 40, 67

and 100% of PPFD in open pasture.

Table 4.2. Mean daily photosynthetic photon flux density (PPFD) under four
shade levels from July 1998 to June 1999.

Research plots PPED (moles/m?/d) % compared with open pasture
650 trees ha™! 7.2 18

300 trees ha 16.2 40

200 trees ha™ 26.8 67

Open pasture 40.2 100

SED 1.44 -

1sd at p <0.05 4.58 -~

The daily PPFD transmission pattern in three levels of tree shade and in open pasture
for cocksfoot pastufes on 18th November is presented in Figure 4.2. Under 650 and
300 trees ha" the highest PPFD was. intercepted at 3 to 4 pm compared with between
12-2 pm for the open pe;étufe and the 200 trees ha™ zone. In addition, light transmission

in the 650 and 300 trees ha” environments was negligible until about mid-day.
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Figure 4.2. Photosynthetic photon flux density (PPFD) under three levels of tree shade
and in open pasture on 18th November 1998 from before sunrise (B) and after
sunset (A): Bars = Isd at p < 0.05.

The daily PPFD measured from July 1998 to June 1999 is presented in Appendix 4.3.
This shows the open pasture intercepted more than 1500 p moles/m?/s PPED from
October to February from 11 am to 3 or 4 pm. In contrast, the level was only exceeded

from December to February from 2 to 3 pm in the 200 and 300 trees ha'l. -
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4.2.3 Soil temperature

Season had the greatest effect on soil temperature at 100 mm soil depth in all light
regimes (Figure 4.3). For example, the highest soil temperature was measured in
January in unirrigated plots which was 16.6°C under 18% PPFD, 19.1°C under 40%
PPFD, 20.5°C under 67% PPFD and 21°C in open pasture. In contrast, the lowest soil
temperature was measured in August 1998. This was less than 5°C in all PPFD
pastures under both irrigated and unirrigated plots. The monthly mean soil temperature
under 18% and 40% PPFD was significantly lower from October to March than in

open pasture in both the irrigated and unirrigated plots.

25 25
] —e— 18%PPFD

—A—  40% PPFD
—o— 67%PPFD

—o— 100% PPFD

20
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Soil temperature ( °C)
Soil temperature ( °C)

Non-irrigated
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T T -
(o] J

Months Months

Figure 4.3. Mean soil temperature at 100 mm soil depth under four light regimes from August
1998 to July 1999 (Bars = Isd at <0.05).

Compared with open pastures, soil temperature in non-irrigated areas under 18%, 40%
and 67% PPFD was 5.1°C, 1.9°C and 0.9°C less in summer (December to February)
and 0.5°C, 0.4°C and 0.5°C higher in winter (June to August), respectively. The mean
soil temperature under irrigation was always less than the non-irrigated and a
significant difference was found (p <0.01) from November to February in both open

pasture (1.2°C less) and under moderate tree shade (0.8°C less).
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4.2.4 Soil moisture

Figure 4.4 shows the greatest effect of season (p <0.001) on soil moisture at 0-300 mm
soil depth under the four light regimes. The volumetric water content (VWC) under
18% PPFD was lower than in other light regimes from April to November in irrigated
and non-irrigated conditions. Also from December to February, VWC at 18% PPFD
was higher than in open pasture. Under 40% to 67% PPFD VWC was higher (0.8-
1.4%) in December and January, but lower (1.4°C) in March to May than in open

pasture.
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Figure 4.4. Soil moisture at 0-300 mm soil depth under four light regimes from August
1998 to July 1999 (Bars = Isd at p <0.05).

The highest VWC was recorded in June in all shade regimes and was 24.4% under
18% PPFD, 28.0% under 40% PPFD, 30.9% under both 67% and 100% PPFD. The
lowest VWC (<11.1%) was found in February in both irrigated and non-irrigated
conditions. Irrigation to meet current potential moisture deficits in summer (December
to February) under 40% to 67% PPFD increased the soil moisture by 1.3% and in open

pasture by 0.8% compared with non-irrigated plots.
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4.3 Botanical composition

The mean botanical composition (% cover) of open and agroforestry pastures over four
seasons was over 74% cocksfoot (Figure 4.5). The cocksfoot content, expressed as
percentage cover, was 9% more (p <0.001) in open pasture than in the main
agroforestry treatment (67% PPED). In contrast, the clover cover under trees and in
open pasture was less than 7%. The subterranean clover cover was higher (p <0. 05)
under trees compared with in full sunlight. Within a 1 m radius of trees both cocksfoot
- and clover cover on the north side was 7% and 2% less respectively compared with the

south side of the trees.
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Figure 4.5. Mean botanical composition and bare ground cover % over four seasons in cocksfoot
plus clover pasture under trees and in adjacent open pasture (Bars = Isd at p < 0.05).

Bare ground was 4% higher under trees compared with open pasture (6%). Both annual
and perennial weeds were recorded in the agroforestry plots and in open pasture. These
included Poa annua, Viola arvensis (field pansy), Rumex obtusifolius (dock),
Polygonum aviculare (wireweed), Achillea millefolium (yarrow) and Agropyron repens
(couch). Finally, the open pasture had 2% dead material cover compared with 5% dead

material under trees.
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4.3.1 Seasonal changes in pasture composition

All components of pasture cover varied with seasons both in agroforestry and open
pasture (Table 4.3). The combined white and subterranean clover content ranged from
2% in April to 11% in October and December under 67% PPFD (20% clover cover in
Plot 2 main agroforestry plot in October). Cocksfoot cover under 67% PPFD was about

74% in all seasons compared with 83% in open pasture.

Table 4.3. Seasonal changes in paéture composition in both agroforestry (AF)

and open pasture (OP).
Covers Areas April June  October December SED 1lsd at
(%) (%) (%) (%) p <0.05

Cocksfoot AF 73.7 76.3 73.1 74.2 1.19  2.59
_ OP 81.3 83.0 83.7 83.0 1.19  2.59
White clover ~ AF 1.0 2.0 4.0 4.7 029 0.63
: OP 2.0 3.0 5.3 5.0 029 0.63
Subterranean AF =~ 1.0 - 1.0 6.9 6.1 0.67 1.46
clover OP 1.0 1.0 1.6 1.7 0.67 146
Weeds AF 2.0 4.0 53 4.7 078 170
OP 3.7 6.7 4.7 4.0 078 1.70

Dead AF 7.7 5.0 2.7 3.3 062 135
material OP 2.3 1.0 1.0 2.3 0.62 1.35
Bare ground AF 14.6 11.7 8.0 7.0 1.09 237
OP 9.7 5.3 3.7 4.0 1.09 237

In April and June, the dead material content in the agroforestry pasture was higher
(p <0.05) due to the increase in pine needles and dead cocksfoot leaves compared with
October and December. Weed cover was higher in June in open pastures compared
with other months, but more bare ground in both agroforestry and open pasture was

noted in April.

4.4 Pasture production

There was an interaction between seasons, shade and treatments (* water and  urine)
for cocksfoot dry matter production (Figure 4.6). In February, March and June,
cocksfoot pasture production was not affected by light levels for the nil and urine
treatments. However, there was an increase in dry matter production when light levels

increased from 18% to 40% PPFD in the water and urine plus water treatments. There
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was no further increase from 40% to 100% PPFD. In contrast, the dry matter
production response to increased light was generally linear from 18% to 100% PPFD

in September and November.
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Figure 4.6. Mean dry matter yield of Wana cocksfoot pasture from five harvests under four light regimes
in four treatments (Bars = Isd for interaction: seasons x shade and treatments p <0.04).
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In all seasons, pastures receiving both urine and water produced the highest dry matter
yield (Plate 4.1) and the nil treatment the lowest yield. However, in March, February
and June the water only treatment out yielded the urine only treatment with the reverse
true in November at 40 to 100% PPFD. Thus, the highest yield (219 g DM/m?) was
achieved for spring pasture receiving urine plus water in the open and the lowest (9 g

DM/mz) from the nil treatment in March under 18% PPFD.

The mean pasture production rate in open pasture from five harvests in non-irrigated
urine and non-urine patches was 2.13 g DM/m?d which was 57%, 30% and 21%
higher than under 18%, 40% and 67% PPFD. Under irrigation, this was 347 g
D1\4/m2/d, which was 55%, 16% and 1% higher than in 18%, 40% and 67% PPFD
zones respectively. The differences were significant between open pasture, and under

18% and 40% PPFD zones.
4.4.1 Vegetative tiller population

There was an interaction between seasons, shade and treatments (+ water and * urine)
for vegetative tiller population in cocksfoot pastures (Figure 4.7). In all seasons, the
number of tillers increased with increasing light levels. However, for the nil treatment
in September and November the increase only occured between the 18% and 40%
PPFD light levels. The number of vegetative tillers produced was highest for the urine
only, water only, and combined urine plus water treatments in 100% PPFD pasture in
September or November. The maximum for the nil treatment was about 5000 tillers/m?
in open pasture in all seasons. The minimum number of vegetative tillers (3200
tillers/mz) was similar for all treatments under 18% PPFD in March, June and

February.
Finally, the mean vegetative tiller population of open pasture from five measurements

under four treatments was 5500 tillers/m?, which was 39%, 18% and 12% higher than
under 18%, 40% and 67% PPFD zones.
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Figure 4.7. Number of cocksfoot vegetative tillers per m? for five harvests under four light regimes in
four treatments (Bars = Isd for interactions: seasons x shade x treatments p < 0.001).
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4.4.2 Reproductive tiller population

Cocksfoot reproductive tiller populations measured after 30 days regrowth in
November showed an interaction (p <0.01) between shade and treatments (* water and
* urine). The number of reproductive tillers increased between 18% and 67% PPFD
and then plateaued to 100% PPFD in all treatments except the nil treatment where the

only increase occured between 67% and 100 PPFD (Figure 4.8).
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Figure 4.8. Reproductive tiller populations of Wana cocksfoot under four treatments (Bars = Isd
for interaction: shade x treatments p = 0.013).

The mean reproductive tiller population of open pasture from four treatments was 213
tillers/mz, which was 84%, 47% and 11% higher than under 18%, 40% and 67% PPFD

Zones.

4.4.3 Cocksfoot canopy height

The interaction between seasons, shade and treatments (* water and % urine) for
cocksfoot canopy height was significant (Figure 4.9). For most treatments, canopy
height increased between 18% and 40% PPFD, but declined from 67% to 100% PPFD
in all seasons. The response was most pronounced for November which also produced
the tallest canopy for all treatments. The exceptions were the nil and urine treatments
in February which had stable canopy height across all light levels. In each season, the
canopy height increased from the nil to the urine treatment and from the urine to the

water treatment and was highest in the urine plus water treatment. The exception was
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the open pasture where both urine only and water only treatments produced similar

canopy height.
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Cocksfoot canopy height form five measurements under four light regimes in four
treatments (Bars = Isd for interaction: seasons x shade x treatments p <0.01).

The cocksfoot tillers grown under moderate tree shade (40% to 67% PPFD) etiolated

more and produced a 91 mm mean canopy height. This was 21% and 20% taller than

under 18% PPFD and in open pasture (100% PPFD) respectively.
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4.4.4 Pasture bulk density

There was an interaction between seasons, tree shade and treatments (+ water and *
urine) for the cocksfoot pasture bulk density (Figure 4.10). In most seasons, the
cocksfoot pasture bulk density increased linearly with the increasing PPFD, to be at a
maximum in the open pasture. In March, June and September treatment effects were
minimal in all light levels except in open pasture in September. However, bulk density
in the February 1999 season was similar across all light levels for the nil and urine only
treatments. Pasture bulk density increased from 18% to 40% PPED in the water only
and water plus urine and was then stable for the water only treatment but continued to
increase to be highest in the open pasture supplied with urine plus water. Overall, the
highest pasture bulk density (1.61 mg DM/cm®) occurred in September for the urine
plus water plots in open pasture and the lowest was in November under 18% PPFD in

the treatment nil plots (0.38 mg DM/cm?).

The mean pasture bulk density of open pasture was 1.17 mg DM/cm®, which was 52%,

35% and 25% higher than under 18%, 40% and 67% PPFD.
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Figure 4.10. Cocksfoot pasture bulk density under four light regimes in four treatments from

five harvests (Bars = Isd for interaction: seasons x shade x treatments p <0.01).
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4.4.5 Leaf number per tiller

Season had the greatest effect (p <0.001) on leaf populations in cocksfoot tillers in all
light regimes (Figure 4.11). The lowest number of leaves/tiller was found in February
for each treatment. In most cases, pastures in the nil, urine and water treatments had
similar leaf populations across all four light regimes and the highest leaf numbers were
achieved in the urine plus water treatment under 67% PPFD in September. Light

intensity had little influence on leaf number except under 18% PPFD in September.
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Figure 4.11. Cocksfoot leaf populations under four light regimes in three measurements from
four treatments (Bars = Isd at p <0.05).

4.4.6 Leaf blade length

The interaction between seasons, shade and treatments (* water and * urine) for

cocksfoot leaf blade length was significant (Figure 4.12). Leaf blade length increased
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between 18% and 40% PPFD for most treatments, but declined from 67% to 100%

PPFD in all seasons. The response was most pronounced for November which also

produced the longest leaves for all treatments. The exceptions were the nil and urine

treatments in March and February which had stable leaf lengths across four light

regimes.
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Figure 4.12. Cocksfoot leaf blade lengths under four light regimes from five harvests in four treatments
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(Bars = Isd for interaction: seasons x shade x treatments p<0.01).
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In all seasons, the cocksfoot leaf blade lengths increased from the nil to the urine
treatment and from water to urine plus water to be highest in the urine plus water
treatment. The exception was the open pasture where both the urine only and the water

only treatments produced similar leaf lengths.
4.4.7 Leaf width

Figure 4.13 shows that the cocksfoot leaf widths increased (p <0.001) with increasing
PPFD in all treatments in September and November but in February it was stable from
40% to 100% PPFD. In addition, cocksfoot leaf widths in the nil and urine treatments

were similar in all months under all four light regimes.
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Flgure 4.13. Cocksfoot leaf width under four light regimes in three measurements from four
treatments (Bars = Isd at p <0.05).
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Pastures that received water and urine plus water produced wider (p <0.001) leaves in
all light levels except under 18% PPFD compared with the nil and urine treatments.
The open cocksfoot pasture in November under urine plus water had greatest leaf
width (6.49 mm) and the least (3.65 mm) was under 18% PPFD in the water only

treatment in the same November measurement.
4.4.8 Length of cocksfoot pseudostems

There was an interaction (p <0.01) between seasons, tree shade and treatments (X
water and * urine) for cocksfoot pseudostems (Figure 4.14). In June, September and
February pseudostem length was relatively constant across light levels. In contrast, the
pseudostem length increased from 18% to 40% PPFD in March to be lowest in open
pasture for each treatment. The opposite occured in November with an increase
between 67% and 100% PPFD. In March, the nil treatment produced the shortest
pseudostemsa and the Wétef plus urine treatment gave the lowest pseudostem in open

pasture than under trees.
The longest cocksfoot pseudostem (25.6 mm) was measured in November under full

sunlight with urine plus water treatment and the shortest (1.5 mm) in February under

40% PPFD in the nil treatment plots.
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Figure 4.14. Pseudostem length of cocksfoot for five harvests under four light regimes in four treatments
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4.5 Feeding value

The components of feeding value of cocksfoot pasture grown under four shade levels
were indicated by the pasture composition, pasture canopy height, pasture bulk density
~and the nutritive value of the cocksfoot herbage. Pasture composition, cocksfoot
canopy height and bulk density have been described in earlier sections. The nutritive

value of cocksfoot herbage grown under four light regimes is presented below.
4.5.1 Nitrogen content

Treatments (X water and * urine) had the greatest effect on nitrogen (N) content in
cocksfoot herbage (Figure 4.15). As expected the N% was higher in the urine and urine
plus water treatments than in the other two treatments. The nitrogen content in 30 day
regrowth copksfoot was similar 'across all light levels in each month, except June but
the mean value differéciﬁbe'tween months. The lowest mean nitrogen percentage in all
treatments occured in November at about 2.4% compared with about 3.9% in
September and 3.0% in March, June and February. The exception was the open pasture

in June which also averaged about 4.0% N.
Finally, the mean nitrogen content in the open cocksfoot herbage was 3.19%, whereas

the cocksfoot grown under 18%. 40% and 67% PPFD had 2.95%, 3.03% and 2.97% N,

respectively.
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Figure 4.15. Nitrogen content in cocksfoot herbage under four light regimes in four treatments from
five harvests (Bars = sem).

4.5.2 Digestible organic matter

The digestible organic matter content in 30 day regrowth cocksfoot herbage increased
(p <0.001) with increasing PPFD (Figure 4.16). For most treatments, the digestible
organic matter content increased between 18% and 67% PPFD in all mdnths, but was

almost stable from 67% to 100% PPFD in September and November. In June, there
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was a generally linear response where DOM% in cocksfoot dry matter increased with

light levels in all four treatments.
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Figure 4.16. Digestible organic matter (DOM) in cocksfoot under four light regimes from five
harvests in four treatments (Bars = sem).

The cocksfoot pastures receiving both urine and water gave the highest DOM and the

-nil treatment the lowest DOM in all seasons across the four light regimes. Thus, the
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highest DOM (78.5%) was achieved for the winter pasture (June) receiving urine plus
water in the open and the lowest (56.5%) from the nil treatment under 18% PPFD in
the same harvest. In June, the cocksfoot pasture under trees in non-urine areas was
more affected by the Rhynchosporium fungus. This appeared to have a direct effect on

the DOM content in shaded nitrogen deficient cocksfoot pastures.

- The mean DOM value for open cocksfoot herbage was 72.3% DOM, whereas this
under 18%, 40% and 67% PPFD was 64.2%, 66.8% and 70.2%, respectively.

4.5.3 Metabolisable energy

There was a great effect of PPFD on the metabolisable energy content (M/D value) in
30 day regrowth cocksfoot herbage (Figure 4.17). In most seasons, the M/D value
increased with increasing light levels although the magnitude of response was greater
in June thaﬂ ‘in other rrif)ntﬁs. Similarly, the response of PPFD was greater in March
than in September, November and February where the M/D value was about 10 MJ
ME for all treatments under 67% and 100% PPFD. In all seasons, the M/D value of the

nil treatment was lowest with small differences among the remaining treatments.

The open cocksfoot pasture receiving both urine and water had the highest M/D value
(11.65 MJ ME/kg DM) in the March and the lowest (7.81 MJ ME/kg DM) was in the
nil treatment plots under 18% PPFD in the June harvest. This was probably due to the
fungal disease present in the agroforestry plots. Finally, the mean M/D value of open
cocksfoot herbage was 10.67 MJ ME/kg DM, whereas under 18%, 40% and 67%
PPFD the M/D mean values were 9.23, 9.58 and 10.08 MJ ME/kg DM.
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Figure 4.17. Metabolisable energy (MJ ME/kg DM) in cocksfoot herbage under four light regimes

form five harvests in four treatments (Bars = sem).
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4.6 Supplementary study

During the sheep grazing experiment, dry matter yield, cocksfoot canopy height and
nutritive value of urine and non-urine patches of 32 day regrowth herbage in July, and
52 day regrowth in October and December under 200 trees ha™ (67% PPFD) and in

open pasture were measured. Results of these measurements are presented below.
4.6.1 Dry matter production

Table 4.4 shows higher (p <0.001) dry matter yield in urine patches under trees and in
open pasture compared with the non-urine areas. Tree shade significantly reduced the
dry matter yields in urine patches of 32 day regrowth cocksfoot herbage in July
compared with the dry matter yields of urine patches in open pasture, but in October
and December there was not any effect of tree shade on the dry matter yield of 52 day

regrowth cocksfoot herbage.

Table 4.4. Mean dry matter yield (g2 DM/m?) of urine and non-urine patches
during sheep grazing in July, October and December 1998 (Isd at

p <0.05).
Yield (g DM/m? Months Agroforestry Open pasture SED Isd
Urine Non-urine Urine Non-urine
DM yield July 90 54 98 55 241 590
DM yield Oct, 267 232 272 228 18.07 44.21
DM yield Dec. 372 310 395 324 20.69 50.61

Table 4.4 shows greater (p <0.001) dry matter yield of December harvest compared

with October and July harvests in both agroforestry and open pasture.

4.6.2 Cocksfoot canopy height

Table 4.5 shows higher (p <0.001) cocksfoot canopy height in urine patches compared
with in non-urine patches in October and December in both agroforestry and open

pasture. The canopy height of cocksfoot pasture under trees was also significantly

higher in October and December than in open pasture.
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Table 4.5. Mean cocksfoot canopy height (mm) of urine and non-urine patches
during sheep grazing in July, October and December 1998 (Isd at

p < 0.05).
Canopy height Months Agroforestry Open pasture SED Isd
Urine Non-urine Urine Non-urine
Height (mm) July 72 64 68 63 2.23 5.46
Height (mm) Oct. 271 189 195 168 9.20 2251
Height (mm) Dec. 302 278 278 252 7.06 17.27

Canopy height of the December harvest was greater (p <0.001) than in October and

July harvests in both agroforestry and open pasture.

4.6.3 Nutritive value of 52 day regrowth (20th October to 8th December)
cocksfoot herbage

Nutritive value of 52 day regrowth cocksfoot herbage in the reproductive growth stage
determined -during sheep grazing in December shows that 'sheep urine increased
(p <0.05) only the M/D value of shaded cocksfoot compared with the M/D value of

cocksfoot grown in the same environment in non-urine areas (Table 4.6).

Table 4.6. Digestible organic matter, nitrogen content and metabolisable energy
content in 52 days regrowth cocksfoot herbage in December grown
under radiata pine trees and in open pasture.

Environment  Nutritive value Non-urine  Urine SED Isdatp<0.05

Under trees DOM% 67.60 69.40  1.890 5.246
(67%PPFD) N% 1.56 205 0.189 0.525
M/D value 10.00 10.50  0.160 0.444
Open pasture DOM% 64.20 67.80  2.120 5.885
N% 1.42 1.59  0.190 0.527
M/D value 9.70 10.20  0.210 0.583

Table 4.6 shows that the nutritive value of cocksfoot grown under full sunlight during
the reproductive growth stage in December 1998 was reduced compared with under
trees, but these reductions were non-significant (p = 0.543 for DOM, p = 0.460 for N
and p = 0.310 for M/D value).
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4.6.4 Grazing preference of sheep

Results of July, October and December grazing experiments show that the palatability
of cocksfoot herbage was determined by the growing season and growth periods of
cocksfoot grass, tree shade, disease and nitrogen from sheep urine. The grazing
preferences of sheep on urine and non-urine patches of cocksfoot grown under radiata

pine shade and in open pasture are described below.
4.6.4.1 Sheep grazing on 32 day regrowth herbage

The July sheep grazing experiment conducted in 32 day old regrowth of Wana
cocksfoot herbage grown under 200 trees ha™ (67% PPFD) and in open pasture showed
no effects of tree shade on gfazing preferences of sheep because the cocksfoot canopy

height decline in both shaded and unshaded pasture was similar (Figure 4.18).
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Figure 4.18. Cocksfoot canopy height during sheep grazing from 23-27 July 1998 under radiata pine
trees (AF) and in open pasture (OP): Bars = Isd at p < 0.05.

Figure 4.18 shows that both the urine and non-urine patches were grazed equally by
sheep, but lower initial cocksfoot canopy height in non-urine patches had resulted
significant reduction in cocksfoot canopy height in non-urine patches at the end of four

day grazing trial compared with in urine patches in both shaded and unshaded pastures.
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4.6.4.2 Sheep grazing in 52 day regrowth herbage

The second grazing experiment conducted in October on 52 day regrowth of Wana
cocksfoot pastures grown under tree shade and in open pasture showed the effect of
tree shade and treatments (* urine) on cocksfoot canopy height decline during sheep
grazing (Figure 4.19). On the first day of grazing, the cocksfoot height in urine patches
under trees declined by 60 mm and in non-urine patches by 25 mm, whereas in open
pasture the decline was 51 and 22 mm respectively. On the second day, the decline was

38 and 31 mm under trees and 24 and 18 mm in open pasture.
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Figure 4.19. Cocksfoot canopy height during sheep grazing from 5-14 October 1998 under tree
shade (AF)and open pasture (OP): Bars = Isd at p < 0.05).

By the end of the nine day grazing period, the cocksfoot canopy height in non-urine
patches under trees was less (p <0.001) than in urine patches due to the initial
cocksfoot canopy height in non-urine patches which was also significantly lower than
in urine patches. In contrast, canopy height of urine patches in open pasture declined
more compared with non-urine patches due to the fungal disease (Plate 4.2) in non-

urine areas under full sunlight.
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Plate 4.1. Urine plus water treatment sub-plot in open pasture on 14th September
1998. The browning of leaf tips of cocksfoot grass showing fungal
infection (Rhynchosporium orthosporum).

Plate 4.2. Fungal disease (scald) caused by Rhynchosporium orthosporum on 25th
September 1998 in open pasture. Infection is much more severe on
grass without urine.




Figure 4.20 shows the grazing preferences of sheep on urine and non-urine patches of

52 day regrowth cocksfoot pasture in December under radiata pine trees and in open

pasture. Up to the third day of the grazing experiment, ewe hoggets grazed more urine

patches compared with non-urine areas especially in open pasture. After that the

canopy height of cocksfoot grown in non-urine areas started to decline more in both

shaded and unshaded pastures. By the end of the eight day grazing period, the

cocksfoot canopy height in non-urine patches under trees and in open pasture was less

(p <0.001) than in urine patches due to the initial cocksfoot canopy height in non-urine

patches which was also significantly less than in urine patches.
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Figure 4.20. Cocksfoot canopy height during sheep grazing from 8-15 December 1998 under
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tree shade (AF) and open pasture (OP): Bars = Isd at p < 0.05.

An interesting observation found in the October and December grazing experiments,

was the complete disappearance of clover herbage and green leaves grown in urine

patches within 2-3 days of sheep grazing (Plates 4.3 and 4.4).
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Plate 4.3. Clover cover under radiata pine trees in Plot 2 in first day of grazing
experiment in October 1998.

Plate 4.4. Clovers and green leaves of cocksfoot in urine patches disappeared after
three day of nine days grazing experiment in October 1998.




4.7 Summary

Radiata pine trees influenced light interception, soil temperatures and moisture content
in soil which in turn reduced pasture productivity and feeding value of cocksfoot under
18% and 40% PPFD compared with open pasture. All components of the feeding value
such as pasture production rate, tiller populations, pasture bulk density, DOM%, N%
and M/D value were reduced with decreasing ambient PPFD levels. Cocksfoot leaves
under 40 to 67% ambient PPFD were longer and narrower than in open pasture.
However, there was a small increase of clover cover and a decrease in reproductive

tillers under trees compared with in adjacent open pasture.
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CHAPTER FIVE

DISCUSSION

5.1 Introduction

The first part of this chapter discusses the effects of trees on understorey PPFD, soil
temperature and moisture levels, and their impact on the productivity and feeding value
of cocksfoot pasture. The second part refers to the grazing preference of sheep on urine

and non-urine patches of cocksfoot pasture grown under trees and in the open.
5.2 Tree density and their effects

The.diametgr, atld4m height, of unpruned radiata pine trees in 650 trees ha zone was
reduced by 21% and '24%'compared with trees in the 300 and 200 trees ha™ zones
respectively. The main cause for this has been competition between trees for moisture
(Goldberg, 1996), nutrients and space. This result suggests that competition in
silvopastoral systems for environmental factors occurred at both interspecific and
intraspecific levels. However, the severity of competition is usually determined by the

tree density and canopy length. This is discussed below.
5.2.1 Effects of trees on PPFD transmission

The PPFD under the 300 trees ha™' was 40% of that of open pasture. This may have
been partly due to the trees grown in the 650 trees ha” zone being on the north side of
the 300 trees ha™' zone. Before midday (12:00 pm), tree shade from the unpruned 650
trees ha” would have shaded the 300 trees ha™! zone (Plate 3.1). The PPFD level under
200 trees ha pruned to 6 m height was 67% of open pasture. Therefore, the
silvicultural operations adopted for the management of trees impacted on solar energy

transmission in this silvopastoral system.

Cossens (1984) and Percival et al. (1984a) reported the pasture production under

different radiata pine tree densities, but they did not mention the solar radiation levels
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under the different tree densities. On the other hand, Devkota et al. (1998) reported the
PPFD (17%, 27% and 77%) under alder trees that were measured on three occasions
(7 February, 19 March and 14 April 1997) on clear sunny days between 1200 to 1300
hours using a Licor Quantam Sensor. On the basis of present study, the PPFD
transmission pattern under trees is also affected by season and time of day in which
understorey pastures received solar energy. Figure 4.1 shows that the PPFD in winter
was reduced by 73%, 83%, 78% and 69% under 650, 300 and 200 trees ha! and in
open pasture respectively compared with the PPFD value in summer. This result
suggests that the season had a great effect on the transmission of solar energy to

understorey pastures.

The time of day in which understorey pastures received solar radiation changed the
level of the PPFD. For example, cocksfoot pasture under 300 trees ha™ in November
(Figure 4.2).received 78% less PPFD in the morning (8-9 am) and 16% more in the late
afternoon (6apm) than at nﬁdday (12:00 pm). Finally, the seasonal and daily variation
in availability of solar radiation also impécted on the understorey soil temperature and
moisture levels, which affected the growth and development of understorey cocksfoot

pastures.
5.2.3 Soil temperature

The trees in the agroforestry system ‘created microclimates that reduced soil
temperatures at 100 mm soil depth in summer, autumn and spring seasons, but
increased it in winter compared with open pasture (Figure 4.3). In the moderate shade
(40 to 67% PPFD) of 200-300 trees ha™, the soil temperature in summer was reduced
by 0.9-1.9°C compared with open pasture. This result is similar to that reported by
Percival et al. (1984b) who measured the reduction in soil temperature at 300 mm soil
depth on the Tikitere Forest Farming Research Area under 400 stems ha' site of
0.6-1.5°C in summer and autumn seasons compared with the open pasture.
Furthermore, Garnier and Roy (1988) reported a 1.6°C lower air temperature for
cocksfoot pasture grown under trees in the summer in France. The reduction of soil
temperature under trees in summer is attributed to tree shade reducing the interception

of solar radiation and creating a cool microclimate in summer,
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In winter, the soil temperature under trees was 0.5°C more than in open pasture.
Garnier and Roy (1988) also reported a 0.6°C higher air temperature under trees in
winter in France and attributed this to tree cover creating a warm environment and thus
reducing the intensity of frost damage to pasture plants. In September (early spring),
the soil temperature under 300 to 650 trees ha was 8.1°C which was 0.8°C less than in
open pasture. Korte et al. (1987) reported that when soil temperatures are between 5.5-
10°C during spring, each degree of soil temperature increase results in a 8 kg DM ha’
day’' increase in pasture production. Therefore, this temperature reduction under trees

may have reduced pasture production in the spring.

Soil temperatures measured after three to four days of irrigation show that the soil
temperature under irrigation was always less than in unirrigated plots, with greatest
reductions between November to February in all shade levels. In winter, 25 mm of
water was applied on irrigated plots, which reduced soil temperatures under trees and
open pasturé by 0.5°C and 0.4°C respectively. Rainfall or irrigation in cool seasons
may reduce pasture production because low temperature is the main limitation for

pasture production in winter in New Zealand (Barrs et al., 1990).
5.2.4 Soil moisture

Trees in silvopastoral systems also reduced the volumetric water content (VWC) of
soils in autumn, winter and spring, but increased the VWC in summer compared with
open pasture. The increase of soil moisture (0.8-1.4%) under moderate tree shade in
summer compared with open pasture is attributed to tree shelter reducing the
evapotranspiration from understorey pastures during hot and dry periods. However, the
VWC in autumn (0.3-2.6%) and spring (0.4-1.2%) under moderate shade (200-300
trees ha') was reduced compared with open pasture. The reductions in VWC under
trees may have resulted from the rain shadow effect of trees and the interception of
rainfall and transpiration of soil water by the tree canopies. Belsky (1994) reported that
usually roots of both trees and understorey pastures are located in the same soil
horizons, with the fine roots of trees extending into pasture areas and resulting in
increased absorption of soil moisture. Gautam (1998) found more fine roots of radiata

pine trees in the 100-300 mm soil depth at the Lincoln University agroforestry
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experiment compared with in 0-100 mm soil depth. This was attributed to the higher

soil moisture content in the 100-300 mm soil depth.

Figure 4.4 shows that soil moisture was lower for the cocksfoot pastures in summer
(December to February) and early autumn. During this four month period, 437 mm of
water was used in irrigated areas to meet the current potential moisture deficit, and soil
moisture was usually measured three to four days after irrigation. Irrigation during this
hot and dry period (Table 3.3) increased soil moisture by only 1.3% under 200-300
trees ha'! and 0.8% in open pasture compared with non-irrigated plots. This apparent
small increase in soil moisture due to irrigation had a great effect on cocksfoot pasture
growth and development in summer and early autumn compared with winter and early
spring. This was shown by the increased pasture production during this dry period
under 200 trees ha™ (81%) and in open pasture (79%) compared with non-irrigated

plots.

Figure 4.4 shows that irrigation to meet the current potential moisture deficit was not
effective in increasing the volumetric water content in soils. There are several possible

explanations for this.

e Irrigated VWC measurement sites were small (0.1 m?) and were irrigated using a
watering can. During irrigation, there was some runoff of water from the actual
plots. In addition, some of the irrigation water may have been lost through cracks

and macropores in the soil and run below the rooting zone of the plots.

e All pasture areas were hard and compact at all 24 permanent VWC measurement
sites. In addition, the soil moisture readings were taken from permanent plots
throughout the year. Sometimes, these small plots were irrigated during the sheep
grazing time as well. Therefore, the surface soil of these plots was hard and compact
due to the trampling effects of the sheep. In these plots more surface runoff and less

infiltration of water could have been occurred.

e The amount of water applied during dry summer months (December to February)

was about 30 mm at weekly intervals. During this period the evapotranspiration rate
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was about 32 mm per week. Therefore, some or most of the irrigation water may

have been lost by soil evaporation and some transpired by pasture plants.

e During this study period, soil moisture was measured after 3-4 days of irrigation.
During that 3-4 days, irrigation water may have been lost or may have been used by

pasture plants.

e The soil moisture was measured at 0-300 mm soil depth. All water from the limited
irrigation in sheep grazing pastures would not penetrate down to 300 mm due to
surface runoff and poor infiltration. Thus the VWC measurement was integrated

over a depth that was unlikely to have been fully wetted by the irrigation treatments.

¢ In the case of the shaded pastures, some of the irrigation water may have been

absorbed by the tree roots and lost by transpiration.

e In future, this kind of study should be carried out with trickle irrigation, where water
is applied at a much slower rate rather than by using a watering can. In addition,
plots should be bigger in size so that the runoff problem can be minimised.
Furthermore, irrigation at weekly intervals to meet the potential moisture deficit
appears to have been appropriate during summer months when the

evapotranspiration rate is high.

Finally it must also be noted that VWC measurement does not relate directly to the
four actual pasture productivity and feeding value measurement subplots (+ urine and

water) because:
e soil water was measured at 24 fixed positions (4 PPFD zone x  irrigation x 3
blocks) and therefore differed from the temporary sub plots where pasture

productivity and feeding values were measured.

e more water in total was applied to fixed VWC sites (730 mm in twelve month) than

to the temporary subplots (360 mm during five 30 day production periods in March,
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June, September and November 1998 and February 1999). The amount of water

applied to both studies was determined by the previous weeks’ evapotranspiration.

¢ hence during periods of low rainfall /high evapotranspiration sub-plots were often
irrigated at suboptimal rates. Pasture in these irrigation sub-plots would therefore be

likely to have responded by producing more dry matter than was measured.
3.3 Pasture production

Total pasture production under 650 trees ha™ was reduced by 55% in irrigated urine
and non-urine patches compared with irrigated areas of open pasture (Section 4.4).
This result shows that pasture production under heavy shade (18% PPFD) was mainly
reduced by tree shade rather than by soil moisture or nutrient stress. However, an
interesting result with rega_rd to -silvopastoralism was the relatively small reduction in
cocksfoot drS/ matter yiéld under 40% and 67% PPFD from pruned nine-year-old pine
trees between 300 and 200 trees ha™'. In this environment pasture production in non-
irrigated plots (nil and urine only treatments) was decreased by 30% and 21%, and in
water only and urine plus water treatments by 16% and only 1% compared with open
pasture. This result was consistent with Cossens (1984) who reported a 19% reduction
in dry matter production from mixed pasture under eight-year-old radiata pine with 200
trees ha! at a humid cool site in south Otago, New Zealand. The results of cocksfoot
pasture production under 200 and 300 trees ha™' show that the cocksfoot pastures under
these intermediate shade levels were more stressed by lack of water and nitrogen than
by tree shade. The moisture stress under trees was probably caused by the combination
of a rain shadow effect of trees (Gautam, 1998) and competition for soil moisture

between trees and pastures.

Figure 5.1 shows the effects of PPFD, soil temperature and moisture over four seasons
on cocksfoot dry matter yield. The indication is that pasture production in February and
March was limited by soil water stress because the field capacity of this experimental
site would be 28% volumetric water content. So the maximum available water content
would be about half of this (14%). From December to February the VWC was below

14% (Figure 4.4). Therefore, cocksfoot pasture under trees and in open was under
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moisture stress in summer season. However, there was some evidence that tree shade
helps to conserve soil moisture during summer and early autumn, because in these
harvests pasture production in moderate shade (40% to 67% PPFD) was 15% more
than in open pasture and there was 0.5% more soil moisture content under wide spaced

trees than in open pasture.
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Figure 5.1. Dry matter production, photosynthetic photon flux density (PPFD), soil temperature and
moisture in cocksfoot pasture over 30 days before harvest dates in unirrigated areas.

In winter (June), cocksfoot dry matter yield was greater than during drought conditions,
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but lower than in spring. The lower productivity of cocksfoot pasture in June in open
pasture was assumed to have been caused by low soil temperature (<6.4°C in open
pasture), and under trees from low soil temperature (<6.9°C under shade) and low
PPFD. Korte et al. (1987) reported that low levels of solar radiation does not appear to
limit plant growth in winter as low temperature is the major problem for pasture
production. However, trees reduced light intensity (Figure 4.1) greatly in winter

compared with in other seasons.

Fungal infection (Rhynchosporium orthosporum) on cocksfoot grown under trees was
also severe during early June and did not diminish until faster grass production rates in
spring. It was clear from field observations that faster growing cocksfoot in urine

patches had lower levels of Rhynchosporium infection (Plate 4.2).

In spring (September and November-harvests), soil temperatures and VWC were both
at satisfactofy levels fof-coéksfoot pasture production. It seems likely that the level of
light energy was the dominant factor that limited pasture production. During these two
harvests soil temperature and moisture under 200 trees ha’ (67% PPFD zone)
decreased by 0.3°C and 0.5% respectively, but cocksfoot dry matter yield was reduced
by 21% compared with open pasture. The main reason for the reduction of cocksfoot
pasture production under 200 trees ha” compared with open pasture in September was
probably lower PPFD (Figure 4.1). In November, the difference could be due to the
lower PPFD and reproductive tiller populations which was 11% less under trees than in
open pasture. Korte et al. (1987) also reported an increase in growth rates of grass
dominated pastures in mid and late spring which was attributed to their reproductive

development that increased dry matter production rates.

Table 5.1 shows the summary of the cocksfoot pasture production rate under four light
regimes from four treatments. These rates were 55%, 68%, 73% and 65% greater in the
urine plus water treatment than the nil plots for successive increments in light levels
from 18% to 100% PPFD. In constrast, there was only a 15% increase in cocksfoot
pasture production under full sunlight compared with moderate (40 to 67% PPFD)
shade treatments. These results show that soil moisture and nutrient (nitrogen) were

more important for cocksfoot pasture production under moderate tree shade than solar
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radiation in this sub-humid environment. The implication was that cocksfoot pasture
can be grown successfully in this agroforestry environment when it is not stressed for

water and nutrients.

Table 5.1. Dry matter production rate of Wana cocksfoot (g DM/m?/d) under four
light regimes from means of five harvests and the percent higher for
urine, water and urine plus water treatments than in nil treatment.

.PPED relative to open pasture

18% 40% 67% 100%
Treatments DM % DM % DM % DM %
Nil 0.76 - 1.15 - 1.14 - 1.56 -
Urine 1.04 27 1.81 36 2.22 47 2.69 42
Water 142 46 2.19 47 2.65 57 248 37

Urine + water 168 55 363 68 4.18 73 4.45 65

5.3.1 Irrigation and its effects on pasture production

During five 30 day production periods, 360 mm water was applied in * urine to
overcome the current potential moisture deficit. Irrigation in non-urine patches
increased cocksfoot dry matter yield by 46%, 47% and 57%, and 37% in five harvests
from 18% to 100% PPFD respectively compared with nil treatment pastures. The
increase in cocksfoot dry matter yield from irrigation was consistent with the result of
McBride (1994) who reported a 44% increase of pasture production on the Canterbury
plains by irrigation at 50% available moisture in the top 100 mm of soil. The greater
responses of shaded cocksfoot pasture to the addition of water suggests that tree shade

in sub-humid environments may improve the efficiency of limited irrigation.

The net increase of cocksfoot dry matter shown in Figure 5.2 was estimated by
substracting the dry matter yield of nil treatment from water only treatment, and urine
only treatment from urine plus water treatment. The net increase of cocksfoot dry
matter yield from irrigation which was greater in urine patches than in non-urine areas.
This result suggests that cocksfoot dominant pasture was deficient in both water and
nitrogen. However, the response of cocksfoot dry matter yield to irrigation under 18%
PPFD was small in all harvests because the heavy tree shade in this zone limited the

growth and development of cocksfoot rather than moisture or nutrients.
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In March and February harvests, irrigation in non-urine patches under 40% and 67%
PPFD, and in open pasture increased.cocksfoot dry matter yields by 70%, 81% and
79% respectively compared with the nil treatment plots. This result was consistent with
McBride (1994) and Rickard et al. (1986) who reported a 80% and 79% increase in
pasture production by ryegrass-white clover pasture at Winchmore on the Canterbury
plains with irrigation at 20% soil moisture content of the top 100 mm soil during

summer.
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Figure 5.2. The net increase of cocksfoot dry matter yield from irrigation under
four light regimes.

These figures show that the effect of irrigation on cocksfoot pasture production under
four light regimes was high in hot and dry periods and less in winter and spring.
Therefore, irrigation in sub-humid Canterbury plains under both shaded and unshaded
environment will be more useful for pasture production from mid summer to early

autumn (January to March).
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5.3.2 Sheep urine

The presence of darker urine patches in grazed pastures in all seasons indicates the
typical state of nitrogen stress in grass dominated pastures. Addiscott et al. (1991)
reported that more than 80% of nitrogen consumed by animals is returned to the soil in
the form of urine and dung. Figure 4.6 shows that sheep urine only (nitrogen)
stimulated cocksfoot pasture growth in spring in all light levels during this study period
with greatest responses under 67% PPFD and in open pasture. This stimulation
increased total dry matter production under moderate shade and full sunlight by 42%
compared with adjacent non-urine patches. This result was consistent with Marriott et
al. (1987) who reported a 39% increase in the production of perennial ryegrass, and
. with van Garderen (1997) who recorded 40% increase of cocksfoot dry matter yield in
urine patches compared with non-urine areas at the Lincoln University agroforestry

experiment.

Figure 4.6 illustrates the seasonal effects of urine on cocksfoot dry matter yield which
was very high in spring (September and November) compared with winter (June), late
summer (February) and early autumn (March). These results suggest that the
effectiveness of sheep urine to produce cocksfoot dry matter yield could be reduced by
several factors depending on the seasons. In the open pasture, production was reduced
low soil temperatures in June (<5.8°C) and low soil moisture in summer, while low
soil temperature (<6.3°C) and reduced PPFD level, and inadequate soil moisture in
summer (<11.5%) and early autumn (<15%) at times of high evapotranspiration

demand (>120 mm/month) reduced production in the agroforestry areas.

The study was conducted during a dry year with only 401 mm rainfall compared with
the 666 mm long-term mean. Therefore it was expected that the responses of water on
cocksfoot dry matter yield in urine patches would be large. The mean dry matter yield
of cocksfoot pasture under moderate tree shade and open pasture with urine plus water
was 48% and 40% more respectively than with sheep urine only. This result indicates
that when water was limiting, soil nitrogen (urine) alone did not bring dramatic

changes in pasture production in the sub-humid environment of the Canterbury plains.
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5.4 Vegetative tiller population

An effect of trees on understorey cocksfoot pasture was the reduction of the vegetative
tiller population (Figure 4.7). The reduction of cocksfoot tillers under heavy shade was
consistent with the result of Garnier and Roy (1988) who reported a 36% reduction of
cocksfoot tiller population in France under tree shade compared with open pasture.
However, they did not report the level of shade. Ludlow et al. (1974) reported that leaf
formation under low light intensity is reduced, which provides fewer leaf axils for tiller
development in C4 grass species. It seems likely that the same mechanism was

responsible for the reduction of tillers in the C3 cocksfoot.

During this study period, there was a distinct seasonal pattern in cocksfoot tiller
population with highest tiller numbers in spring and lowest in late summer and early
autumn. This result indicates that the high level of PPFD during summer and early
autumn which inCreaséd séil temperatures and reduced soil moisture content in soils
may have a direct effect on the vegetative tiller populations in cocksfoot pasture. The
addition of water and nitrogen in cocksfoot pasture increased the mean tiller
populations of cocksfoot pastures by only 10% under trees and by 12% in open pasture
compared with the nil plots during hot and dry periods. The main reasons for the small
increase of cocksfoot tiller populations under urine plus water could be the relatively
short study period (30 days) from application of water to the final counting of
cocksfoot tillers. The irrigation to meet potential moisture deficit may not have been
sufficient to stimulate additional growth and development of tillers in this pasture.
Finally, the open pasture under urine plus water treatment in November had 6820
tillers/m® which was at the lower end of the range (7,000-11,000 cocksfoot tillers/mz)
reported by Moloney (1993) for humid areas in the North Island of New Zealand. The
reduction of cocksfoot tiller populations at the Lincoln University agroforestry
experiment compared with the result of Moloney (1993) is attributed to the soil
moisture, nutrient stress and possibly less frequent grazing compared with pastures

observed by Moloney (1993).
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5.5 Reproductive tiller population

Solar radiation and soil temperature had a direct effect on the reproductive
development of 30 day regrowth cocksfoot pasture in November. The cocksfoot
pasture with 40% to 67% ambient PPFD had 29% less reproductive tillers compared
with open pasture. This may be due to reduced soluble carbohydrate under shade
(Wilson and Wong, 1982) or a change in the red to far-red ratio. Only 4% of total
tillers in open pasture and 67% PPFD were reproductive tillers. Under 18% and 40%

PPFD was only 1% and 2% of total tillers were reproductive.

Figure 4.8 showed that urine, water and urine plus water increased the reproductive
tiller population of cocksfoot in open pasture and under 67% PPFD compared with
under 18% and 40% PPFD. The decrease in reproductive tillers under shade may
partially improve animal pc_arformance in late spring and early summer compared with
open pasturé because ;ep'roductiVe tillers reduce the nutritive value of cocksfoot
herbage. However, the best way to reduce the problem of nutritive value reduction by
reproductive tillers is by grazing management. Korte et al. (1987) reported that grazing
can modify the time of flowering, with close and frequent grazing delaying stem

development and reducing reproductive tiller populations.
5.6 Cocksfoot leaves and their shape and size

A summary of cocksfoot leaf formation and development under four light regimes is
presented in Table 5.2. The reduction in leaf population under 40% PPFD was similar
to results from Garnier and Roy (1988) who reported an 8% reduction in cocksfoot leaf
number per tiller in spring (October) and early summer (December) under trees
compared with their open sward. However, there was no difference in leaf populations

between open pasture and 67% PPFED pasture in this current study.

The leaf blade length of open pasture was 24% less than the leaf length of cocksfoot
grown under 40% to 67% PPFD. This was attributed to the etiolation of cocksfoot
leaves under moderate shade. Anderson (1978) found that etiolation in cocksfoot was

due to cell elongation under shade. Under heavy tree shade (18% PPFD) cocksfoot
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pasture was affected by moisture and nutrient stresses. Therefore, leaf numbers, leaf
blade length, leaf-width and leaf surface area were all suppressed under this heavy tree

shade treatments compared with open pasture.

Table 5.2. Cocksfoot leaf dimensions under four light regimes from means of five
measurements and four treatments.

PPFD relative to open pasture

Cocksfoot leaves 18% 40% 67% 100%
Leaf blade length (mm) 61.7 81.2 79.7 61.0
Leaves/tiller 2.56 3.14 3.25 3.22
Leaf-width (mm) at mid leaf length 4.00 4.67 4.89 5.22
Leaf surface area (mm?) 247.0 379.0 390.0 318.0
Cocksfoot pseudostem length (mm) 10.1 11.6 10.3 12.2
Leaf/stem ratio on length basis 6:1 7:1 8:1 5:1

Table 5.2 shows that leaf/stem ratio decreased under full sunlight compared with
shaded pastures because cocksfoot grass in open pasture had shorter leaf blades and

slightly longer pseudostems.

The leaf number per tiller, leaf blade length and leaf width of cocksfoot were all
increased with the application of water, urine and urine plus water in all light regimes
(Figures 4.11, 4.12 and 4.13). These results illustrate the changes in morphology of the
cocksfoot dominant pastures in the Lincoln University agroforestry experiment caused
by water and nitrogen stress during the 1998-99 season. Of note from this response of
cocksfoot grass to the addition of water and nitrogen was the increase of pseudostem
length. The implication was that cocksfoot pasture under high soil nitrogen and water
produced longer pseudostems, which will have a tendency to reduce the feeding value

of cocksfoot herbage.
5.7 Feeding value
Reasons for the feeding value of heavily shaded cocksfoot pasture being reduced more

than under moderate shade (40% to 67% PPFD) and compared with open pasture are

discussed in this section.
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5.7.1 Botanical composition

The fact that there were no major differences in pasture cover between open and tree
shaded pasture demonstrates the tolerance of cocksfoot to dry and/or shaded
environments. The pasture cover categories which were increased under trees were
bare-ground and dead material due to the presence of pine needles. This increase in
bare-ground and dead material was probably related to the reduced productivity and

tiller number of the cocksfoot under the trees.

The cover of clovers in both shaded and unshaded pasture was low (<11% clover cover
even in October) due to the cocksfoot growth. Pollock et al. (1994) also reported that
after the third year of the Lincoln University agroforestry experiment clovers tended to
be dominated more by cocksfoot than by ryegrass. However, the most interesting result ‘)
found during this botanical composition ‘study was 4% more. clover cover in spring )«,
(October) ﬁhder 67% PPFD (Plate 4.3) compared with open pasture. This was )
attributed partially to subterranean clover which is moderately shade tolerant (Lodge,
1996 and Devkota et al. 1997) and had about 3% more cover than white clover under
trees, and partially to sulphur content (Table 3.4) in soil which was in satisfactory level
under trees than in open pasture. The small increase of clover cover under trees may
partially improve the feeding value of shaded pasture in spring and early summer

compared with open pasture.

Some weeds species appear to tolerate smothering from slash and litter more than sown
pasture species. However, the weed population under trees was low compared with
open pasture. Percival et al. (1984a) reported that the weed cover on humid warm
Tikitere pasture tended to be more in silvopastoral plots compared with open pasture.
Most of these weeds were associated with the slash and leaf litter that accumulates
from successive pruning and thinning, and leaf fall. In the Lincoln University
agroforestry experiment, pruning and thinning slash was removed, but the
accumulation of pine needles in mid autumn and early winter had increased dead
material cover by 3% compared with open pasture. In early winter and mid summer,

more dead cocksfoot leaf cover was found under trees compared with open pasture.
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This was attributed to the fungal disease in cocksfoot in early June 1998 and moisture

stress in January 1999.
5.7.2 Cocksfoot canopy height

Cocksfoot canopy under 40 to 67% PPFD etiolated by 20% compared with grass in full
sunlight. This result was similar to van Garderen (1997) who reported a 25% increase
in cocksfoot canopy height under radiata pine trees. Evans ef al. (1992) described grass
etiolation as a respoﬁse by grasses growing in shade attempting to gain better access to
available light. However, during the 1998-99 twelve month study period, cocksfoot
canopy height under 18% PPFD was only 1% more than in open pasture. This result
indicates that the cocksfoot under very low PPFD did not etiolate. This lack of
etiolation may have been caused by the low soil moisture level under 650 trees ha™
treatment. Figure 4.9 shows that cocksfoot height under four shade levels in February
1999 did not differ. Dufing that period moisture content in soil was less than 11.5% in
all light regimes. The cocksfoot canopy height with urine plus water treatment was
more than double that of the nil treatment cocksfoot pastures of all light regimes in all
months (Figure 4.9). This result shows the elongation of cocksfoot tillers was only

possible with adequate soil moisture and nutrients.
5.7.3 Pasture bulk density

The main effect of grass etiolation under moderate tree shade was the reduction of
pasture bulk density compared with open pasture. The mean pasture bulk density of
open cocksfoot pasture was 1.17 mg DM/cm®, whereas under 18%, 40% and 67%
PPFD this was 0.56, 0.75 and 0.88 mg DM/cm® respectively. This result was consistent
with Gong et al. (1996a) who reported 1.0 mg DM/cm® pasture bulk density of
cocksfoot pasture during vegetative growth and 0.72 mg DM/cm® during the
reproductive stage. The reduction of pasture bulk density under shade was attributed to
the decrease in dry matter yield and increase in cocksfoot canopy height under trees. A
similar result was also found by Percival et al. (1988) who reported reductions in

pasture bulk density under radiata pine trees compared with open pasture.
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Pasture bulk density reduction under trees could result in a smaller mean bite size
which would lead to reduced animal intake and growth rates (Percival ef al., 1988). In
contrast, more recent work by Gong et al. (1996b) showed that pasture bulk density
had little influence on the ingestive behaviour of sheep grazed in cocksfoot pasture
compared with sward height. The bite rate of sheep generally declined in cocksfoot
pasture in response to increasing height, but bite depth and bite volume of sheep were
- greater with increasing sward height (Gong et al., 1996b). Their results illustrated the
relationships between canopy height on bite rate, bite depth and bite volume as well as
dry matter intake by animals during grazing. However, at low bulk densities, bite size
may be more influential than canopy height. For example mean bulk density at 18%
PPFD was 0.56 mg DM/cm’ in the present study but the lowest value tested with sheep
by Gong et al. (1996a) was 0.72 mg DM/cm’.

5.7.4 Nutritive value

The nutritive value of 30 day regrowth Wana cocksfoot grown under four light regimes
at the Lincoln University agroforestry experiment shows that the DOM%, N% and
M/D value of shaded pasture were reduced compared with unshaded cocksfoot pasture
(Figures 4.15, 4.16 and 4.17). In June, this was mainly caused by dead material due to
Rhynchosporium fungus on cocksfoot plants. However, the nutritive value of 52 day
regrowth cocksfoot during the reproductive stage in early December was marginally
higher under trees compared with open pasture. Therefore, tree shade had a marginal
effect on the possible increases and decreases of nutritive value of cocksfoot. These

small differences are discussed below.
5.7.4.1 Nitrogen content

The nitrogen content under radiata pine trees was only reduced greatly in the June
harvest compared with open pasture (Figure 4.15). This may be partially attributed to
the greater incidence of fungal disease in cocksfoot grown under trees. In September
harvest, the N content under 67% PPFD pasture was 4.35% which was 0.24% higher
than in the open. This result was consistent with Van. Garderen (1997) who reported

0.40% greater nitrogen content under 60% shade in October compared with open
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pasture. In the November and February harvests, the mean nitrogen content in
cocksfoot herbage grown in both shaded and unshaded pastures was less than 3% N.
This was attributed to the rapid expansion of reproductive tillers in November and
_moisture stress in February. The addition of water and nitrogen to cocksfoot pasture
under four light regimes increased the N content in the grass dry matter by an average

of 0.62% in open pasture and 0.57% under 67% PPFD compared with nil treatment.
5.7.4.2 Organic matter digestibility

Compared with open pasture, the digestible organic matter content in 30 day regrowth
cocksfoot was reduced in most harvests under 18% and 40% PPFD (Figure 4.16). The
seasonal patterns in digestibility have been studied by Hunt (1971) who found
digestibility declined to a minimal level in February. He attributed this to warmer and
drier conditions, resulting in an increase in fibrous herbage. However, the greatest
reduction in .DOM under trécs during the 1998-99 study was found in the June harvest
compared with open pasture. This was attributed to both fungal disease to cocksfoot
plants under trees and reduced light intensity. In November harvest, the DOM content
was marginally greater under 67% PPFD compared with open pasture because

reproductive tillers under trees were decreased by 11%.

The overall decrease of DOM% under 67% PPFD in unirrigated plots * urine patches
was 2.5% of DOM units compared with open pasture. van Garderen (1997) also noted
a 1.9% reduction in DOM under radiata pine trees in October compared with open
pasture. Thompson and Poppi (1990) reported that the digestibility of pasture species is
influenced mainly by the chemical composition of the carbohydrate fraction of the
plant. This is because of the cell wall fraction such as cellulose and hemicellulose

should be higher under trees than in the open.
5.7.4.3 Metabolisable energy
The average energy (M/D value) levels of cocksfoot under trees was reduced by 5-14%

compared with open pasture (Figure 4.17). The main reason for the reduction was

probably fungal disease in the June harvest. The M/D value under 67% PPFD was

104



higher in the November harvest compared with open pasture. This was attributed to the
decrease of reproductive tillers under trees compared with open pasture. Cocksfoot
pasture grown in urine patches with or without water resulted in more metabolisable
energy under 67% and 40% PPFD and in open pasture compared with treatment nil
plots. It follows that grass dominant cocksfoot pastures in the sub-humid climate of
Canterbury, which are normally deficient in both water and nitrogen are likely to be of

low M/D value in summer.

Geenty and Rattray (1987) reported that the metabolisable energy requirement of ewe
hoggets aged 6-12 months weighing 25, 30, 35 and 40 kg liveweight was 10.0, 11.5,
13.0 and 14.0 MJ ME/d respectively for 50 g per head per day liveweight gain. The
metabolisable energy of 67% PPFD plot and open pasture was higher than 10.0 MJ ME
and below 11.0 MJ ME. Therefore, if young sheep of 25 kg liveweight eat 1 kg DM
per day there would be sufficient metabolisable energy to achieve this modest target

weight gain.
5.8 Grazing preference of sheep

Results of three grazing experiments suggest that the palatability of cocksfoot herbage
may be determined by season, growth periods, shade, disease and soil nitrogen (urine).
- In all grazing experiments, the canopy height of cocksfoot pasture before the start of
grazing was 6-14% more under trees than in open pasture. Similarly, urine patches had
8-16% more canopy length in both shaded and unshaded pastures compared with

adjacent non-urine patches.

In the first three days of the grazing experiments, the ewe hoggets grazed 12% more
urine patches in October and 18% in December compared with corresponding non-
urine areas in both shaded and unshaded pastures. This result was similar to van
Garderen (1997) who also reported a greater cocksfoot canopy height decline in urine
patch compared with non-urine patches in the second day of sheep grazing experiment
at the Lincoln University agroforestry experiment. Reasons for this could be the greater
height of cocksfoot grass and/or the greater crude protein/nitrogen content in urine

patches than in adjoining non-urine areas. Edwards et al. (1993) also found similar
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results and reported that sheep would preferentially graze urine patches either due to
the - greater canopy height, higher proportion of green leaves and or increased
nutritional value (N%). However, by day four of grazing in July, day nine in October
and day eight in December, the grazing preference of sheep shifted from urine patches
to non-urine areas because most of the green leaves in the urine patches had been
- removed and only pseudostems remained. More reduction of cocksfoot tillers height in
non-urine patches was also attributed to the initial cocksfoot canopy height which was
lower in non-urine patches compared with urine patches. In October, the canopy height
of urine patches in open pasture reduced at a faster rate compared with non-urine areas
possibly because the open cocksfoot pasture grown in non-urine areas was infected by
Rhynchosporium fungus which had reduced the palatability of cocksfoot herbage

grown in non-urine areas.

Plates 4.3 and 4.4 demonstrate the effect of clover species on grazing behaviour of
sheep because most of the clover herbage disappeared from the field within first two to
three days of grazing experiment in October. This demonstration of sheep having a

strong preference for clover was also reported by Edwards et al. (1993).

Sheep grazed 32 day regrowth cocksfoot herbage more closely compared with 52 day
regrowth in October and December. This may be the result of cocksfoot grass maturity.
Korte et al. (1987) reported that the palatability of grasses decreased with the increase
in plant maturity. The reproductive tillers may also affect the grazing pattern of sheep

in December when there were 11% more in open pasture compared with under trees.

Finally, more precise work would be required to compare * tree pasture preference by

testing + tree swards offered to caged sheep.
5.9 Supplementary study
5.9.1 Pasture production

Table 4.4 shows that there was not any difference in cocksfoot dry matter yield

between shaded and unshaded pastures in 52 day regrowth herbage in October and
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December. This is partially attributed to the fungal disease in October in open pasture
and more soil moisture content (1.4%) under 200 trees ha"' in December compared
with open pasture. In 32 day regrowth cocksfoot herbage in July dry matter yield in
urine patches was higher in open pasture compared with under trees. This is probably
due to the effect of higher PPFD in open pasture. The cocksfoot dry matter yield of
shaded and unshaded pastures in 52 day regrowth herbage was higher in December
than in October. This was attributed to the reproductive growth in cocksfoot in

December.
5.9.2 Cocksfoot canopy height

The cocksfoot canopy height in October and December was higher under trees
compared with open pasture. This is attributed to the etiolation of cocksfoot tillers

under 67% PPFD.
5.9.3 Nutritive value

The DOM%, N% and M/D values of 30 day old cocksfoot herbage were higher under
full sunlight (Figures 4.15, 4.16 and 4.17), while those in 52 day old herbage in
December were higher under radiata pine trees (Table 4.6). This result indicates that
pastures in silvopastoral systems with cocksfoot and radiata pine trees require
appropriate grazing management techniques for the improvement of the nutritive value
of grazing pastures. This would involve frequent grazing to keep grass leafy, improved
legume content by sowing subterranean clover and fertiliser to encourage legumes
(phosphorus, sulphur, lime etc). Korte et al. (1987) suggested that the first aim of
grazing management is to maintain pasture quality by avoiding extremes of pasture
mass for long periods, especially by over-grazing following drought, or allowing

accumulation of rank pasture during spring or summer.
5.10 Summary

Radiata pine trees in an agroforestry system created microclimates by reducing the

transmission of PPFD on understorey pasture that reduced soil temperatures at 100 mm
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soil depth in summer, autumn and spring, but increased it in winter compared with
open pasture. Likewise, the volumetric water content of soils at 0-300 mm soil depth
reduced in autumn, winter and spring seasons, but increased the VWC in summer

compared with open pasture.

Pasture production under moderate shade (40% to 67% PPFD) reduced compared with
open pasture but this reduction was minimal when pasture was not stressed for water
and nutrients (nitrogen). Cocksfoot plants under moderate shade were taller but leaf
width, tiller numbers and in particular pasture bulk density were all less than in open
pasture. Digestible organic matter, nitrogen content and metabolisable energy in
cocksfoot herbage under moderate shade were marginally reduced compared with open
pasture. The nutritive value of shaded pasture was only reduced greatly in the June
harvest. This may be partially attributed to the greater incidence of fungal disease in

cocksfoot grown under trees.
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CHAPTER SIX

GENERAL DISCUSSION AND CONCLUSION

6.1 Introduction

Section 6.2 deals with the environmental factors and their impact on pasture
productivity and feeding values. Section 6.3 describes the limitations of this research
project. Sections 6.4, 6.5 and 6.6 highlight silvopastoral system management practices,
future work for temperate, sub-humid agroforestry research and conclusion,

respectively.
6.2. Pasture production

Trees in silv.bpastloral. sj}stéms create microclimates which influence light interception,
water balance, soil temperature and soil properties, which in turn influence the growth
and development of understorey pasture compared with open pasture. Figure 6.1
illustrates the relationship between the total annual pasture production rate and

intercepted PPFD under different soil moisture and nutrient levels.

50
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40 4 —©— Water
] —O— Urine + water
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PPFD % relative to open pasture
Figure 6.1, Pasture production rate under four light regimes in four different
treatments from means of five harvests.
The reference line refers to the assumption that pasture production should be

proportional to light energy or PPFD at the levels of soil moisture, nutrients and
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temperature. The four curves show the actual dry matter production rate of cocksfoot
dominated pasture under the four light regimes at different water and nutrient levels

during five 30 day harvest periods during the 1998-99 experimental period.

Figure 6.1 strongly suggests that cocksfoot pasture under trees used intercepted PPFD
more efficiently and produced more dry matter in relation to the quantity of intercepted

PPFD compared with open cocksfoot pasture. The main reasons for this are:

e According to Faurie et al. (1996), the photosynthetic efficiency of plant leaves
appears to decrease continuously with increasing irradiance. Above the point of
saturation, further increments of solar radiation give no increase in the rate of net
photosynthesis. The additional input of solar radiation serves only to increase
transpiration, re-radiation and convection, and thermal stress. Sheehy and Peacock
(1975) reported that the canopy saturation point for cocksfoot is about 330 W/m? or
1518 p moles/m%s PPFD (1 W m*> = 4.6 p moles/m?/s). Between March and
September none of the PPFD levels of pasture grown under the four light regimes
exceed the canopy saturation point for cocksfoot (Appendix 4.3). However, the
saturation point for cocksfoot was exceeded from October to February between 11
am to 3 or 4 pm in open pasture, and under 40% and 67% PPFD during summer

months (December to February) from 2 to 3 pm.

e Hay and Walker (1989) reported that environmental stress such as hot and dry
summers limit the efficiency of intercepted PPFD for photosynthesis. During this
study period, there was only 401 mm rainfall and 1134 mm evapotranspiration,
which caused moisture stress for pasture production and would have reduced the

efficiency of cocksfoot conversion of PPFD into dry matter.

e Duru et al. (1995) reported that the radiation use efficiency of cocksfoot and tall
fescue decreased with the reduction in soil nitrogen. The presence of darker urine
patches and production responses in all seasons showed the nitrogen deficiency in
the cocksfoot dominant pastures. Grass nitrogen content under moderate shade
(40% to 67% PPFD) was similar to open pasture (Figure 4.15) and there was no

consistent pattern between seasons in nitrogen content in cocksfoot herbage. The
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pasture production data (Table 5.1) clearly show that increased nitrogen availability,
especially with irrigation would give large increases in pasture production at all

levels of PPFD.

Hay and Walker (1989) stated that photosynthesis in temperate climates can be
limited by low temperatures in winter and by water deficits in summer. During the
1998-99 study periods, soil temperature under trees in winter was 0.5°C higher than
in open pasture, but pasture production between open pasture and under trees did
not differ perhaps partly due to the fungal disease under trees. On the other hand,
volumetric water content in soil in summer under moderate shade was 0.8% more
than in open pasture. This possibly increased the cocksfoot dry matter yield under
40% to 67% PPFD by 16% in February 1999 harvest in the nil treatment plots

compared with similar plots in open pasture.

During this study peﬁod, the leaf area index (LAI) of cocksfoot pasture grown under
four light regimes was not measured, but the surface area of individual cocksfoot
leaves grown under four shade levels was determined. The area of individual leaves
was 14% more under 40 to 67% PPFD than in cocksfoot leaves grown without
shade. This may have some influence on the photosynthetic activities in the grass.
However, the reduced (15%) tiller number in moderate shade probably countered

the increase in individual leaf areas.

This discussion shows that environmental factors such as solar energy, temperature,

water and nutrients are equally important for the growth of understorey pastures.

Therefore, the possible effects of these factors on pasture production are discussed.

6.2.1 Tree shade

Tree shade disturbs the distribution of solar energy, and reduces wind run and

consequently the evapotranspiration rate. During the 1998-99 study period, the ambient

PPFD measured above the pasture canopy was 18% of full sunlight under 650 trees

ha!, 40% at 300 trees ha” and 67% at 200 trees ha™'. The components of pasture

productivity and feeding value, such as pasture composition, tiller populations, leaf
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number, leaf length and width, and pasture production were all reduced with the
decreasing ambient PPFD, and cocksfoot canopy height under 40 to 67% PPFD was
increased by 20% compared with open pasture. Anderson (1978) found etiolation in
cocksfoot was due to cell expansion under shaded environment. Similatly, Casal e? al.

(1985) noted etiolation in cocksfoot and attributed this to low red/far-red ratio.

The changes in the morphology of shaded pasture resulted in reduced pasture bulk
density under moderate shade (46%-67% PPFD) by 30% which may reduce pasture
intake through smaller bite size. This possible adverse effect on intake, together with
reductions in the nutritive value under moderate shade, would result in a reduced per
head animal performance. However, the small (4%) increase in clover content and the
decrease (29%) in reproductive tillers under moderate shade may partially improve

animal performance in spring and early summer.

In late surﬁmer ‘and é;arl.'y autumn (February and March), tree shade created an
improved environment for pasture production. During this period, dry matter yield
under moderate shade was increased by 15% compared with open pasture. This result
shows tree shade may enhance pasture production in the Canterbury plains during hot

and dry periods.
6.2.2 Temperature

The main function of temperature is to enhance the photosynthesis process, respiration,
reproduction and phenological development in pasture plants. During this study period,
tree shade in summer reduced soil temperature by 0.9-1.9°C under 40% to 67% PPFD
and in winter increased temperature by 0.5°C compared with open pasture. In addition,
the air temperature in winter was also higher than previous five years (Table 3.2). The
increase of temperature in winter usually reduces the frost damage to pasture plants and
the reduction of summer temperature minimises the evapotranspiration rate. The
increase of pasture production under 67% PPFD during winter, summer and early
autumn could be the result of those factors. However, the reduction of soil temperature
(1-2.9°C) under 300 to 650 trees ha™ in spring due to tree shade may have resulted in

the significant descrease in pasture production under 18% to 40% PPFD compared
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with open pasture. It follows that in an agroforestry system the combination of low

light and low soil temperature affect winter and spring pasture growth.

6.2.3 Soil moisture

Pastures in this sub-humid climate are usually water deficient in summer. During the
1998/99 the site received 401 mm rainfall compared with the rainfall for the last four
years which was at least 530 mm. In addition, the evapotranspiration rate (1134 mm)
and potential moisture deficit (733 mm) were much higher than previous years (Section
3.1.3). Therefore, severe moisture deficits occured during the study period. However,
moderate tree shade in summer increased the soil moisture content by 0.8% compared
with open pasture. This may have contributed to improved pasture production under
moderate shade by 15% compared with in the open. In autumn, winter and spring, soil
moisture content under 18% and 40% PPFD was reduced, probably due to root
competition.' and the rain shadow effect of trees which directly affected pasture
production (Figure 4.6). During this study period, about 360 mm water was applied to
investigate the effect of irrigation on pasture production. Under 40% to 67% PPFD,
irrigation improved pasture production in non-urine patches by 54% with a high
response in summer and early autumn compared with non-irrigated plots. The effect of
this limited irrigation on pasture production was less in open pasture (Table 5.1)
compared with under trees. On the basis of this study, irrigation between November to
April, especially January to March would be the best practice for pasture production in

the Canterbury plains.
6.2.4 Soil nutrients

The presence of darker urine patches in grazed pastures in all seasons indicates the
typical state of nitrogen stress in grass dominated pastures. The nitrogen requirement of
this study site is mostly supplied by sheep urine and some from clovers. Animal
depositions such as urine and dung provide nitrogen, phosphorus, potassium, sulphur,
magnesium and calcium to the soil and pasture. Urine from animals grazing pastures
promote highly nutritious patchy growth of pasture grass species. Pastures growing in

areas of sheep urine deposition had increased DOM (3%), N (0.3-0.6%) and M/D value
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(0.4-0.6 MJ ME/kg DM) under moderate shade and in open pasture compared with

non-urine areas.

van Garderen (1997) found 40% more cocksfoot dry matter yield in urine patches
compared with adjacent non-urine patches. During this later study period, sheep urine
under full sunlight and moderate shade increased cocksfoot dry matter yield by 42%.
However, the area covered by urine patches was 8% in open pasture and 5% under
trees and the effect of urine patches on total production and pasture feeding value is
therefore small. Figure 4.6 showed that the addition of water in urine patches gave a
further response of 40% more pasture yield under full sunlight and 48% under

moderate shade compared with urine only patches.

Marriott et al. (1987) reported a disadvantage of animal urine was the reduction of
white clover content in ryegrass-white clover pasture by 55% compared with non-urine
areas. Parsoﬁs et al. (1591') also recorded a 20% reduction of clover content in urine
patches. This was attributed to the vigorous growth of grasses in urine patches. Table
3.4 shows that open cocksfoot pasture had low level of sulphur and phosphorus
compared with in agroforestry plots. This would have further reduce the
competitiveness of clovers in open cocksfoot-clover swards. The application of
phosphorus and sulphur fertiliser may improve clover vigour and hence pasture
production in open cocksfoot pasture and under radiata pine trees. Nitrogen fertiliser

would certainly increase grass production.
6.2.5 Reproductive growth

High solar radiation and temperature in November in 30 day regrowth cocksfoot
pasture under full sunlight gave 29% more reproductive tillers compared with under
moderate shade (40 to 67% PPFD). During this period, dry matter yields of open
pasture was 30% more than under moderate shade. de Montard et al. (1999) also found
a 45% increase in cocksfoot pasture production in France in the reproductive stage than
in the vegetative stage. This result suggests that the increase of pasture production

under full sunlight in November could be an effect of reproductive development.
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6.2.6 Fungal disease

All cocksfoot pastures were affected by fungal disease during period of cool
temperatures and hence slowed production rate. Under trees in early June and in
October in open pasture cocksfoot was badly affected by the fungus (Rhynchosporium
orthosporum). This infection was low in urine patches compared with non-urine
patches. The disease reduced productivity and nutritive values of cocksfoot herbage in

June under trees.
6.3 Experimental design

The experiment design was a randomised split-plot design with three levels of shade
under trees as main plots and * water applied to cocksfoot cv Grasslands Wana pasture
areas with or without sheep urine patches as sub-plots in each of three blocks. In
adjacent opén cocksf(;bt pasture of the same age, four sub-plots were randomly
assigned to each of the three blocks. This design was the most practical design for
studying the light treatments. However, there were some problems relating to data

collection and explanation of collected data.

e The selection of new urine patches for each of the five 30 day harvest periods was a
problem after grazing the pasture because two or three weeks passed before new
patches could be identified. Therefore, pasture productivity and feeding value could
not be measured continuously or at regular intervals to obtain full season data for
pasture production and nutritive value. Hence the five harvest periods are windows

into important segments of each season, but do not provide a complete picture.

The main plots under trees (eg 292 m?® under 650 trees ha™), and subplots (0.1 m?)
both under trees and in open pasture were small in size giving limited scope for
observation of the overall effects of trees on pasture and animal production.
However, care was taken to avoid bias in sub-plot selection. The sub-plots were
selected for pasture uniformity, lack of weeds and strongness of urine patches. In
addition, new positions were chosen for each 30 day production period rather than

repeated harvests on the same sites.

115



e The shading effects of trees on understorey cocksfoot pasture productivity and
feeding value was carried out in Plot 2A agroforestry and in adjacent Plot 27 open
pasture. Soils of both agroforestry and open pasture were assumed to be similar and
no fertiliser or lime has been applied since 1989. The entire area was cropped with
peas before plantation and pasture establishment in 1990. Currently, both
agroforestry and open pasture have nine-year-old cocksfoot pasture. In open pasture,
four sub-plots were randomly assigned to each of three blocks as in the three levels
of tree shade (Figure 3.4), but these plots could not be randomised with and without
trees. The main aim of this study was to compare the productivity and feeding of
cocksfoot pasture grown under full sunlight and three levels of tree shade. The
variations found between open pasture and under trees were the accumulated effects

of radiata pine trees over the nine-year period.

¢ In the original proposal for this study it was also proposed to measure the effects of
+ shade; + urine ;md + water on alkaloid levels (lolitrem B, ergovaline and
peramine) in endophyte infected ryegrass in autumn. The ryegrass content in the
ryegrass pasture treatments at the Lincoln University agroforestry experiment was
depleted. Therefore, this study could not carried out. However, the PPFD, soil
temperature and moisture levels of cocksfoot pasture grown under four shade
regimes were carried out in detail. These physical measurements were conducted for
a full 12 months period. This was started five month after the main experiment for
pasture productivity and nutritive value measurement. This delay was because of
time constraints and instrument problems. However, the data collected from these
physical measurements can be related to cocksfoot pasture productivity and feeding

value.
6.4 Silvopastoral system management practice

The silvopastoral system in New Zealand is a widely accépted land use option. This
system is practiced for shelterbelts for sustainable agriculture, soil and water
conservation, and land stabilisation (Wilkinson, 1997), improvement of the aesthetic
value of landscape (Mead, 1995a), flexibility for livestock management (Percival et al.,

1984c), diversification of farm income, and national forest protection by reducing
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timber pressure. Because of these benefits of the silvopastoral system, every year about
80,000 hectares of farm and other lands is planted with trees (Hawke, 1997). Among
them, radiata pine occupies about 90% area. Hawke in his 1997 review stated that
pasture production under radiata pine trees at Tikitere is greatly reduced compared with
open pasture. However, the results of this study show that pasture production under 40
to 67% PPFD was reduced by 26% in non-irrigated plots and only 9% under irrigation
compared with in open pasture. Most of these reductions were recorded in the
November harvest. The increase of pasture yields under full sunlight in November is
attributed to reproductive growth which was 29% higher in open pasture than under
moderate shade. Cossens (1984) and Percival et al. (1984a) reported the reduction of
white clover under trees which can have great impacts on both the nutrient status of
soils and the diet ‘for grazing animals. Therefore, farmers and forestry companies
should adopt the following management practices for profitable use of silvopastoral

systems with appropriate grass and legume combinations under trees.
6.4.1 Pasture management

This includes discussion of the selection of shade tolerant pasture species, irrigation,

fertilisation and grazing management.
6.4.1.1 Selection of species

According to Cossens (1984) Percival et al., (1984a), the use of radiata pine in
association with ryegrass-white clover is a common practice in New Zealand.
However, the performance of these two species under radiata pine shade has been
demonstrated to be unsatisfactory. Ryegrass was the least persistent grass in the
Lincoln University agroforestry experiment. Percival et al. (1984a) and Cossens (1984)
reported that the white clover production under radiata pine was greatly reduced in
their experiment at Tikitere, Warataha and Invermay. On the other hand, Devkota et al.
(1998) stated that tree shade affected perennial ryegrass more than cocksfoot cultivars,
especially at the low PPFD. Seo et al. (1989) also showed that cocksfoot is a shade
tolerant grass and persisted well under pine trees in South Korea. Devkotg et al. (1997)

found that cocksfoot, Yorkshire fog (Holcus lanatus L.) and lotus (Lotus uliginosus
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Schkuhr) were the most shade tolerant pasture species. They tested 10 different species
at Massey University, Palmerston North. Lodge (1996) reported subterranean clover as
being shade tolerant. Devkota et al. (1997) found subterranean clover as a moderately
shade tolerant species. This study on the shading effect of nine-year-old radiata pine
trees on productivity and feeding values of nine year-old cocksfoot pasture confirmed
that subterranean clover did better than white clover with cocksfoot grass under radiata
pine trees. Therefore, further research on subterranean clover and cocksfoot in
association with radiata pine trees should be continued and extended to appropriate

New Zealand farms.
6.4.1.2 Irrigation

During the 1998-99 twelve month study periods, irrigation under moderate shade of
200 to 300 treés ha' to meet current potential moisture deficit improved the annual
pasture yieid by about 54% with greatest response in summer and early autumn.
McBride (1994) also reported that irrigation in Canterbury increased pasture yield by
up to 80% with the highest response in summer. Thomson (1994) noted that
Canterbury and North Otago are well suited to irrigation because there are large rivers
with relatively high summer flows, large areas of plains with well drained soils and
high moisture deficits for pasture production in summer and early to mid autumn. The
study on the shading effects of trees on understorey cocksfoot pasture shows that
irrigation during summer and early autumn is extremely important in the Canterbury
plains for the improvement of pasture production and nutritive value. During this
study, irrigation increased DOM and N by 1.6% and 0.3% under full sunlight
compared with non-itrigated non-urine patches. The amount and frequency of
irrigation should be confirmed by other research because irrigation to meet potential
moisture deficit during this study period was inadequate to achieve maximum pasture

production.
6.4.1.3 Fertilisation

The presence of darker urine patches in all seasons, the reduction of clover

composition in cocksfoot dominant pasture and the increment of cocksfoot dry matter
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yield in irrigated sheep urine patches indicate the need for fertiliser to improve pasture
production. Table 5.1 shows that nitrogenous fertiliser with irrigation could be used to
improve pasture production by up to 71% under moderate shade and 65% in open
pasture. In places where irrigation is not avalable farmers can use nitrogenous fertiliser
in March-April (autumn) when rainfall starts. This would be least harmful to clovers
and would encourage nutritious grass production for winter feed. This nitrogen boosted
cocksfoot would be especially valuable for agroforestry stock havens during southerly

storms and specially for ewes after pre-lamb shearing.

Phosphorus and sulphur will play a vital role for growth and development of both grass
and clover species. Barker et al. (1999) reported that the application of superphosphate
(40 kg P/ha) on hill country Wana cocksfoot pasture increased bull beef returns from

NZ$ 397.84/ha to $ 715.20/ha.
6.4.1.4 Grézing' manﬁgement

Korte et al. (1987) reported that grazing management must be focused to maintain
pasture quality by avoiding extremes of pasture mass for long periods, especially over
grazing following drought or allowing accumulation of rank pasture during spring and
summer. On the other hand, the legume content in pastures improves pasture quality
and animal performance, and soil nitrogen. Therefore, pasture management must also
focus on the maintenance of high legume content. Due to the shading effects of trees,
selective grazing behaviour of sheep, aggressive growth of Wana cocksfoot and the
effect of urine, clover content at Lincoln University agroforestry experiment was

depleted.

The nutritive value of mature cocksfoot herbage in December under full sunlight
(Table 4.6) in non-urine patches was reduced compared with the 30 day regrowth
herbage in November (Figures 4.15, 4.16 and 4.17). Langer (1990) reported that
cocksfoot tends to become rather coarse and highly tufted under light grazing systems.
The coarse and highly tufted herbage is not greatly acceptable to grazing animals.
Therefore, animal grazing should be frequent to maintain the sward in a vegetative

state.
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6.4.2 Tree management

Silvicultural operations such as pruning and thinning should be aimed for tree shade
reduction and clear wood production so that maximum profitability may be obtained
from the silvopastoral production systems. Table 6.1 describes the silvicultural regime
for clear wood production so that understorey growth and development is also
improved. These operations are recommended for the establishment and management

of new agroforestry plots, and improvement of existing stands.

Table 6.1. Pruning and thinning operations for radiata pine trees (MOF and
NZFRI, 1996).

Age (yrs)  Average (ht) DOS (cm)  Operations

0 0 -0 plant 500-1000 trees ha™
4-6 6-7m 15-20 ~ prune 300-400 trees ha-1 by leaving
' o 3.5-4 m green crown.,

4-6 6-7m thin to 300-400 trees ha

6-8 8-9m 15-20 prune 250-350 trees ha™' by leaving
4 m green crown.

8-10 10-12m 15-20 prune 250-300 trees ha” by leaving
4 m green crown.

8-10 10-12 thin to 250-300 trees ha™

25-30 30-40 harvest

The dominant, vigorous, well spaced, straight and erect trees with a single leader
should be pruned by cutting branches at right angles to the trunk and as near as
possible to the nodal swelling without any damage to the stem or bark. Stem cones and
epicormic shoots should also be removed for clear wood production. Pruning of trees
.may be beneficial to understorey pastures by reducing both solar radiation interception
and transpiration by the overstorey trees. Thinning, on the other hand, reduces the
competition for light, moisture, nutrients and space between trees, and trees pastures in
silvopastoral systems. Ideally, the pruning and thinning slash should be removed from

the field for maximum benefit to the understorey pastures.
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Production thinning at 17-18 years after plantation establishment could be carried out.
Elliott (1993) reported that when understorey pasture production should be continued
up to the end of forestry rotation, then 150 trees ha! should be left after production
thinning. However, care should be given to do production thinning when tree height is
above 18 m. Maclaren (1993) reported that the risk of windthrow in radiata pine trees
is very high after production thinning in those trees whose height is greater than 18 m.
Therefore, production thinning should be carried out on the basis of tree form and

height and the prevailing wind.
6.5 Future work

Results of this experiment brought up the following issues which should be addressed
in future research work to study the shading effects of radiata pine trees on productivity

and feeding value of understorey pastures.

e The main aim of pasture establishment and production is to provide feed for
livestock. This is the common concept of pastoralists because the final value of
pastures is measured in terms of animal productivity. Therefore, a grazing
experiment should be focused to measure liveweight gain from shaded and
unshaded cocksfoot pastures for an estimation of the reduction in feeding value of

shaded pasture.

e Artificial urine should be prepared and used to study the effect of nitrogen on
pasture productivity and feeding value rather than waiting for the identification of
real sheep urine patches. In addition, sheep urine patches are usually small (0.1 m?)

in size.

e The main plots and sub-plots for the 1998/99 experiment were small in size.
Therefore, trees in the heavily shaded zone also influenced the PPFD level of the
300 trees ha' zone. In this situation, both main and sub-plots should be apart and

larger in size to reduce the shading effects of neighbouring trees.
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e Each experiment should be started and finished within a season to investigate the

seasonal effects on pasture productivity and feeding value more satisfactorily.
6.6 Conclusion

Conclusions of this study of cocksfoot dominant pasture grown under four light

regimes in a sub-humid area with dry warm and moist cool seasons are:

e Productivity of cocksfoot pasture is not directly proportional to tree shade because
the PPFD measured in clear sunny days during this study periods from July 1998 to
June 1999 indicated that open cocksfoot pasture was light saturated from October to
February between 11 am to 3 or 4 pm, and under moderate shade (40% to 67%
PPFD) from December to'February in between 2 to 3 pm.

e The cocksfoot pasture under moderate shade was more stressed by water and
nitrogen deficiencies than by tree shade because cocksfoot pasture production in this
zone was only marginally reduced in irrigated urine and non-urine patches

compared with open pasture.

e Trees cause grass etiolation under moderate shade but leaf width, tiller numbers and

in particular pasture bulk density were all less than in open pasture.

e Components of the nutritive value of cocksfoot herbage such as digestibility,
nitrogen content and M/D value under moderate shade were marginally reduced

compared with open pasture.

e The application of water and nitrogen (urine) increased cocksfoot pasture
production and feeding value (pasture bulk density and nutritive value) greatly in all

light regimes except pasture bulk density under heavy shade (18% ambient PPFD).

e The aggressive competitive ability of cocksfoot resulted in low clover content in

both shaded and open pasture. This coupled with the larger response of cocksfoot

122



production under urine patches shows that cocksfoot dominant pasture was more

stressed by nitrogen deficiency than by shade.

The performance of subterranean clover in spring suggested that this species is
better suited to silvopastoral systems in sub-humid environments compared with

white clover.

Trees created microclimates which increased soil temperature under moderate shade
in winter by 0.5°C and decreased temperature in summer by 0.9-1.9°C compared

with open pasture.

Competition for water between trees and understorey pastures decreased soil water
content more under trees in all seasons except during the dry summer than in the

open pasture.

Studies of grazing preference for cocksfoot by sheep were inconclusive and require
further study to separate the influences of soil nitrogen, sheep urine, sward height,
tree shade, pasture bulk density, clover content and fungal disease on grazing

behaviour of sheep.
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LINCOLN UNIVERSITY AGROFORESTRY EXPERIMENT

Initial spacing:
1,234.,5:
Thinned:

Pruned:

- Established July 1930

Main Plots (7 - 16): 42.0 x 45.0m (0.189 ha)
Open paslure (79-36): 18.2 x 27.0m (0.05 ha)

7 mx 1.4 m (1000 sph)

Pinus radiata genotypes
1992 (800 sph)
1993 (600 sph)
1994 (400 sph)
Nov./Dec. 1994 (1o 10 cm caliper)

Rolational grazing commenced Spring 1993
Separate flocks for each paslure treatment
Pasture mass pre- and posl-grazing

estimaled

Seasonal botanical analyses
No fertiliser or irrigation
Red, white and sub. clovers sown
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Appendix4.1

Summary of statistical analyses
(Analysis of variance)

Summary of statistical analyses for tree height and diameter, photosynthetic photon
flux density (PPFD), soil temperature, soil moisture, botanical composition, pasture
productivity, tiller population, reproductive tiller population, cocksfoot grass canopy
height, pasture bulk density, shape and size of cocksfoot leaves, nutritive value and

grazing preference of sheep is presented in following table.

Parameters Variates p-value
| Tree height & diameter | Tree height x zone 0.710
Diameter X zone 0.009
Pruning height x zone : 0.046
- | Crown length x zone <0.001
PPFD Shade <0.001
Shade x months/measures 0.050
Soil temperature Shade <0.001
Treatment (+ water) <0.001
Shade x treatment (+ water) 0.034
Shade x measure/months <0.001
Shade x treatment x months <0.938
Soil moisture Shade <0.001
Treatment (x water) <0.001
Shade x treatment (+ water) 0.463
Shade x measures/months <0.001
Shade x treatment x months 1.000
Botanical composition | Cocksfoot
Shade : 0.016
Measure 0.037
Shade x measure 0416
White clover
Shade 0.056
Measure <0.001
Shade x measure 0.923
Subterranean clover
Shade 0.042
Measure < 0.001
Shade x measure 0.003
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Weeds

Shade 0.237
Measure 0.036
Shade x measure 0.130
Dead material
Shade 0.032
Measure 0.041
Shade x measure 0.070
Bareground
Shade 0.091
Measure <0.001
Shade x measure 0.514
Pasture production Shade <0.001
Treatment (+ water & + urine) <0.001
Shade x treatment (+ water & + urine) <0.001
Shade x harvests <0.001
Shade x treatment x harvests 0.044
Tiller population Vegetative tillers
R | Shade <0.001
Treatments (+ water & + urine) <0.001
Shade x treatment <0.001
Shade x measure <0.001
Shade x treatment X measure <0.001
Reproductive tillers
Shade <0.001
Treatment (+ water & + urine) <0.001
Shade x treatment (+ water & = urine) 0.013
Pasture canopy height | Shade <0.001
Treatment (+ water & = urine) <0.001
Shade x treatment (+ water & *+ urine) 0.001
Shade x measure <0.001
Shade x treatment x measure <0.01
Pasture bulk density Shade <0.001
Treatment (x water & + urine) 0.001
Shade x treatment (+ water & + urine) <0.001
Shade x measure <0.001
Shade x treatment X measure <0.01
Shape and size of Leaf number
leaves Shade <0.001
Treatment (x water & =+ urine) 0.002
Shade x treatment (= water & * urine) 0.703
Shade x measure <0.001
Shade x treatment X measure <0.254
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Leaf length

Shade <0.001
Treatment (x water & + urine) <0.001
Shade x treatment (+ water & = urine) 0.031
Shade x measure <0.001
Shade x treatment X measure <0.010
Leaf-width
Shade <0.001
Treatment (+ water & + urine) <0.001
Shade x treatment (+ water & =+ urine) 0.703
Shade x measure <0.02
Shade x treatment X measure 0.254
Cocksfoot pseudostem length
Shade 0.004
Treatment (+ water & + urine) <0.001
Shade x treatment (+ water & + urine) <0.041
Shade x measure <0.001
: Shade x treatment X measure 0.048
Nutritive value | Digestible organic matter
Shade <0.001
Treatment <0.001
Shade x treatment (+ water & + urine) 0.380
Shade x harvests <0.001
Wald statistic
Shade 213.9
Treatment 277
Shade x treatment 10.9
Shade x harvests 91.9
Nitrogen content
Shade <0.001
Treatment <0.001
Shade x treatment (+ water & =+ urine) 0.234
Shade x harvests <0.001
Wald statistic
Shade 19.3
-Treatment 72.6
Shade x treatment 11.7
Shade x harvests 82.9
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Metabolisable energy

Shade <0.001
Treatment <0.001
Shade x treatment (+ water & + urine) 0.359
Shade x harvests <0.001
Wald statistic
Shade 200.5
Treatment 21.3
Shade x treatment 10.5
Shade x harvests 64.4

Grazing preference of | July

sheep Shade 0.954
Treatment (+ urine) <0.001
Shade x treatment (x urine) 0.073
October
Shade <0.001
Treatment (+ urine) 0411

| Shade x treatment (+ urine) <0.001

December
Shade <0.001
Treatment (= urine) <0.001
Shade x treatment (x urine) 0.444
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Appendix 4.2
Tables of means and Isd/sem values used to compose figures in chapter four

Table 4.2.1 Photosynthetic photon flux density (moles/m%d) from July 1998 to
June 1999 (from figure 4.1).

5.00

17.90

Months 650 trees ha' 300 treesha” 200 treesha’  Open pasture  lsd at p <0.05
July 3.80 5.30 8.00 16.90 0.806
August 3.90 6.60 15.00 23.60 2.500
September 3.90 8.60 21.40 34.60 3.854
October 6.40 19.00 35.50 54.90 5.240
November 10.80 24.70 40.90 59.10 3.304
December 16.73 40.80 46.90 67.70 2.948
January 15.13 31.60 46.50 63.70 2.312
February 9.53 26.60 44.60 57.30 3.268
March 5.60 12.20 31.40 40.20 1.720
April - 4.00 7.90 15.80 25.80 1.578
. May 3.63 5.90 8.40 20.20 1.234
June 3.53 7.20 1.740

Table 4.2..2 PPFD level -'(p. moles/m?%s) under three levels of tree shade and in

open pasture on 18th November 1998 (From figure 4.2).

Hours 650 trees ha-1 300 trees ha-1 200 trees ha-1 Open pasture Isd at p <0.05
8:00 am 81 72 377 588 100.0
9:00 am 94 88 566 891 102.0
10:00 am 136 160 878 1296 140.0
11:00 am 118 205 1096 1692 238.0
12:00 pm 153 367 1205 1933 294.0
1:00 pm 195 819 1281 1929 270.0
2:00 pm 493 1094 1275 1830 246.0
3:00 pm 975 1160 1270 1726 254.0
4:00 pm 1002 1113 1160 1454 286.0
5:00 pm 928 934 1040 1204 254.0
6:00 pm 525 438 591 890 218.0
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Table 4.2.3 Soil temperature (°C) at 100 mm soil depth from August 1998 to
July 1999 with or without irrigation (from figure 4.3).

(a) Without irrigation

Months 18% PPFD  40% PPFD  67% PPFD 100% PPFD Isd at p <0.05
August 5.0 4.9 5.0 4.7 0.466
September 8.1 8.1 8.6 8.9 0.806
October 12.5 13.5 14.9 14.9 1.008
November 12.6 14.1 14.8 15.0 0.864
December 13.7 18.7 19.4 204 0914
January 16.6 19.1 20.5 21.0 1.360
February 16.0 17.9 18.8 20.0 0.552
March 16.0 16.3 18.6 18.8 0.796
April 11.8 11.9 12.0 124 0.598
May 11.8 11.1 114 10.5 0.864
June 7.1 6.9. 7.0 6.4 0.796
July 6.8 ' 6.9 6.8 6.4 0.388
(b) With irrigation
Months 18% PPFD  40% PPFD  67% PPFD 100% PPFD Isd at p <0.05
August 4.5 4.4 4.5 4.4 0.628
September 8.0 7.9 8.5 8.5 0.678
October 124 13.3 14.7 143 0.266
November 12.1 133 13.8 13.5 0.324
December 13.2 18.0 18.6 19.2 0.760
January 16.1 18.3 19.8 20.0 0.768
February 15.5 17.1 18.0 19.0 0.480
March 15.7 16.3 18.1 17.8 0.492
April 11.7 11.6 11.9 12.1 0.344
May 11.2 10.7 11.0 10.1 0.854
June 6.4 6.6 6.7 6.0 0.804
July 6.6 6.1 6.1 6.0 0.482
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Table 4.2.4 Soil moisture (% by volume) at 0-300 mm soil depth from August
1998 to July 1999 with or without irrigation (from figure 4.4).

(a) Without irrigation

Months 18% PPFD  40% PPFD 67% PPFD  100% PPFD Isd at p <0.05
August 19.4 25.8 28.8 26.9 4.002
September 16.9 25.5 26.0 26.8 3.730
October 164 23.7 25.5 25.7 2.818
November 13.9 18.0 18.0 18.2 2.562
December 12.1 114 12.4 11.0 1.266
January 12.1 10.9 11.2 9.8 0.552
February 10.3 94 9.2 9.2 0.940
March 17.3 17.2 17.8 17.8 1.340
April 14.5 15.6 17.5 17.9 1.470
May 14.5 16.8 212 21.9 1.316
June 244 28.0 30.9 30.9 2.778
July 18.8 - 22,6 26.0 25.3 2.406
(b) With irrigation
Months 18% PPFD 40% PPFD 67% PPFD  100% PPFD Isd at p <0.05
August 19.8 28.0 303 30.6 5.600
September 17.4 27.2 26.7 28.2 3.112
October 17.5 24.7 26.6 26.9 2.588
November 14.9 19.2 19.7 18.3 0.916
December 13.1 13.2 14.0 11.5 1.808
January 12.8 124 12.2 10.9 1.356
February 11.1 10.9 10.8 9.9 0.682
March 18.5 18.2 19.8 18.9 1.473
April 15.0 16.5 19.2 19.6 1.510
May 15.3 17.9 224 234 1.404
June 25.1 29.0 31.6 31.8 1.054
July 19.5 23.5 26.5 26.3 2.412

Table 4.2.5 Botanical composition (% cover) of nine-year-old cocksfoot plus
clover pasture grown under tress and in open (from figure 4.5).

Components Under trees Open pasture Isd at p <0.05
White clover 2.92 3.83 0.934
Sunterranean clover 3.75 1.33 2.268
Wana cocksfoot 74.33 82.75 5.782
Weeds 4.00 4.75 1.498
Bare ground 10.33 5.67 5.842

Dead material 4.67 1.67 0.624
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Table 4.2.6 Mean dry matter yield (g DM/m?) of Wana cocksfoot for five
harvests under four light regimes in four treatments (from

figure 4.6).
PPFD Treatments Harvests
March June Sept. Nov. Feb.
18% Nil 9.3 26.0 28.3 31.0 20.0
Urine 26.0 33.0 32.0 40.3 25.3
Water 27.0 39.3 57.0 60.3 29.7
Urine + water 42,7 42.7 61.7 65.3 39.0
Isd at p <0.05 8.88 9.25 13.02 14.93 7.10
40% Nil 18.3 30.3 54.3 54.3 15.7
Urine 28.4 49.7 66.3 103.7 233
Water 60.3 59.0 63.7 92.0 53.7
Urine + water  120.7 943 103.3 132.0 94.0
Isd at p <0.05 35.36 19.36  26.65 46.10 17.15
67% Nil 12.7 35.3 46.3 65.0 11.3
: Urine 25.7 45.0 99.3 140.0 22.7
Water - 67.0 66.7 95.7 108.7 60.0
' 3 Urine + water  119.3 110.3 1223 173.0 102.7
Isd at p <0.05 ' - 47.86 24.57  55.57 60.88 34.16
100% Nil 11.0 37.3 72.0 103.0 10.7
Urine 20.3 58.7 126.7 176.0 22.3
Water 473 66.0 78.0 124.0 56.3
Urine + water ~ 96.7 84.0 174.7 219.0 93.0
Isd at p <0.05 23.00 3042 38.54 49.41 22.83
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Table 4.2.7 Vegetative tillers populations (tillers/m?of cocksfoot from five
harvests under four light regimes in four treatments (from

figure 4.7).
PPFD relative to open pasture

18% 40% 67% 100%
March Nil 3000 4220 4150 4980
Urine 3250 4370 4350 5220
Water 3083 3970 4720 5250
U + water 3430 4480 4850 5280

Isd at p <0.05 324.1 305.8 230.1 210.0
June Nil 3000 4300 4630 5020
Urine 3220 4380 4390 5380
Water 3150 4170 4760 5480
U + water 3370 4370 5120 5520

Isd at p <0.05 306.1 220.1 235.1 470.0
September Nil 3150 4780 4820 5200
B Urine ' 3350 4830 5420 6150
Water 3720 4720 5500 5950
3 U + water 4150 5000 5720 6170

Isd at p <0.05 ' - 506.9 438.9 704.6 780.0
November Nil 3380 4870 4870 5170
Urine 3470 4970 5170 6300
Water 3830 4990 5180 6100
U + water 3830 4920 5680 6820

1sd at p <0.05 470.6 280.2 689.9 971.7
February Nil 3180 4080 4130 4770
Urine 3230 4350 4320 5030
Water 3300 4500 4650 5070
U + water 3380 4420 4800 5270

Isd at p <0.05 257.9 320.4 299.2 440.8

Table 4.2.8 Reproductive tillers populations (tillers/m*)of cocksfoot in November

1998 (from figure 4.8).
PPFD Treatments
Nil Urine Water Urine + water  1sd at p <0.05
18% 13 23 50 50 38.74
40% 57 80 130 180 79.70
67% 67 240 193 260 96.10
100% 153 267 200 233 108.20
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Table 4.2.9 Cocksfoot canopy height (imm) for five harvests under four light
regimes in four treatments (from figure 4.9).

PPFD Treatments Harvests
March June Sept. Nov. Feb.
18% Nil 18.06 32.15 50.18 83.97 25.56
Urine 39.31 53.39 72.06 10522 46.81
Water 52.45 66.53 8520 118.37 59.95
Urine + water 81.52 95.60 11427 14743 89.02
Isd at p < 0.05 15.94 17.47 22.12 3425  20.23
40% Nil 26.26 41.01 67.84 133.51 19.93
Urine 47.51 62.26 89.09 15476  41.18
Water 71.08 85.83 112,67 17833 64.75
Urine + water  100.15 11490 141,73 207.40 93.82
Isd at p < 0.05 30.66 23.33 31.96 30.71  21.50
67% Nil 16.69 40.78 6444 131.69 17.28
Urine 37.94 62.03 85.69 15294  38.53
Water 63.15 8723 11090 178.15 63.73
Urine + water 9222 11630 13997 207.22 92.80
Isd at p , 0.05 B 40.53 29.42 4231 3295 25.68
100% Nil 9.49 28.91 58.74 124.66 2091
Urine 30.74 50.16 79.99 14591 42.16
Water 33.68 53.10 8293 148.85 45.10
Urine + water 62.75 82.17 11200 177.92 74.17
Isd at p < 0.05 17.23 17.25 22.04 23.62 18.77
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Table 4.2.10 Pasture bulk density (mg DM/cm®) of cocksfoot pastures from

means of four treatments (from figure 4.10).

Harvests Treatments PPFD relative to open pasture
18% 40% 67% 100%
March Nil 0.473 0.953 0.990 1.255
Urine 0.677 0.987 1.099 1.297
Water 0.590 0.787 1.213 1.177
Urine + water 0.497 1.013 1.053 1.403
Isd at p <0.05 0.154 0.306 0.302 0.290
June Nil 0.793 0.757 0.783 1.050
Urine 0.663 0.793 0.807 1.267
Water 0.543 0.743 0.827 1.260
Urine + water 0.483 0.797 0.883 1.097
1sd at p <0.05 0.162 0.138 0.178 0.278
September Nil 0.590 0.733 0.790 1.167
Urine 0.457 0.673 0.997 1.440
Water 0.580 0.617 0.920 1.060
Urine + water 0.597 0.777 0.893 1.613
lsd at p <0.05 L 0.098 0.176 0.212 0.338
November Nil 0.383 0.420 0.513 0.833
Urine 0.377 0.630 0.810 1.100
Water 0.530 0.507 0.657 0.883
Urine + water 0.470 0.670 0.857 1.270
Isd at p <0.05 0.166 0.184 0.258 0.324
February Nil 0.827 0.760 0.743 0.820
Urine 0.653 0.583 0.720 0.730
Water 0.473 0.857 0.930 0.877
Urine + water 0.463 1.017 1.090 1.457
1sd at p <0.05 0.288 0.306 0.392 0.464

Table 4.2.11 Cocksfoot leaf population (per tiller) under four treatment and four
light regimes in different three months (from figure 4.11).

PPFD Treatments Isd at p <0.05
Nil Urine Water Urine + water

September  18% 200 3.00 235 2.76 0.499
40% 349 3.60 3.57 4.01 0.516
67% 363 371 396 4,38 0.540
100% 335 343 340 3.82 0.560

November  18% 297 307 297 3.35 0.469
40% 332 340 343 3.85 0.267
67% 313 321 346 3.86 0.303
100% 360 3.68 3.65 4.07 0.483

February 18% 1.92 207 193 2.35 0.369
40% 207 215 2.18 2.60 0.455
67% 213 221 246 2.86 0.577
100% 226 235 232 2.74 0.442
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Table 4.2.12 Cocksfoot leaf blade length under four light regimes from five
harvests in four treatments (from figure 4.12).

Harvests Treatments PPED relative to open pasture
18% 40% 67% 100%
March Nil 15.98 17.61 13.58 7.63
Urine 33.93 35.56 31.52 25.58
Water 42.48 54.34 52.54 27.16
Urine + water 67.29 79.16 77.36 51.97
Isd at p <0.05 14.412 13.550 16.710 10.180
June Nil 29.31 36.86 35.82 20.63
Urine 47.26 54.81 53.77 38.58
Water 55.81 73.59 74.79 40.16
Urine + water 80.63 98.41 99.61 64.79
Isd at p <0.05 21.760 22.620 20.450 22.486
September Nil 45.47 63.69 5941 49.29
Urine '63.42 81.64 77.36 67.24
Water 71.97 100.42 98.37 68.82
Urine + water 96.79 125.24 123.19 93.64
Isd at p <0.05 L 20.160 29.960 32.646 26.72
November 'Nil 75.14 123.02 123.41 107.96
Urine 93.09 140.97 141.36 12591
Water 101.64 159.76 162.37 127.49
Urine + water 126.46 184.57 187.19 152.31
Isd at p <0.05 32.060 26.801 27.480 15.122
February Nil 23.06 19.44 15.57 17.46
Urine 41.01 37.39 33.52 3541
Water 49.56 56.18 54.54 36.99
Urine + water 74.38 80.99 79.36 61.81
Isd at p <0.05 26.170 25.082 27.760 23.491

Table 4.2.13 The treatment effect on cocksfoot leaf width (mm) under four light
regimes from means of three measurement (from figure 4.13).

PPFD  Months Treatments Isd at p <0.05
Nil Urine Water U + water
18% September 3.93 4.07 3.74 4.26 0.743
40% 4.18 4.32 4.65 5.18 0.942
67% 4.60 4.74 5.07 5.60 0.881
100% 4.71 4.85 5.29 5.82 1.008
18% November 3.65 3.97 3.65 4.18 0.577
40% 4.35 4.49 4.82 5.35 0.745
67% 4.60 4.74 5.07 5.60 0.998
100% 5.38 5.51 5.96 6.49 0.577
18% February 4.01 4.15 3.82 4.35 0.553
40% 4.26 4.40 4.74 5.26 0.822
67% 4.28 443 472 5.31 0.837
100% 4.21 4.35 4.79 5.32 0.724
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Table 4.2.14. The cocksfoot pseudostem length (mm) under four light regimes in
four treatments from five harvests (from figure 4.14).

PPFD Treatments SED Isd at p <0.05
Nil  Urine Water Urine + water
March
18% 2.08 5.38 9.97 14.23 3.050 7.463
40% 865 1195 16.74 20.99 3.330 8.148
67% 3.11 642 10.61 14.86 3.530 8.637
Open pasture  1.86 516  6.52 10.78 2.830 6.925
June
18% 2.84 6.13 10.72 14.97 4.340 10.619
40% 4.15 745 1224 16.49 3.490 8.540
67% 4.96 826 12.44 16.69 3.790 9.274
Open pasture  8.28 11.58 12.94 17.20 3.390 8.295
September
- 18% 4.71 8.64 13.23 17.48 3.180 7.781
40% 4.15 745 12.25 16.49 2.735 6.692
67% 5.03 833 12.53 16.78 2.632 6.440
Open pasture - 945 12,75 14.11 18.36 2.910 7.120
November
18% 883 12.13 16.73 20.97 3.930 9.616
40% 1049 1379 18.57 22.83 3.090 7.561
67% 828 11.58 15.78 20.03 3.430 8.393
Open pasture ~ 16.7 20.00 21.36 25.61 4.480 10.962
February
18% 2.50 580 10.39 14.64 3.390 8.295
40% 1.49 3.79 8.57 12.83 3.320 8.124
67% 1.71 501 9.19 13.44 3.050 7.463
Open pasture 345 6.75 8.11 12.36 3.630 8.882
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Table 4.2.15 Nitrogen (%) content in cocksfoot herbage under four light regimes

for four treatments in five harvests (from figure 4.15).

Harvests Treatments PPED relative to open pasture
18% 40% 67% 100%
March Nil 2.75 2.71 2.56 2.51
Urine 3.55 3.01 3.01 3.22
Water 2.75 2.90 2.85 2.58
Urine + water 3.37 3.53 3.07 3.09
Standard error 0.119 0.119 0.119 0.119
June Nil 2.31 2.73 2.64 3.56
Urine 2.69 3.18 2.99 4.06
Water 3.08 2.92 3.32 3.63
Urine + water 3.24 3.14 3.36 4.36
Standard error 0.119 0.119 0.119 0.119
September Nil 3.62 3.70 3.85 3.75
Urine '3.84 3.96 4.47 4.46
Water 3.72 3.85 4.30 3.92
Urine + water  4.18 4.54 4,63 4.33
Standard error 0.119 0.119 0.119 0.119
November Nil 2.20 2.17 1.72 1.83
Urine 2.30 2.44 2.32 2.45
Water 2.10 2.51 2.05 2.27
Urine + water 2.40 2.63 2.31 2.60
Standard error 0.119 0.119 0.119 0.119
February Nil 2.59 2.46 2.56 2.39
Urine 2.62 2.72 2.63 2.99
Water 2.61 2.65 2.60 2.90
Urine + water 2.97 2.75 2.90 3.07
Standard error 0.119 0.119 0.119 0.119
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Table 4.2.16 Digestible organic matter content in cocksfoot herbage under four
light regimes from five harvests in four . treatments (from

figure 4.16).
Months Treatments PPFD relative to open pasture
18% 40% 67% 100%
March Nil 62.9 68.1 72.9 74.5
Urine 65.3 70.3 75.3 77.0
Water 65.8 70.0 73.6 75.8
Urine + water 67.6 71.5 75.3 77.5
Standard error 1.220 1.220 1.220 1.220
June Nil 56.5 61.2 65.1 75.1
Urine 59.1 63.9 67.7 76.7
Water 59.6 63.1 65.9 719
Urine + water 614 64.9 67.7 78.5
Standard error 1.220 1.220 1.220 1.220
~ September Nil 65.0 67.4 73.0 72.1
Urine 674 69.8 75.2 74.8
Water 67.9 69.3 73.6 73.5
: Urine + water . 69.7 71.0 75.3 75.3
Standard error 1.220 1.220 1.220 1.220
November Nil 63.0 66.3 68.8 67.1
Urine 65.5 68.9 71.0 69.6
Water 66.0 68.6 69.0 68.4
Urine + water 67.8 70.3 71.0 70.1
Standard error 1.220 1.220 1.220 1.220
February Nil 61.0 60.4 64.2 66.8
Urine 634 62.9 66.8 69.2
Water 63.9 62.6 65.1 68.0
Urine + water 65.7 64.4 66.8 69.7
Standard error 1.220 1.220 1.220 1.220
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Table 4.2.17 M/D value (MJ ME/kg DM) of cocksfoot herbage under four light
regimes from five harvests in four treatments (from figure 4.17).

Months Treatments PPFD relative to open pasture
18% 40% 67% 100%
March Nil 8.99 9.88 10.60 11.02
Urine 9.52 10.40 11.15 11.60
Water 9.41 10.14 10.82 11.29
Urine + water 9.72 10.46 11.16 11.65
Standard error 0.207 0.207 0.207 0.207
June Nil 7.81 8.33 8.7 10.60
Urine 8.45 8.88 9.28 11.12
Water 8.21 8.57 8.97 10.60
Urine + water 8.52 8.88 9.29 10.98
Standard error 0.207 0.207 0.207 0.207
September Nil ' 9.13 9.39 10.04 10.20
Urine 9,71 9.96 10.60 10.83
Water 9.61 9.69 10.32 10.49
: Urine + water 9.92 10.08 . 10.68 10.80
Standard error -~ 0.207 0.207 0.207 0.207
November Nil 9.28 9,71 10.04 10.40
Urine 9.79 10.27 10.57 10.48
Water 9.68 9.99 10.30 10.14
Urine + water 9.99 10.31 10.61 10.49
Standard error 0.207 0.207 0.207 0.207
February Nil 8.81 8.81 9.31 9.81
Urine 9.32 9.35 9.85 10.43
Water 9.21 9.02 948 9.98
Urine + water 9.52 9.33 9.79 10.35
Standard error 0.207 0.207 0.207 0.207

Table 4.2.18 Decline of cocksfoot height (mm) during sheep grazing experiment
in July 1998 (from figure 4.18).

Days Agroforestry Open pasture
Non-urine  Urine patch  Non-urine Urine patch Isd at p <0.05
0 64 76 63 71 14.50
1 45 57 46 53 9.92
2 31 43 35 42 5.96
3 21 33 26 34 4.08
4 16 24 15 22 2.27
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Table 4.2.19 Decline of cocksfoot height (mm) during sheep grazing experiment
in October 1998 (from figure 4.19).

Days Agroforestry Open pasture
Non-urine  Urine patch Non-urine  Urine patch  1sd at p <0.05

0 210 241 180 196 20.16
1 185 181 158 145 35.76
2 154 143 140 121 20.46
3 112 127 108 89 24.20
4 100 108 91 77 16.58
5 86 94 80 63 18.46
6 78 76 73 50 18.32
7 65 62 63 47 11.52
8 51 58 48 41 9.56
9 39 54 43 31 7.66

Table 4.2.20 Decline of cocksfoot height (mm) during sheep grazing experiment
in December 1998 (from figure 4.20).

Days - Agroforestry Open pasture
Non-urine  Urine patch Non-urine  Urine patch  1sd at p <0.05

0 279 302 253 280 17.96
1 250 260 225 240 33.02
2 234 243 213 193 45.40
3 169 177 152 110 47.40
4 134 146 105 97 44.20
5 116 125 76 80 38.46
6 92 109 60 74 29.96
7 75 90 48 65 18.66
8 67 82 44 61 14.01
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Appendix 4.3
Photosynthetic photon flux density (n moles/m?/s)

(July 1998 to June 1999)
Months Trees ha' 8:00AM 9:00AM 10:00AM 11:00AM 12:00PM 1:00PM  2:00PM 3:00PM 4:00PM  5:00PM 6:00 PM
20 July 650 trees - 160 176 182 192 78 76 75 42 - -
300 trees - 87 88 306 325 272 169 131 104 - -
200 trees - 91 120 339 446 404 345 311 136 - -
Open pasture - 340 538 582 615 540 471 436 315 - -
22 August 650 trees 75 113 119 100 145 77 56 52 49 - -
300 trees 55 62 134 158 199 120 112 75 77 - -
200 trees 69 188 241 460 585 635 536 129 132 - -
Open pasture 301 624 861 1006 1063 1043 912 544 206 - -
19 September 650 trees 76 114 124 153 111 67 66 61 128 114 -
300 trees 62 79 118 177 184 210 215 460 484 151 -
200 trees 121 230 537 1026 1091 1096 815 346 179 161 -
Open pasture 422 811 1115 1399 1443 1424 1238 846 560 214 -
23 QOctober 650 trees 42 60 84 71 85 99 114 228 526 433 285
300 trees 65 70 109 131 305 752 975 1238 887 378 261
200 trees 370 548 875 1057 1194 1161 1119 1162 793 727 356
Open pasture 581 877 1280 1604 1865 1828 1801 1659 1384 1152 554
18 November 650 trees 81 94 136 118 153 195 493 975 1002 928 525
300 trees 72 88 160 205 367 819 1094 1160 1113 934 438
200 trees 377 566 878 1096 1205 1281 1275 1270 1160 1040 591
Open pasture 588 891 1296 1692 1933 1929 1830 1726 1454 1204 890
19-20 December 650 trees 52 106 125 150 152 160 238 380 636 870 715
300 trees 166 380 485 674 1117 1375 1562 1764 1507 957 636
200 trees 306 599 873 1087 1355 1440 1580 1565 1429 1060 766
Open pasture 629 973 1360 1700 1902 2175 2088 1923 1655 1367 1043




Months Trees ha™' 8:00AM 9:00AM 10:00AM 11:00AM 12:00PM  1:00PM 2:00PM 3:00 PM 4:00PM 5:00PM  6:00 PM
25-26 January 650 trees 47 109 72 73 66 125 225 318 641 871 714
300 trees 159 142 153 96 348 1102 1565 1601 1403 902 655
200 trees 303 597 871 1064 1303 1458 1584 1571 1399 1080 806
Open pasture 645 999 1276 1568 1896 1939 1944 1936 1639 1354 1045
20 February 650 trees 43 49 56 65 67 72 213 292 631 830 689
300 trees 51 68 92 90 109 764 1567 1531 902 901 674
200 trees 399 566 656 1229 1299 1317 1561 1529 1260 1045 786
Open pasture 568 899 1156 1522 1639 1760 1814 1801 1610 1367 942
19-20 March 650 trees 55 72 69 74 73 89 128 167 305 404 280
300 trees 41 72 78 83 85 177 220 475 748 740 409
200 trees 104 274 694 891 1086 1162 1102 1083 1045 760 413
Open pasture 230 538 908 1149 1400 1505 1401 1322 1155 921 496
21 April 650 trees 100 177 184 125 103 52 60 88 135 80 -
300 trees 43 51 62 79 74 64 215 325 398 110 -
200 trees 51 87 182 239 601 960 902 698 558 110 -
Open pasture 189 432 788 986 1196 1040 928 797 603 208 -
18 May 650 trees 102 167 211 267 212 152 100 70 51 - -
300 trees 43 58 86 88 98 98 199 411 272 - -
200 trees 45 50 55 73 163 200 595 536 255 - -
Open pasture 198 365 629 715 748 760 695 590 302 - -
17-18 June 650 trees - 102 167 207 175 145 102 74 47 - -
300 trees - 43 58 86 98 102 201 407 278 - -
200 trees - 45 50 55 163 200 598 516 298 - -
Open pasture - 188 365 629 679 725 705 569 316 - -

Note: PPFD levels written in bold numbers are above light saturation point for cocksfoot.
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