
A thesis 

Submitted in fulfilment 

of the requirements for the Degree 

of 

Master Of Forestry Science 

in the 

University of Canterbury 

by 

Irdika Mansur 

University of canterbury 

1994 



1 

2 

11 

IV 

VI 

V11 

1 

3 
2.1. INTRODUCTION........................................... 3 
2.2. SIL VOP AS TORAL SYSTEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 

2.2.1. Definition and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
2.2.2. Silvopastoral practice in New Zealand ....................... , 4 
2.2.3. Critical resources in silvopastoral systems ..................... 5 

2.3. RADIATA PINE GROWTH AND NITROGEN DYNAMICS ............ 6 
2.3.1. Nitrogen Dynamics in Radiata Pine . . . . . . . . . . . . . . . . . . . . . . . . .. 6 
2.3.2. Factors affecting radiata pine growth and foliar N status ........... 8 
2.3.3. Relationships between foliar N status and tree growth . . . . . . . . . . . .. 10 

2.4. BIOLOGICAL N FIXATION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 
2.4.1. The role of biological N fixation (BNF) in sustaining pasture 

and forest establishment ................................ . 11 
2.4.2. Environmental factors affecting biological nitrogen fixation ........ 12 
2.4.3. Measurement of BNF in legume in legume/grass mixtures . . . . . . . .. 13 
2.4.4. Nitrogen transfer from legume to associated grasses ............. 24 

2.5. PASTURE GROWTH AND N UPTAKE. . . . . . . . . . . . . . . . . . . . . . . . .. 27 
2.5.1. General characteristics of pasture grass and legume species 

used in silvopastoral systems ............................. 27 
2.5.2. Factors affecting pasture growth and N uptake ................. 30 

2.6. SUMMARy.............................................. 34 

3 NITROGEN 
AND NITROGEN CHANGES SOILS. . . . . . . . . . . . .. 35 

3.1. INTRODUCTION.......................................... 35 
3.2. MATERIAL AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 37 

3.2.1. Site and Trial Description ............................... 37 
3.2.2. Soil Moisture and Climatic Conditions ...................... 41 
3.2.3. Nitrogen dynamics experiment ............................ 41 

3.3. RESULTS............................................... 48 
3.3.1. Soil Moisture and Climatic Data . . . . . . . . . . . . . . . . . . . . . . . . . .. 48 
3.3.2. Radiata Pine Growth and Foliar N Dynamics .................. 51 
3.3.3. Pasture Dry Matter and Nitrogen Yields. . . . . . . . . . . . . . . . . . . . .. 59 
3.3.4. Changes in Total Soil Nitrogen. . . . . . . . . . . . . . . . . . . . . . . . . . .. 78 



3A. DISCUSSION ....... :..................................... 82 
3 A.1. Foliar N Dynamics of Radiata Pine . . . . . . . . . . . . . . . . . . . . . . . .. 82 
3A.2. Pastures Dry Matter and N Yields . . . . . . . . . . . . . . . . . . . . . . . . .. 85 
3A.3. Effect of pastures on soil N .............................. 90 

3.5. CONCLUSION............................................ 91 

93 
4.1. INTRODUCTION.......................................... 93 
4.2. MATERIALS AND METHODS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 

4.2.1. Measurement of BNF using 15N isotope dilution method .......... 95 
4.2.2. Data analysis ....................................... 100 
4.2.3. Statistical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 101 

4.3. RESULTS.............................................. 101 
4.3.1. Biological N Fixation ................................. 101 
4.3.2. Nitrogen transfer from clover to the associate ryegrass .......... 104 
4.3.3. Atom %15N changes in legume and grass with time. . . . . . . . . . . .. 104 
4.3A. The atom %15N changes in the soil ....................... 106 
4.3.5. Atom %15N in roots and stubble of grass and legume. . . . . . . . . .. 106 
4.3.6. Soil N removal in herbage .............................. 109 

4A. DISCUSSION ............................................. 114 
4A.1. Biological N fixation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 114 
4A.2. Nitrogen transfer from clover to the companion "Yatsun" 

perennial ryegrass .................................... 117 
4.4.3. Nitrogen removal in silage . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 118 

4.5. CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 120 

5 GENERAL DISCUSSION . . . . . . . . . . . . . . . . . . . . .. 122 
5.1. INTRODUCTION......................................... 122 
5.2. EFFECTS OF PASTURES ON TREES '" . . . . . . . . . . . . . . . . . . . . . .. 123 
5.3. EFFECT OF TREES ON PASTURE GROWTH, TOTAL NAND BNF ... 128 
5A. THE 15N ISOTOPE DILUTION TECHNIQUE . . . . . . . . . . . . . . . . . . . .. 130 

6 CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 132 

134 

150 



I would like to express my gratitude to many people who has been involved in my 
study and also have given me assistance and moral support so I could finish my 
study. First of ail, I would like to thank nly supervisors Professor Sweet of 
School of Forestry-Canterbury University, Professor Kuan M. Goh and Dr D.J. Mead 
of Lincoln University for their great support and assistance during my study. 

I also would like to thank the New Zealand Government for funding my study, and my 
Student Support Officer, Mr. John Fleming and Ms. Felicity Buchanan who have 
directly looked after me during my stay in New Zealand. 

I have received enormous help from Lincoln University staff while conducting my 
research, especially from Eunice, Dave Jack, Don, and Bruce of Plant Science 
Department; Rob McPherson, Maureen, Neil and Leanne of Soil Science Department; 
and also staff of School of Forestry, Karl, Paul, Dave, Victoria, Janet and Jane. I am 
thankful for their help. 

A special thank you to Gaye Ridgen who performed 15N isotope analysis for thousands 
of my samples, Sue Thomson and Bandara who have spend hours in the field to help 
me sample radiata pine foliage. Thank to Madan who has spent his spare time to 
grind my plant samples, and Kaniappa who has spent his energy with a heavy soil 
corer to collect my root samples at the end of my experiment. 

I would like to thank Mr Dick Lucas, Dr Keith Pollock and Dr Isa Yunusa of Plant 
Science Department (Dr Isa Yunusa just recently moved to CSI Australia) for 
valuable discussion and ideas whenever I needed them. 

I am also thankful to my fellow students at School of Forestry, especially Bambang 
Wiyono, Iskandar, Yetty, Budi, Didik, Uli, Aruan and Ugweno. From Lincoln University, 
Christ and Dean of Soil Science Department; Madan and Bandara of Plant Science 
Department for their friendship and all the good memories. 

There were many people whose names I could not list here, who I would like to thank 
for their support and friendship during my stay In New Zealand. 

Finally, but very importantly, lowe a great deal to my wife Novi for her companionship, 
patience and help throughout the time of my study, and her significant help in 
preparing this thesis. 



2.1. Dynamics of foliar nitrogen content of first and second order branches 
of radiata pine with time ...................................... 7 

2.2. Diagrammatic representation of the difference of 15N;t4N ratio in an 
N-fixing plant and a non-N-fixing plant .................... . 15 

2.3. Illustration of four possible interaction between N-fixing plant and 
the reference in the measurement of biological nitrogen fixation (BNF) 
related to rooting pattern ..................................... 17 

2.4. The effect of atom % 15N enrichment on the isotopic composition of 
N2-fixing plant and the reference plant . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

3.1. Lincoln University Agroforestry trial consisted of part A contained 
trees and part B open pasture ................................. 38 

3.2. The layout of main-treatments of Lincoln University Agroforestry 
trial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

3.3. The position of nitrogen fixation plots between two rows of trees in 
a mainplot ............................................... 42 

3.4. Layout of a nitrogen fixation plot which consists of a microplot at 
the centre and a boundary plot surrounding the microplot . . . . . . . . . . . . . .. 43 

3.5. Order of branches of radiata pine and the position of foliage 
sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 

3.6. Topsoil moisture content under ryegrass/clover, lucerne and bare ground 
control treatments during the study period ......................... 49 

3.7. Topsoil moisture content in different position from trees during the 
study period ......................................... 50 

3.8. Dynamic of fascicle dry weight of radiata pine grown with 
ryegrass/ clover, cocksfootlclover, phalaris/ clover ,rye grass, lucerne 
and in a bare ground control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 55 

3.9. Dynamic of foliar N concentration of radiata pine grown with 
ryegrass/clover, cocksfootlclover, phalaris/clover, ryegrass, lucerne 
and in a bare ground control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 56 

ii 



3.10. Dynamic of foliar N content of radiata pine grown with ryegrass/clover, 
cocksfoot/clover, phalaris/clover, ryegrass, lucerne and in a bare 
ground control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 57 

3.11. A ryegrass monoculture plot showing the invasion of white clover and 
weeds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

3.12. A ryegrass monoculture plot after herbicide application showing the 
eradication of white clover and weeds ....................... 70 

3.13. A patchy ryegrass/clover plot showing grass grub infestation ............ 71 

4.1. The application of 15N-Iabelled fertiliser to a microplot ................ 97 

4.2. The application of unlabelled fertiliser to a boundary plot ............. 98 

4.3. Atom %15N differences and changes in lucerne and phalaris, clover and 
ryegrass, and ryegrass mixture and monoculture with time . . . . . . . . . . . .. 107 

iii 



2.1. Mean dry matter yield (t ha- 1
) for pure red clover and red 

clover/perennial ryegrass mixture in three harvest years and in 
different cut per year ....................................... 32 

3.1. Main plot and sub-plot treatments in part A Lincoln University 
agroforestry trial ........................................... 40 

3.2. Some climatic variables during the study period at Lincoln University, 
New Zealand ...................................... . 

3.3. Foliar nitrogen concentration, nitrogen content and fascicle dry 
weight of current foliage of radiata pine (clone 3) grown in bare 
ground control and five pasture treatments. Foliage was formed in 

53 

spring 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 58 

3.4. Height and height increment of radiata pine in the third growing 
season grown in a bare ground and five different pasture treatments ....... 61 

3.5. Root collar diameter (RCD), RCD increment and diameter at breast 
height (DBH) of radiata pine in the third growing season grown in a 
bare ground and 5 different pastures ............................. 61 

3.6. Annual and seasonal dry matter yields of five different pastures under 
radiata pine trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 62 

3.7. Annual and seasonal dry matter yields of pastures in different positions 
from radiata pine trees ...................................... 65 

3.8. Botanical composition of different pastures in five harvests ............. 66 

3.9. The effect of position of pastures from trees on pasture botanical 
composition in five harvests ................................... 72 

3.10. Annual and seasonal nitrogen yields of grass and legume in five different 
pastures in a silvopastoral system ............................... 74 

3.11. The effect of position from trees on annual nitrogen yields of grass and 
legume at five harvests. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 75 

3.12. Nitrogen concentration of grass and legume components in different pastures 
at five harvests ............................................ 76 

3.13. The effect of position from trees on grass and legume nitrogen concentration 

iv 



at five harvests ............................................ 79 

3.14. Soil Nitrogen under different pasture and a bare ground under a silvopastoral 
system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 80 

3.15. Effects of position from trees on %total N of soils under a silvopastoral 
system ............................. . . . . . . . . . . . . . . . . . . . .. 81 

3.16. Correlation coefficients between some environmental factors and nitrogen 
dynamics and dry matter yield of lucerne and ryegrass/clover pastures 89 

3.17. Correlation coefficients between seasonal nitrogen dynamics and soil moisture 
dynamics, and nitrogen and soil moisture in different position front trees 
in ryegrass/clover and lucerne pastures in a silvopastoral system . . . . . . . . .. 89 

4.1. Nitrogen fixed by legumes in different pastures at five harvests under radiata 
pIne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 102 

4.2. Nitrogen fixed by legumes in different position from trees in a silvopastoral 
system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 105 

4.3. The percentages and amounts of nitrogen on the ryegrass obtained from the 
associate clover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 105 

4.4. The atom %15N of soil in different soil depths inside and outside microplots in 
November 1992 (three months after the first 15N labelled fertiliser) . . . . . .. 108 

4.5. The atom % 15N of soil under grass and legume in different soil depth inside 
microplots in May 1993 (three months after the second 15N labelled fertiliser) 110 

4.6. The atom %15N of soil under grass and legume in different soil depth inside 
microplots in September 1993 (six months after the second 15N labelled 
fertiliser) ............................................... 111 

4.7. The atom % 15N of grass and legume stubble and roots in different soil depths in 
September 1993 (six months after the second 15N labelled fertiliser) 112 

4.8. Nitrogen removal in herbage in five harvest and annually. . . . . . . . . . . . .. 113 

4.9. The amount of nitrogen removals from soil under pastures in the form of silage 
in different position from trees ................................ 116 

4.10. Nitrogen balance in different pastures under radiata pine .............. 116 

v 



Appendix 1. Calculation of the requirement of labelled and unlabelled fertiliser 
applied in the microplot and boundary plot . . . . . . . . . . . . . . . . . .. 150 

vi 



Two sets of field experiment were conducted at the Lincoln University's agroforestry 
trial. The first experiment was to study nitrogen (N) uptake by radiata pine and pasture, and 
soil total N changes with time. The second experiment was to assess the magnitude of 
input from biological nitrogen fixation (BNF) and factors affecting BNF. 

Lucerne was found to be the most severe competitor with trees. It reduced tree 
height, root collar diameter and diameter at breast height, and occasionally reduced fascicle 
dry weight and foliar N content. However, lucerne had a high dry matter yield (DMY), 
nitrogen concentrations, nitrogen yields, and amounts of nitrogen fixed. It had lower 
percentage of N derived from atmosphere (%Ndfa) than clover which resulted in a high N 
removal from the lucerne plot, when the herbage was removed as silage. Clover has high 
%Ndfa during spring and summer ranging from 83 to 97%. 

Radiata pine did not affect total N concentration of pastures and %Ndfa of the 
legumes. However, radiata pine reduced seasonal DMY of the pastures and seasonal and 
annual DMY of legumes, which led to the reduction of N yield and amount of N fixed. 

Clovers in ryegrass/clover, cocksfootlclover and phalaris/clover were estimated to fix 
134,71, and 75 kg N ha- I year- I which were lower than lucerne which was estimated to fix 
230 kg N ha-I year-I. The variations of amounts of N fixed by clover in different grass/clover 
mixtures were due to the persistence and productivity of the clover in pasture mixtures. 

Nitrogen balance in all pasture treatments was negative showing that N removal in 
herbage exceeded N input from BNF. Similarly, the total N in the soil decreased with time. 
Biological nitrogen fixation was important to stabilise N balance in pasture by minimising soil 
N removal and to ensure a high pasture productivity. 

Soil moisture and N were likely to be the important resources competed for by pasture 
plants and the trees. However, the effect of competition was more apparent on altering N 
status of the trees than that of the pastures. The N status of radiata pine grown with pastures 
was occasionally marginal. Soil moisture content close to the row of trees was lower than 
that at the midway between two rows of trees. Rain shadow effect from trees further lowered 
the moisture content of soil to the north side of trees. 

Overall the use of I5N isotope dilution technique for measuring %Ndfa and percentage 
of grass N derived from transfer (%Ndftrans) has given satisfactory results. Nitrogen transfer 
from clover to ryegrass/clover was considered as insignificant « 1.5 g m-2 annually). The 
atom % I5N enrichment in the soil decreased with time. 

vii 
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Nitrogen (N) is one of essential macronutrients for plants. It is a constituents 

in numerous important elementary organic compounds, such as amino acids, proteins 

and nucleic acids (Mengel and Kirkby, 1982). Dixon (1991) and Goh and Haynes 

(1986) stated that N is the most limiting element among plant nutrients for crop 

growth. Specifically, N is very important for grassland productivity (Whitehead 1970) 

and tree growth (Nasholm 1991) and quality (Will and Hodgkiss 1977). 

According to Mengel and Kirkby (1982), N controls vegetative growth of plant. 

When N content in the plant is sufficient, the photosyntate will be used to develop 

nucleic acids and protein and eventually to build new growth structures. On the other 

hand, if N is inadequate, the photosyntate will be stored as starch. 

In silvopastoral system the role of N is even more important, since the main 

objective in the establishment of the system is to gain a high vegetative growth of trees 

and pastures. Hence, in order to manage a silvopastoral system, information about 

nitrogen status of its plant components and supply from soil and other sources, such 

as biological nitrogen fixation by legume pastures is needed, as well as the limiting 

factors. Unfortunately, nutrient status (Mead 1984) including N (Pereira and Landsberg 

1989) in plant fluctuates seasonly. Thus, the information about N dynamics is also 

important. Many research concerning N status and dynamics in radiata pine in a 

plantation forest has been conducted (Will 1985). However, a limiting number of 

experiments has been carried out in a silvopastoral situation where trees and 

understorey vegetation play an important roles. 
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Legumes are often incorporated into grass-based pasture to improve herbage 

quality and productivity. Because of their capability to fixed N from atmosphere, 

legumes also expected to be :r~ supplier to grass in the pasture. In forestry, sowing 

legumes under forest stands is a growing interest to improve N status in the system and 

to reduce the cost for N fertilisers (Smethurst and Turvey 1981; Grove and Malajczuk 

1981). However, little effort has been given to quantify the capacity of biological N 

fixation (BNF) of different legumes or legumes in different grass/legume mixtures, and 

to study factors affecting BNF in silvopastoral system. 

Major objectives of the present study were to study N dynamics In a 

silvopastoral system by determining: 

1. the foliar N status of radiata pine and N uptake by pastures, and their dynamics 

with time; 

2. the magnitude of N input from BNF in pasture legumes and factors affecting 

BNF; 

3. changes of soil total N with time under different pasture types; 

4. relationships between N dynamics and some environmental factors (eg. soil 

moisture and temperature). 

This research consisted of two main experiments. The first experiment 

examined the foliar N status of radiata pine, N yield of pastures, their dynamics with 

time, and their relationships with some environmental factors. Changes of soil total 

N with time in different pasture types were also studied. The second experiment 

measured BNF in different legumes and legumes in different grass/legume mixtures, 

N transfer from legume to the associate grasses and N removal in herbage. 
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Growing trees together with pasture plants has many advantages (Knowles et 

al. 1991) such as reduced wind velocity which might increases pasture production 

(Fransworth 1979; Yunusa et al. 1994) and increase farm profitability (Knowles et. al. 

1991). However, at the same time there may be problems due to the a lack of 

information about interactions between trees and pasture plants as these often have 

vastly different characteristics (Yunusa et al. 1994). In a silvopastoral system, 

understorey-tree compatibility is important in order to optimise the productivity of the 

system. The productivity of a silvopastoral system is also determined by some 

environmental factors, such as soil nitrogen (N), light, soil moisture content and 

temperature. Information about plant characteristics involved in the system and their 

response to environmental condition is important. 

Exploiting the ability of each silvopastoral component to gIve a positive 

contribution to the system, such as the ability of N-fixing pasture legumes to contribute 

N, is essential to optimise the productivity of the system. However, the capacity of 

legume to fix atmospheric N2 is probably modified by the presence of trees. Little 

information is available for silvopastoral systems in New Zealand. While there are 

many methods available to measure biological nitrogen fixation (BNF) by legumes in 

the field, the 15N isotopic method is considered as the most reliable (Hamilton et al. 

1992). 
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This chapter reviews the characteristics of those plant components which are 

directly and indirectly related to N uptake, dynamics, and subsequent productivity. This 

chapter also reviews the potential by pasture legumes, and methods for measuring 

BNF. Since the information for these topics in silvopastoral system is limited, the 

review also will refer to studies conducted in pure forestry and conventional pastoral 

systems and practices. 

2.2.1. Definition and Objectives 

Agroforestry is a landuse practice and system in which woody perennials are 

deliberately grown on the same land management unit as annual crops and/or forage 

for grazing animal (Gholz 1987). It thus includes agrosilviculture (growing crops with 

trees), silvopastoral (combining trees with pasture/animal), and agrosilvopastoral 

(growing crops, pasture/animal and trees) (Boehnert 1988). Agroforestry is established 

to solve economical and ecological problems (Lai 1991). Agroforestry is practised in 

order to gain and ensure optimum economic return (Knowles et al. 1991), to minimise 

poverty (Lai 1991), and at the same time to reduce forest establishment costs 

(Chamshama et al. 1992; Brienza-Jr. and Yared 1991). From the ecological point of 

view, agroforestry may reduce soil erosion (Moench 1991), overcome ground-water 

salinity problems (Bari and Schofield 1991), improve soil structure (Garrison and Pita 

1992), and produce useful vegetation during dry season (Barrow 1991). 

Silvopastoral New JILJ'-"UJlU.JlJl'Ul 

Silvopastoral is the most common agroforestry systems found in temperate 

regions (Nair 1991). In New Zealand, silvopastoral system has been practised since late 
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1960s (Reid and Wilson 1985; Hawke 1991). The most common combination is Pinus 

radiata (D.Don) grown with ryegrass/white clover pasture (Knowles 1991). 

resources 

Light, soil moisture and nutrients frequently become the main constraints in 

silvopastoral systems (Verma 1991). The competition for light is substantial in 

silvopastoral systems. It is less important for trees (Ong et al. 1991) except in early 

stage (Balneaves 1982; Cole and Newton 1986; Mead et al. 1993) when understorey 

vegetation may overtop seedlings. On the other hand, light competition is very 

important for pasture growth, especially when the tree become larger and taller (Gholz 

1987; Hawke 1991; Sibbald et al. 1991) and with increased canopy closure (Hawke 

1991). Hawke (1991) reported when radiata pine trees were three years-old and at 50 

stems per ha (sph), pasture production was 16% higher than that of open pasture (no 

trees); but with higher tree densities (100 sph) and older trees (15 years), pasture 

production was only 32% of the open pasture. 

To overcome light competition many practices have been recommended. These 

include the application of strip spraying (Mead et al. 1993) to enhance seedling growth 

in early stage, and low tree stocking (widely spaced grown trees) to delay light 

competition (Gholz 1987; Hawke 1991; Ong et al. 1991; Sibbald et al. 1991). 

Thinning and prunning may also be used to temporarily reduce the size of tree crowns, 

but slash from thinning and prunning operations may shade pasture. 

Soil moisture considerations are important in silvopastoral systems (Davenhill 

1971; Squire 1977) and agroforestry in general (Ong et al. 1991). Competition for soil 

moisture between seedlings and grasses led to the reduction in the diameter of 

seedlings (Kingsbury 1993) and also pasture production (Davies and Jones 1992). With 
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high tree densities, soil moisture content was found to be lower than where there were 

medium or low tree densities (Eastham et al. 1990). The competition for soil moisture 

can be reduced by irrigation (Kingsbury 1993), control of pasture growth (Balneaves 

1982), growing widely spaced trees (Eastham et al. 1990), or selecting pasture species 

which are semi-dormant or dormant during the dry summer (Haines et al. 1978; 

Nambiar and Nethercott 1987). 

When soil moisture is adequate, nutrient competition, especially N, can limit 

growth (MacDicken and Vergara 1990; Dixon 1991). Nitrogen (N) is important in the 

vegetative growth of plants (Mengel and Kirkby 1982). Although fertiliser applications 

are practised to maintain or increase N status of forest soil in New Zealand (Ballard 

1978; Mead and Gadgil 1978), incorporating legumes into forest plantations is often 

a cost effective choice (Mead and Gadgil 1978; Haines et al. 1978; Nambiar and 

Nethercott 1987; Zeihm et al. 1992). 

NITROGEN DYNAMICS 

Nitrogen 

Nitrogen is one of the major factors limiting radiata pine growth (Thomas and 

Mead 1992). A wide range of research concerning N in radiata pine has been 

conducted, including studies on foliar N status and accumulation (Beet and Pollock 

1987; Thomas and Mead 1992), its seasonal dynamics (Nambiar and Zed 1980; Fife 

and Nambiar 1984), and factors affecting N status and dynamics (Madgwick et al. 

1983; Fife and Nambiar 1984; Madgwick and Mead 1990). 

Fife and N ambiar (1984) found that the foliar N of radiata pine in the first and 

second order branches show a similar pattern in seasonal dynamics. In the first 

growing season up to 1 year old, foliar N content was increased, thereafter in the 
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Figure 2.1. Dynamics of foliar nitrogen content of first (0 0) and second (0 0) 
order branches of radiata pine with time. After Fife and N ambiar 
(1984). 
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second growing season between October and January (the following spring) the N 

content decreased remarkably (Fig. 2.1). These workers suggested that the decrease 

of N content was due to retranslocation, since the needle dry weight was relatively 

constant. The foliar N dynamics was unlikely to be affected by the presence of 

understorey vegetation, especially legumes (N ambiar and Nethercott 1987), although 

the N status in the foliage probably increased. 

Foliar N concentration shows a different seasonal pattern from that of N 

content. Fife and Nambiar (1984) found that while foliar N content in the first growing 

season was increasing in spring, the N concentration was decreasing. The foliar N 

concentration increased over winter then decreased afterward. This pattern has also 

been reported by many researchers (Mead and Will 1976; Thomas and Mead 1992). 

Thomas and Mead (1992) found that needle N concentration increased over winter in 

the older foliage from 1.56 to 1.89% and then declined as the new foliage was formed. 

Factors affecting nunal:a N status 

factors 

Needle age and its position in the crown (Mead and Will 1976; Beets and 

Polock, 1987; Madgwick et al. 1983; Madgwick and Mead 1990), and genetic 

variations (Theodorou and Bowen 1993) are internal factors affecting foliar N 

concentration in radiata pine. The N in 1 year-old needle comprises the highest 

proportion of N in the tree (Madgwick 1985). Fife and Nambiar (1984) reported that 

needles in the first order branches contain more N than that in the second order 

branches (Fig. 2.1). These workers found that the needle in first order branches was 

heavier than that in the second order branches. However, the effect of position within 

the tree crown on foliar N concentration is not consistent (Morrison 1974). 
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Environmental factors which often affect radiata pine growth and foliar N status 

are nutrients, especially soil N, soil moisture, and plant competition. Soil N is a 

common limiting factor in forest plantation (Munson and Timmer 1989; Weetman 

1989) and some plantations even experience severe N deficiency (Will 1978). Nitrogen 

deficiency reduces the diameter growth of trees more than tree height (Will and 

Hodgkiss 1978). 

Water is an important factor in early stage of forest establishment, when trees 

can only tap water from a shallow depth (Butcher 1977; Sands and Nambiar 1984). 

Soil N and water availability affect needle growth (Raison et al. 1992) and interacted 

positively to increase radiata pine growth. In one experiment water alone increased 

tree growth by 60% and applying water and N increased growth by 200-300% (Benson 

et al. 1992). Seasonal drought reduces the difference in N concentration between first 

and second order shoot in radiata pine tree (Jackson et al. 1976). 

Competition between weeds and trees is important during plantation 

establishment. Weeds compete with trees for water (Barrett and Youngberg 1965) and 

nutrients (Swindel et al. 1988), and for light in the early stages of tree growth (Cole 

and Newton 1986; Nambiar 1990). Competition between trees and weeds reduced tree 

survival, growth, needle water potential, N concentration in the needle, and fascicle dry 

weight (Nambiar and Zed 1980). Weed control increased N uptake by trees (Wood et 

al. 1992). On a fertile soil, Wood et al. (1992) suggested that weed control was 

necessary up to the second growing season. 

Apart from weeds, legumes (Richards and Bevege 1967; Turvey et al. 

1983/1984; Waring and Snowdon 1985; Cole and Newton 1986) and grass (Squire 

1977; Balneaves 1982; Cole and Newton 1986) have also been reported to compete 
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with trees and depressed tree growth. The competition was primarily for water. The 

depressive effect of competition gradually decreased with increasing tree age. In the 

case of competition with clover, Waring and Snowdon (1985) reported that after the 

third growing season, the tree height increased in legume plots, and tree diameter 

growth was also increased in the fourth and fifth growing season. 

Haines et al. (1978), and Nambiar and Nethercott (1987) suggested that the 

choice of appropriate legumes to use as intercrops in forest plantations, not only benefit 

the plantation by suppressing unwanted weeds, but also increases soil total N, tree 

growth and foliage N content of trees. Ideally, the selected legumes should not 

compete with trees by being less active when trees are growing rapidly, especially 

during dry summer months. 

status tree ""''''''''''lITiI-ih 

Foliar N concentration appears to have a positive correlation with tree growth, 

as higher foliar N concentration results in better tree growth. Foliar N concentration has 

been found to show a linear correlation with tree height of Scot pine (Ley ton and 

Armson 1955), leader length of red pine (Madgwick 1964), and, in particular, stem 

volume increment (Hunter et al. 1987), and diameter breast height of radiata pine 

(Madgwick and Mead, 1990). Fagerstorm and Lohm (1977) stated that wood 

production and new needle biomass production of Scot pine were pre-determined by 

N status in the tree in the previous year. 
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Biological N fixation (BNF) plays an important role in pasture production 

(Ellison 1958; Goodman 1988) and provides a great potential for increasing forest 

productivity (Nambiar and Nethercott 1987; Zeihm et al. 1992). Biological N fixation 

has been recognised as an important silviculture tool in forestry (Gordon 1983). The 

BNF is usually provided by forage legume (Goodman 1988; Zeihm 1992) or 

leguminous trees (Danso et al 1992). 

Legumes are used to maintain productivity in low input agroforestry (no 

fertiliser applied) as well as in silvopastoral systems (Knowles 1991; Danso et al. 

1992). Danso et al. (1992) suggested the use of leguminous trees in agroforestry and 

silvopastoral systems so as to benefit from their ability to fix atmospheric N. However, 

Knowles (1991) in his review reported that for silvopastoral systems in New Zealand, 

the use of forage legume, such as lotus and white clover, is more common than 

leguminous trees. 

Forage legumes may have a high capacity to fix N from atmosphere, although 

this varies among legume species. No N fixation studies have yet been conducted in 

silvopastoral situation. Hence, the N fixation studies discussed here were mostly carried 

out in open pastures. Thus, Boller and Nosberger (1988) estimated that the percentage 

of N derived from atmosphere (%Ndfa) in red and white clover was between 86-97% 

and 63-89% respectively. The %Ndfa of 89% has been reported for white clover based 

pastures in Canterbury (Cookson et al. 1990). The %Ndfa of subterranean clover and 

lucerne has been estimated as 72-80% and 70-88% respectively (Ledgard et al. 1985b). 
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The %Ndfa of legumes In these studies was estimated uSIng 15N isotope dilution 

method. 

Soil moisture, temperature and light are important factors affecting BNF under 

field conditions (Whitehead 1970; Lie 1981). Biological N fixation has been shown 

to be reduced by drought and water-logging (Janet-Sprent and Silvester 1973; Janet

Sprent 1973; Huang et al. 1975; Lie 1981). Water stress reduced photosynthesis, as 

a source of energy for N fixation, and transpiration (Huang et al. 1975), and induced 

the formation of abnormal root hairs, (i.e. short and stubby root hairs) which are not 

suitable for nodule formation (Lie 1981). Water-logging, on the other hand, limit the 

availability of oxygen for root metabolism and growth. Huang et al. (1975) observed 

that N fixation was undetectable under flooded condition. 

High and low temperature has depressive effects on N fixation although a 

variable range of temperature can be tolerated by Rhizobia. Fewer nodules in clover 

were formed at 7°C (Roughley and Dart 1970) and above 36°C (Rohini-Kumarasinghe 

and Nutman 1979) than at other soil temperatures. Nitrogen fixation in clover increased 

three folds when temperature increased from 8°C to 22°C (Gibson 1969). Temperature 

affects N fixation through the disturbance of plant metabolism (Lie 1981), root 

formation (Rohini-Kumarasinghe et al. 1979) and Rhizobia growth and infection 

(Roughley and Dart 1970). 

Many studies have been conducted to examine the effect of light on N fixation, 

which included the effect of dark treatment (Roponen 1970; Ching et al. 1975), 

different light intensities (Bethlenfalvay and Phillips 1977), and effect of shading 

(Janet-Sprent and Silvester 1973). All these worker found that a reduction of N 
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fixation occurred in low light intensity or in a darkness. This was due to the decline 

of host plant photosynthesis, the process which produces the source of energy for N 

fixation. When lupin was grown under radiata pine, N fixation was closely related to 

the amount of light transmitted (Janet-Sprent and Silvester 1973). 

Accurate measurements of symbiotic BNF legumes are important in order to 

improve the efficiency of the fixation (Rennie 1985). Four methods are generally used 

to assess nitrogen fixation in open pastures and these include N-Difference method, 

N-Fertiliser equivalence, Acetylene Reduction Assay (ARA) and 15N Isotope method. 

The full description of these methods including their advantages and disadvantages has 

been published (La Rue and Patterson 1981; Peoples et al. 1989; People and Herridge 

1990). 

Briefly, a method to measure N fixation using N -Difference method is by 

comparing N yield of a legume with that of a non legume (La Rue and Patterson 

1981). The amount of N fixed is calculated by subtracting N yield of the non-legume 

from that of the legume, and the difference value is assumed as N derived by BNF. 

In the N-Fertiliser equivalence method, the amount of N fixed by BNF is measured by 

comparing the N yield of grass in grass/legume mixture with grass in pure stand which 

received different amounts of applied N fertilisers. The amount of N fertiliser added 

to the pure grass which increases the N yield of the pure grass equal to that of the 

grass/legume mixture is regarded as the amount of N derived from BNF (La Rue and 

Patterson 1981; People and Herridge 1990). 

Quantifying BNF using the acetylene reduction assay (ARA) relies on 

nitrogenase (i.e. N2-fixing enzyme complex) catalysing the reduction of acetylene 
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(C2H2) to ethylene (C2H4) (Peoples and Herridge 1990). To assess the amount of N 

fixed by legume, detached nodules or nodulated root are placed in an air-tight container 

containing C2H2 for a defined time, after which the sample gas is then analysed to 

measure the amount of C2H2 reduced by the nodules. The calculation of the amount 

of N fixed involves a conversion-ratio to relate the moles of C2H2 reduced and N2 fixed 

(La Rue and Patterson 1981~ People and Herridge 1990). 

The 15N isotope methods are relatively new methods which have recently gained 

favour. These methods are based on the atom %15N difference between atmospheric 

N2 and soil N (Peoples and Herridge 1990). The N-fixing plants, which are able to fix 

atmospheric N2, contain lower atom %15N compared with that of non-N-fixing plants, 

which derived all their N from soil with relatively has higher atom %15N (Fig. 2.2). 

The N-Difference and N-Fertiliser equivalent methods are limited by the fact 

that legume and non-legume plants might have different N uptake pattern due to 

different root morphology and growth pattern (La Rue and Patterson 1981). For 

example, to measure the N fixation of white clover by using phalaris as the non-legume 

plant in summer might leads to wrong estimate of the N fixation as these two species 

have different growth patterns and root morphology. White clover is a shallow rooted 

legume which is active mainly during summer, while phalaris is a deep rooted grass 

which is active during winter and early spring, and semi-dormant during summer 

(Langer 1990). 

The use of N -fertiliser tend to give an overestimate of N fixation (La Rue and 

Patterson 1981). Nitrogen fertilisers in the soil are susceptible to volatilisation and 



Figure 2.2. 

15 

Diagramatic representation of the difference of 15N/14N ratio in an N2-

fixing plant and a non-N2-fixing plant. The N2-fixing plant has low 
15N/14N ratio due to atmospheric nitrogen fixation while the non-N2-

fixing plant has higher 15N/14N ratio due to the uptake of soil N which 
has higher 15N/14N ratio than atmosphere. After People et al. (1988). 
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leaching (LaRue and Patterson 1981), and microbial immobilisation (Ledgard et al. 

1989). These three processes reduce fertiliser recovery by plants. 

Acetylene reduction assay is a simple, rapid, sensitive and relatively low-cost 

method. However, it is a short-term measurement which needs calibration ratio which 

varies among legumes, and the assay must be done immediately to maintain the activity 

of nitrogenase (People and Herridge 1990~ Ledgard and Steele 1992). Furthermore, the 

plants are usually destroyed in the assay (La Rue and Patterson 1981); long-term 

experiments are difficult to perform using this method. 

The 15N isotopic dilution method is relatively more expensive and complicated 

than the other methods described above (La Rue and Patterson 1981). However, this 

is the most reliable method to measure N fixation in the field which other methods 

should refer to (Burris, 1972; Hauck and Bremner 1976; Vose 1980; Cookson et al 

1990). Some advantages of this method are, firstly, it is independent of total N uptake 

of legume and non-legume, because this technique principally look at the ratio of 

15N/14N in the plant. Therefore, the measurement is unlikely to be affected by factors 

affecting plant N uptake. Secondly, accumulation of N fixation over a period of time 

can be assessed. 

The accuracy of the measurement of BNF USIng the 15N isotopic dilution 

method, however, can be reduced by several factors. Firstly if legume and non-legume 

plant take up N from different N sources, this may change their 15N/14N ratio (Ledgard 

and Steele 1992; Peoples et al. 1989). Figure 2.3 shows four possible situation 

between legume and non-legume plants in relation to different sources of N pool. 

Secondly, N transfer from legume to grass during the measurement can lead to 
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Illustration of four possible interaction between N-fixing plant and 
reference plant in the measurement of biological nitrogen fixation (BNF) 
related to rooting pattern. (a) the N-fixing plant has deeper rooting 
system which can take up N from deeper N pool with lower 15N 
enrichment, while (b) the reference plant has deeper rooting system than 
the N .. fixing plant. Both situation are not wanted bacause it can lead to 
the overestimate or underestimate the result. Figure (c) is the ideal 
situation where both N-fixing and reference plant take up N from the 
same N pool with similar 15N abundance. The size of blocked circles 
indicates the distribution of 15N isotope after application of 15N -enriched 
material. Figure (d) represent the natural distribution of 15N isotope in 
the soil, which is relatively uniform. After People et al. (1989). 
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underestimate of the N fixation (McAuliff et al. 1958; Ledgard and Steele 1992). The 

first limitation could be minimised by using several reference plants (Ledgard et al. 

1985c) or using slow release fertilisers (B utler 1987; Giller and Witty 1987). 

Limitation due to N transfer from legume to grass is relatively small because the 

decomposition of dead organ of legume (i.e. the first stage of N transfer) is normally 

slow. This also can be avoided by using new plot in every measurement (Boller and 

Nosberger 1988; Ledgard and Steele 1992). Furthermore, the direct N transfer from 

legume to grass can be monitored by using method proposed by Ledgard et al. (1989). 

15N isotopic ..... "." .. ,..,."" .... 11".0 ... ·...,.,..,,'"01111.0'" 

There are three 15N isotopic dilution techniques which have been used to 

measure BNF involving 15N isotope namely, 2 techniques using 15N isotope labelled 

fertilisers and a 15N isotope natural abundance technique (Hauck and Bremner 1976; 

People and Herridge 1990). The later technique is based on the fact that naturally soil 

has slightly higher 15N isotope abundance than in the atmospheric N2 (People and 

Herridge 1990; Korenikov et al. 1990). The two techniques using labelled fertilisers 

are the 15N isotope dilution enrichment technique, and the 15N isotope depleted 

technique. Those two techniques are much alike in the way the study is carried out 

except the material used to label the soil (Vose 1980). The fertilisers used in the 15N 

isotope dilution technique have 15N isotope abundance higher than 0.366 atom% (i.e. 

the 15N isotope abundance of atmospheric N2). By contrast, the 15N isotope depleted 

technique using fertilisers with lower 15N isotope concentration than natural abundance. 
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The 15N natural abundance technique does not require 15N enriched or depleted 

material, but it needs a highly sensitive and accurate mass spectrometer to determine 

the 15N isotope accurately. The 15N isotope depleted technique needs both 15N-depleted 

materials and an accurate mass spectrometer. The 15N isotope dilution technique does 

not require highly sensitivity mass spectrometer. 15N-Iabelled fertiliser and enriched 

15N materials can be easily obtained commercially. 

15N isotope 'Ul ................ 'U' ...... ItL'''(·II1iI,.. .. ~ ..... ~ .. .n 

The name of this technique is based on the fact that the concentration of 15N in 

the N2 fixing plant will gradually decrease because of the dilution by N2 fixed from 

atmosphere. This technique employs 15N-enriched material such as fertiliser, which has 

15N abundance more than the soil N background of 0.366 atom% (Hauck and Bremner 

1976) so as to enhance the 15N concentration of the soil. A reference plant (i.e. non N2-

fixing plant or non nodulated legume) is used to determine 15N absorbed from soil 

(Hauck and Bremner 1976; Vose 1980; La Rue and Patterson 1981; Cookson et al. 

1990; People and Herridge 1990). 

This technique compares the concentration of 15N in the leguminous plant under 

study with that in the reference plant grown on the same soil. It is assumed that if an 

N2-fixing and a non-N2-fixing plant are grown together in the same soil, the 

concentration of the 15N in the N2-fixing plant will be less than that in the non-N2-

fixing plant, because the concentration of 15N in the N2-fixing plant is diluted by 

unlabelled N from the atmosphere during N2-fixation. The concentration of the 15N in 

the non-N2-fixing plant is presumably the same as the 15N concentration in the soil 
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(Vose 1980). This difference in 15N between the N2-fixing and non-N2-fixing plants 

can be measured using high precision mass spectrometers which are able to 

discriminate differences in the natural abundances of 15N between these plants. 

Alternatively, the soil is enriched periodically with 15N so as to facilitate the 

measurements of 15N in these plants using routine mass spectrometers. Figure 2.4 

shows the relationship between isotopic composition of N in fertiliser and N in grass 

and clover. 

The difference in the concentration of 15N between the fixing plant and the non

fixing plant is used to determine the proportion of N in the fixing plant derived from 

atmosphere N (People and Herridge 1990; Cookson et al. 1990) as: 

%Ndfa = (1 cIa) x 100 ..... , ........ \ 

where Ndfa is N derived from atmosphere, a and care atom% 15N excesses in reference 

plant and leguminous plant respectively. Atom% 15N excess= atom% 15N sample -

atom% 15N of reference standard, which is usually atmospheric N2 gas (atom% 15N of 

atmospheric N2= 0.3663). The amount of N2 fixed is calculated (Cookson et al. 1990) 

as: 

(%Ndfall00) x .""'fiio, .... """..., •••••• (2.2) 

This method basically is based on three assumptions (People and Herridge, 

1990; LaRue and Petterson 1981). Firstly, the N in the reference plant is derived 
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Figure 2.4. The effect of atom % 15N enrichement on the isotopic composition of Nz-
fixing plant and the reference plant. Correlation coefficients for the 
regression lines were 0.994 for the reference (0) and 0.982 for Nz-fixing 
plant (C). After Ledgard et al. (1985d). 
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totally from the soil, so the 15N/14N ratio in the plant is the same as that of plant 

available soil mineral N. Secondly, the N2-fixing and non-N2-fixing reference plant 

explore a soil N pool of identical 15N/14N abundance (Fig. 2.3). Thirdly, the isotope 

incorporated into the soil N is equally available to both plants. 

measurement 

Since 15N labelled materials are relatively expensive (Vose 1980), researchers 

used small plots with two or more replications to assess N fixation using 15N isotopic 

techniques including 15N isotope dilution technique. Field plots used generally consist 

of a central plot (or a microplot), and an outer area (i.e. a boundary plot). The size and 

the shape of the plots has varied among researchers. Goodman (1988), for example, 

used a circular plot of 0.06 m2 area, while others have used quadrilateral plots of 0.08 

to 0.9 m2 (Goh et al. 1978; Ledgard et al. 1985b; Boller and Nosberger 1988; Reichard 

1990). Quadrilateral plots are generally preferred. 

In using the 15N isotope dilution technique, the N2-fixing plant (legume) is 

grown together with the reference or non-N2-fixing plant (grass or weeds or non

nodulated legumes) in the same site (People and Herridge 1990) or occasionally planted 

separately (Hamilton et al. 1991). Most N fixation studies using this technique grew 

legume and reference plant on the same site or used established pastures contained both 

the legume and the reference plants (Cookson et al 1990). 

To fulfil the second assumption of People and Herridge (1990), care should be 

taken when choosing the reference plant. Ledgard et al. (1985c) found that annual 

ryegrass (Lolium rigidum Gaud.) and phalaris (Phalaris aquatica L.) gave different 
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estimation of N fixed by clover. However, sometime researchers do not have much 

alternative in choosing the reference plant for BNF studies (Cookson et al. 1990), 

especially in established experimental fields such as in established pastures, in which 

grass and legume species were chosen for agronomical reasons. 

If the study is done in an established pasture, grass and legume are harvested 

to a height of 1-3 cm above ground (Goh et al. 1978, Danso et al. 1991) prior to the 

application of lsN isotope. lsN isotope can also be applied after sowing the grass and 

legume seeds (Hamilton et al. 1991) . 

.... .n. .................. of 

A number of forms of lsN-labelled material have been used to measure N 

fixation using the lsN isotope dilution technique. Reichard (1990) used lsN -labelled 

urea while others (Vallis et al. 1967; Boller and Nosberger 1988; Goodman 1988; and 

Danso et al. 1991) used lsN -labelled ammonium sulphate. Organic materials enriched 

with lsN isotope including lsN-labelled soil organic matter (Butler 1987; Giller and 

Witty 1987) and nitrate forms (eg. Na1SN03, CactSN03)2' and K1SN03) have also been 

used (Goh et al. 1978, Ledgard et al. 1985b; Cookson et al. 1990) to assess N fixation. 

However, ammonium sulphate was likely more preferable (Chalk 1985). 

The use of organic materials could cause uneven distribution and immobilisation 

of the lsN isotope (Giller and Witty 1987), but lsN-labelled organic matter was chosen 

as it released lsN slowly to maintain a constant pool of lsN in the soil (Chalk 1985). 

Both nitrate and ammonium are readily available form of N for plant and ammonium 

is more resistant to leaching than nitrate (Mengel 1992). Hence, using ammonium 
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forms in a high rainfall areas as in the tropics, irrigated areas or during the season with 

high rainfall as in winter are likely to be more beneficial than nitrate forms. 

The proportion of 15N used to label the pasture varies from 1.5 (Boller and 

Nosberger 1988) to 66 atom % 15N excess (Ledgard et al. 1985b). This depends on the 

sensitivity of mass-spectrometer used and the longevity of the experiment. Although 

15N is a stable isotope with no half life, with time the 15N enrichment applied becomes 

diluted with fixed N from the legume. Hamilton et al. (1992) reported that the 15N 

enrichment declined with time and the depletion was rapid after application, and 

become slower after several days. These workers found that with 41.4 atom% 15N 

enrichment, the level decreased to 0.5-1 atom% 15N after 103 days. 

Contrary to the 15N enrichment, the actual amount of the labelled N fertiliser 

added to the microplot should be low to avoid the depressive effect of N fertiliser on 

BNF (Cookson et al. 1990~ Hamilton et al. 1991; Danso et al. 1991; Ledgard and 

Steele 1992). Goh et al. (1978) used a rate of 3.6 kg N ha-1 year-1 of a labelled 15N 

fertiliser. To avoid the depletion of 15N abundance during the experiment, repetitive 

small amounts of labelled N fertiliser were applied at intervals (Goh et al. 1978; 

Cookson et al. 1990). 

legume to associated grasses 

M€~aSllreJtne)lt of ... "' ......... " ...... _ to associated grasses 

One of the main purposes of growing legume together with grass is to enhance 

the growth of the associated grasses which benefited from the transfer of fixed 

atmospheric N2 from the legume. Simpson (1976) observed that grass grown with 
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clover showed higher N yield than grass grown alone or in monoculture. Goodman 

(1988) reported that white clover plants transferred 42 kg N ha-1 to the associate 

perennial ryegrass during the summer. 

The 15N dilution technique has been employed to determine the proportion of 

grass N derived from the transfer. Barea et al. (1989) suggested that the 

proportion of grass N obtained from transfer (%NdfTrans) can be calculated using 

equation (2.2): 

(1 gm/ga) x % ............. (2.3) 

where gm and ga are the atom %15N excess in grass mixture and grass alone 

respectively. The calculation of the %atom 15N is similar to that in BNF study 

(equation 2.1). Similar to equation (2.2), the amount of N of grass mixture obtained 

from transfer (ANtrans) can be calculated as in equation (2.4): 

ANtrans= (%NdITrans/l00) x N grass ............ fA"' ........ 

associated grasses 

There has been a controversy over the mechanism of transfer of N from legume 

to grass, and the definite mechanism has not been fully understood (Haystead and Carol 

Marriott 1979). Some researchers consider the N transfer is through root excretion 

(Ledgard et al. 1985a; Ta and Faris 1987). In pot and field experiments conducted by 

Ledgard and his co-workers (1985a), legumes were labelled with foliar N fertiliser 
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enriched in 15N isotope to observe the direct N transfer from legumes to grasses. These 

workers found that in the pot experiment, 26 days after treatments, 2.2% N of clover 

was transferred to the associated grasses. However, Ledgard et al. (1985a) did not 

notice any N transfer after 36 days in the field trial. Most researchers agreed that the 

transfer of N from legume to grass is mainly through the mineralisation of dead organs 

of legumes (Butler et al. 1959; Simpson 1976; Haystead and Carol Marriott 1979; 

Goodman 1988). Haystead and Carol Marriott (1979) noticed that there was a 

substantial increase in soil micro-organism number and activities following defoliation 

of clover prior to the N transfer from legume to grass. 

In the field situation, Ledgard et al. (1985a) supported the possibility that the 

major N transfer happened due to plant senescence. Thus factors affecting N transfer 

are factors affecting plant senescent, as an early stage toward transfer, and 

decomposition and mineralisation by which organic N from dead organs of legumes are 

transformed into plant-available soil inorganic N. These factors include plant 

defoliation, soil moisture, temperature and light (Butler et al. 1959; Evans 1973; 

Sarathchandra and Upsdell 1981; Berg et al. 1987). Some researchers have reported 

about the loss of roots from white clover (Trifolium repens ), red clover (Trifolium 

pratense L.) and lucerne (Medicago sativa L.) were due to defoliation (Butler et al. 

1959; Ta and Faris 1987; Evans 1973) and shading (Butler et al. 1959). It is probable 

that both defoliation and shading reduced photosynthesis and the carbohydrate supply 

to roots (Butler et al. 1959). 

Temperature and moisture mostly affect the rate of N mineralisation. 

Sarathchandra and Upsdell 1981 claimed that organic N mineralisation was one of key 
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mechanisms of N transfer. In laboratory conditions, decomposition was found to be 

slow at 8°C and the rate increased at 25°C (Sarathchandra and Upsdell 1981). A lower 

optimum temperature (22°C) for the decomposition of red clover roots has been 

reported by Berg et al. (1987). In optimum conditions (i.e. favourable moisture and 

temperature), grass and legume roots have been found to decompose rapidly in the first 

two weeks (Whitehead et al. 1979~ Berg et al. 1987). 

of grass 

systems. 

A number of grass and legume species have been used in agroforestry systems 

(Charlton 1985). Most common species used included white clover, red clover, 

perennial ryegrass, cocksfoot and phalaris. Growing lucerne under radiata pine stand 

has been tried but the result has not been satisfactory (Gadgil et al. 1986). The 

information about grass and legume species under agroforestry system is limited 

(Charlton 1985; Hansen 1988). 

Grass species 

Perennial ryegrass (Lolium perenne L.) is a native of temperate areas of Europe 

and Asia (Anonymous 1975) and it is the most common grass used in New Zealand 

pastures (Harris 1968). It has a shallow rooting system and therefore its persistence 

is very critical in the dry summer period (Anonymous 1975). However, "Yatsun" 

perennial ryegrass is a cultivar which is suitable for summer and autumn dry regions 
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(Kerr 1987). Perennial ryegrass can adapt to a wide range of soil types but it has high 

N requirement (Anonymous 1975). Commonly, ryegrass is sown together with clover, 

usually white clover (Trifolium repens L.) (Belgrave et al. 1990; Maloney 1991), or red 

clover (T. pratense L.) (Anonymous 1975). 

Cocksfoot (Dactylis glomerata L.) IS a perennial grass, native to Europe 

(Anonymous 1975) and the second most commonly used grass in New Zealand 

pastures (Harris 1968; Barker et al. 1985). Its root system is fibrous and the tillers are 

flattened (Anonymous 1975). Its production is high in late spring and persists into 

summer (Anonymous 1975) and remains active during winter (Maloney 1991). 

Cocks foot is well adapt to moderate fertility and low soil moisture (Langer 1990), and 

grows well under shade (Anonymous 1975 and Barker et al. 1991). It is suggested by 

Barker (1991) that 'Wana' cocksfoot is a cultivar of cocksfoot which is persistent and 

productive in autumn and winter. 

Phalaris (Phalaris aquatica L) is a deep rooted grass, which can grow up to 90 

cm depth in the soil profile (McKenzie et al. 1990). Thus, it can tolerate low rainfall 

or drought and withstand hot dry summer and cold winters (Anonymous 1975). Its 

productivity is high in spring (Langer 1990) and becomes less productive (Anonymous 

1975) and semi-dormant (Langer 1990) in the hottest period of summer (January and 

February in Canterbury). In hill countries, 'Maru' phalaris is productive in winter, 

spring and summer (Stevens et al. 1989). 
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The presence of legumes in pasture is very important. Legumes increase 

pastures nutritive and feeding values for grazing animals (Thomson 1984) because they 

have a higher protein content than grass (Sheldrick et al. 1987). In addition, legumes 

in the pasture may save the cost of N fertilisers and protein supplements (Sheldrick et 

al. 1987). Furthermore, some researchers reported that compared with grass, legumes 

increased the liveweight of sheep and cattle (Thomson 1984 and Davies et al. 1992), 

milk production of dairy cows and animal performance (Sheldrick et al. 1987) and 

reduced fat content of carcases (Sheldrick et al. 1987). Sheldrick et al. (1987) 

suggested that legumes reduce the requirement of N fertiliser, this may reduce the flow 

of nitrate to water courses. Legume tissues decompose faster than grass which 

accelerate the availability of mineral N in the soil. However, at the same time this 

accelerates the N lost from soil (Steele and Vallis 1988). 

White clover (Trifolium repens L.) is a shallow rooting legume (Ledgard and 

Steele 1992) which is widely used in New Zealand pastures (Maloney 1991). It 

remains productive from spring to early winter (Langer 1990), except in dry summer 

(Vartha 1975). White clover plants prefer soil with pH above 5.5 (Sheldrick et al. 

1987). 

Red clover (Trifolium pratense L.) has a strong and well developed tap root 

which enables the plant to adapt to low soil-surface moisture (Anonymous 1975 and 

Langer 1990). It prefers soil with pH between 5.8 to 7.5 (Sheldrick et al. 1987). Red 

clover is productive from early spring to early autumn, reaches its maximum 
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production in summer, and has a poor growth in autumn and winter (Anonymous 

1975). 

Lucerne (Medicago sativa L.) is the most important forage legume in the world 

(Sheldrick et al. 1987) and is also widely used in New Zealand pastures (Douglas 

1986). It is well adapted to dry conditions (Hayman 1985 ~ Sheldrick et al. 1987; 

Langer 1990; Baars et al. 1990) probably because it has a very deep rooting system 

which can grow to a depth of more than 100 cm in the soil profile (McKenzie et al. 

1990). Lucerne is productive from spring up to autumn, and reaches its peak in 

summer (O'Connor et al. 1968; Anonymous 1975). Its production is reported as being 

low in winter and early spring (McKenzie et al. 1990). Lucerne has a very high 

transpiration rate in the early growth stages which exceeded the dry matter production 

(Sheehy et al. 1984). Lucerne prefers a soil with pH of at least 6.0 (Sheehy et al. 

1984; Sheldrick et al. 1987), and for nodulation it needs soil pH not less than 6.2 

(Sheldrick et al. 1987). 

Factors nitit .... .n1l"'.,.,..nr ,.,..,.",1t~,,~ .. .n growth 

factors 

Root and shoot morphology, plant genetics, growing pattern, and plant age are 

the internal factors affecting the adaptability of pasture species which eventually 

determine pasture growth and N uptake. Lucerne is a deep rooted species which is 

found to be well adapted to dry conditions (Hayman 1985 ~ Sheldrick et al. 1987; 

Langer 1990; Baars et al. 1990). Therefore, it is expected to have higher dry matter 

yield than other pasture species in dry areas (Hayman 1985). On the other hand, 
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perennial ryegrass has a shallow rooting system that causes its persistence and 

production to be come critical in dry conditions (Langer 1990). Lucerne and red clover 

has erect stems which give them to have more access to light. In grass/legume 

mixtures, these species are likely to be more competitive for light than the prostrate 

white clover. 

Differences in production among white clover (Rosemary-Collins 1991) and red 

clover (Sheldrick et al. 1980) genotypes has been reported. Production differences 

among white clover are a result of substantial differences in leaf size and root 

morphology (Caradus 1981a). For example, "Ladino" white clover has large leaves 

with a tap root which is likely to adapt better to low soil moisture (Caradus 1981a) 

while "Hill Country" white clover has more fibrous and shallow rooting system which 

might be better adapted to low soil nutrients (Caradus 1981 b). 

It is well known that there are differences in growing pattern among pasture 

species (Anonymous 1975; Langer 1990). Phalaris, for example, has high production 

during winter and early spring when clover are normally dormant. By contrast, it is 

semi-dormant during hot summer when clover is actively growing (Langer 1990). 

Pasture dry matter yield is also modified by plant age (Sheldrick et al. 1980). 

Sheldrick and his co-worker (1980) found that red clover and red clover/perennial 

ryegrass mixture annual productions in the first year (with 3 harvest times year-I) were 

16 and 18 ton ha- I respectively, but they became, respectively, 4 and 8 ton ha-l in the 

third year (Table 2.1). 



Important environmental factors which affect pasture production are light, 

temperature, available soil N (O'Connor et al. 1968) and rainfall (Rickard 1968). 

Generally, pasture production is high in spring when temperature and soil moisture 

are relatively high then gradually decreases and reaches the lowest yields in winter 

(O'Connor et al. 1968). Although during winter, rainfall is high, light and 

temperature are low (O'Connor et al. 1968) thus inhibiting pasture production. 

Pasture management, including planting system (monocultures vs mixtures) and 

annual harvest time, are also important (Sheldrick et al. 1980). Sheldrick and co-

workers (1980) found that the annual dry matter production of red clover/ perennial 

ryegrass mixed pastures was higher than that of red clover monoculture, and five 

harvests per year resulted in lower annual dry matter production compared with only 

three harvests per year (Table 2.1). 

Table 2.1. 

Cut/year 

3 
4 
5 

Mean dry matter yield (t ha-1
) for pure red clover and red 

clover/perennial ryegrass mixture in three harvest years and in 
different cut per year. 

Pure red clover Red clover + perennial 
ryegrass 

Harvest year 

1 2 3 1 2 3 

16.4 12.6 3.7 18.1 15.0 8.4 
1l.9 9.0 3.2 14.6 12.5 7.7 
9.0 5.8 4.2 12.8 10.1 7.7 

Source: Sheldrick et al. (1980). 
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With clover, shading has been shown to significantly reduce branched nodes and 

mean number of leaves per branch (Thomson 1993), shortened the life of leaves (Jane 

Woledge and Dennis 1983). With perennial ryegrass, shading reduced shoot and root 

dry weight and number of tillers (Vartha 1973). Jane Woledge and Dennis (1983) 

suggested that these might be caused by the reduction of leaf photosynthesis. 

Temperature of soil and at the level of the shoot apex (Peacock 1972; Atkin and 

Barton 1972) has been found to influence plant growth. The leaf extension of 

perennial ryegrass was rapid at between 8 to 12°C (Peacock 1972), and a possible 

cause of the high growth rate at high temperatures is increased activities of growth 

stimulator (cytokinin and gibberellin) activities and the decline in the activities of the 

inhibitor (absisic acid) (Atkin and Barton 1972). Furthermore, Robson (1971) noticed 

that there was a change in partitioning of assimilates in response to temperature 

changes. At high temperatures, more carbohydrate was allocated to shoots than which 

root. Pasture production is usually determined by the shoot dry weight; thus any 

factors which stimulate shoot growth and production, increase pasture production. 

Low soil moisture has been shown to limit pasture growth. Vartha (1975) 

found that low soil moisture in summer reduced dry matter production of perennial 

ryegrass. However, the resistance of pasture plants to low soil moisture varies among 

species. For example, lucerne is more tolerant of drought than red clover (Garwood 

and Gowman 1972). Not only drought, but also water-logging, may limit pasture 

growth because it retards root growth and reduces functioning (Tyson et al. 1992). 
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The silvopastoral systems have long been practised in New Zealand (Reid and 

Wilson 1985; Hawke 1991) with radiata pine usually grown with white clover/ryegrass 

pastures as understorey vegetation (Knowles 1991). Information is limited on 

performance of pasture plants, other than white clover/ryegrass, N and growth related 

to the presence of trees and vice versa, and the magnitude of N input from BNF in 

silvopastoral situation. Soil N and moisture, temperature and light are important factors 

limiting growth of both pasture plants and trees. 

Different pasture species have different characteristics, therefore this potentially 

affects their response to the changes in environment under silvopastoral systems. 

Quantification of BNF is important in order to optimise BNF capacity and to determine 

factors which might reduce the potential capacity of N fixation. Many methods can 

be used to measure BNF including 15N isotopic method; however, not many 

measurements have been conducted in silvopastoral system. The 15N isotopic method 

is the most reliable method to measure BNF in the field. 

Red clover, lucerne, cocksfoot and phalaris have outstanding characteristics 

although they differ in many respects. They have high productivity and good 

adaptation to adverse conditions such as low temperature and soil moisture content. 

Red clover and lucerne have a high potential to supply N to the system due to their 

ability to fix atmospheric N2• More research on these species in silvopastoral systems 

are required for increasing the productivity of the system. 
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Competition for light and moisture is an important issue in silvopastoral system 

(Davenhill1971~ Squire 1977; Balneaves 1982; Cole and Newton 1986; Eastham et al. 

1990; Yunusa et al. 1994a). Competition for these two environmental factors often 

lead to the decline of tree and pasture productivities. Beside light and moisture, soil 

N is also important factor which determines plant growth and productivity (Mengel and 

Kirkby 1982) including pasture plants (O'Connor et al. 1967). Clinton (1990) using 

15N -labelled fertiliser concluded that in a silvopastoral system, radiata pine grown on 

ryegrass/white clover pasture there was competition for soil N between young radiata 

pine trees and pasture plants. Therefore, a study on moisture and N interaction in 

silvopastoral system is important. Unfortunately, not much attention has been given 

to this topic (Clinton 1990). 

Other environmental factors such as temperature has been known to govern 

plant production in open pastures (O'Connor et al. 1967; Peacock 1972; Atkin and 

Barton 1972). Pasture plants can tolerate a wide range of temperatures. For example, 

phalaris can actively grow during cold winter (Langer 1990). Clover, on the other 

hand, prefers warm summer to grow (Langer 1990). This can give different effects to 

tree growth when they are planted together. The effects could either reduce tree 

growth or N uptake or both. Hence, dynamics of pasture growth and N uptake need 
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to be investigated with the aim of finding suitable pasture species or mixtures for 

silvopastoral system. Several studies on the survival of different pasture species under 

radiata pine have been conducted (Percival et al. 1988~ West et al. 1988). However, 

the productivity of pastures and interactions with trees have not been investigated 

(Charlton 1985; Hansen 1988). 

Nambiar and Nethercott (1987) found that lupin increased the concentration of 

total N and mineral N in the soil. As a result, the concentration of foliar N of trees 

increased when grown with lupin. Incorporating legumes in silvopastoral system is 

expected to improve N status and growth of trees. Unfortunately, legumes are also 

potential competitors for other resources such as soil moisture (Richards and Bevege 

1967~ Turvey et al. 1983/1984; Waring and Snowdon 1985~ Cole and Newton 1986). 

Thus selecting legumes used for silvopastoral system is essential (N ambiar and 

Nethercott 1987; Zeihm et al. 1992). Again in silvopastoral system, this has not been 

given much attention. 

Main objectives of this study were to determine: 

1. foliar nitrogen dynamics of radiata pine trees grown with different pastures 

compared with that grown in the bare ground control; 

2. dynamics of pasture production and N yield with time under silvopastoral 

system as affected by changes in environmental factors; 

3. effects of different pastures on soil N status. 
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The present study was conducted at the Lincoln University Agroforestry Trial 

located at about two kilometres from the Lincoln University campus (Mead et al. 

1993). The trial covers 6.3 ha and was established in July 1990 on a Templeton silt 

loam soil (Dystric Ustochrept) with average annual rainfall of about 666 mm. The trial 

consisted of two parts. Part A contained trees, and part B open pastures which acted 

a control for assessing pasture performance (Fig. 3.1). The N dynamics experiments 

were conducted in part A. 

The part A trial was a split plot randomised complete block design with three 

replications. Mainplot treatments consisted of 5 contrasting pasture types and a bare 

ground (Table 3.1) which was randomly arranged as in Fig. 3.2. The 5 subplots were 

5 different genotypes of radiata pine (Table 3.1). For this study only sub-plots 

containing clone 3 were used. 

Pasture treatments were sown in the spring of 1990 except for the pure ryegrass 

treatment which was sown in winter 1992 to replace Maku lotus plants which failed 

to establish. The bare ground plots were kept weed free by regular spraying with 

Versatill at a rate of 2 I ha- 1 and Gallant at a rate of 2.5 I ha- 1
• Pastures were harvested 

regularly and were used to make silage. 

Time domain reflectometry (TDR) was employed to measure soil moisture 

content (Morgan 1991) across a space between two rows of trees which was randomly 

chosen under clone 3 in three mainplot treatments (i.e. ryegrass/clover, lucerne and 

bare ground). 



Figure 3.1. 
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Lincoln University Agroforestry trial consisted of part A contained trees 
and part B open pastures. 



(T) 

Ryegrass/ Cocksfootl Phalaris/ Ryegrass Lucerne Bare ground 
clover cover clover 

p s/ cerne Ryegrass/ Cocksfootl Bare ground Ryegrass 
cover clover clover 

I 

Cocksfoot! Ryegrass Bare grou Lucerne Phalaris/ Ryegrass/ 
clover clover clover 

Figure 3.2. The of main-treatments of Lincoln iversitv agroforestry 
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Table 3.1. Main plot and sub-plot treatments In part A Lincoln University 
agroforestry trial. 

Main plots Sub-plots 

No. Treatments No. Treatments 

1. Bare ground 1. Clone 1 - set 38/6 
(no understorey vegetations) half sib of "850" clone 55 

2. "Maru" phalaris + clover 2. Clone 2 set 38/203 
half sib of "850" clone 55 

3. "Wana" cocksfoot + clover 3. Clone 3 set 11/8 
full sib of "875" clones 7x292 

4. "Yatsun" perennial ryegrass + 4. Clone 4 - set 38/9 
clover half sib of "850" clone 55 

5. WL320 lucerne 5. Seedlings 
"850" open pollinated seed (GF 
14) 

6. "Yatsun" perennial ryegrass 
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Soil moisture data in this study was extracted from soil moisture measurements 

taken fortnightly at the Agroforestry Trial using TDR under clone 3 in ryegrass/clover, 

lucerne and bare ground plots. Data were summarized monthly from July 1992 to 

August 1993. No data were available for May 1993. 

Rainfall and air temperature data were extracted from the "Monthly Climate 

Summary" provided by Climate Research Unit at Lincoln University. 

There were two different experimental designs involved in the study. The 

experiment for foliar N dynamics of radiata pine (radiata pine study) was a randomised 

complete block design with 6 mainplots (5 ground cover treatments and a bare ground 

control) with three replications. 

For pasture N uptake and dynamics study (pasture study), the experiment was 

arranged in a split plot, randomised complete block design with three replications. 

There were 5 mainplots (ground cover treatments) and 3 sub-plots. The subplots 

represented different position between two rows of trees. These were at the south side 

of a row of trees (S), at the middle between two rows of trees (M), and at the north 

side of a row of trees (Nt) (Fig. 3.3). Each sub-plot was 1.285 m x 1.18 m and 

consisted of two parts; a microplot (l m x 0.3 m) in the middle of the plot and a 

boundary plot surrounding the microplot (Fig. 3.4). Where soil moisture measurement 

devices were installed, each sub-plot was placed approximately 0.5 m from the TDR. 

Soil N changes experiment (soil study) was also a split plot, randomised 

complete block design with 6 mainplots (5 ground cover treatments and a bare ground 
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0.3 m 

1 m 

1.18 m 

The layout of a nitrogen fixation plot which consist of a microplot 
at the centre (A) and a boundary plot surounding the n1icroplot (B). 
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control), 2 sub-plots and 3 replications. The sub-plots were the sub-plots of the pasture 

study except the S and Nt sub-plots soil samples were bulked. 

Foliage samples of radiata pine were collected at 2 monthly intervals starting 

from July 1992 to May 1993 (6 sets of samples) from first order marked whorls (Fig. 

3.5,A). In March 1992 foliage samples were collected from second order branches 

(Fig. 3.5,B) to assess the N status of radiata pine. In order to study the relationship 

between foliar N concentration in older foliage (spring 1991 foliage studied) and that 

in current growth foliage (formed in Spring 1992) in March 1993 (Autumn 1993) and 

May 1993 (Winter 1993), foliage samples were collected from current growth foliage 

(Fig. 3.5,C) which extended from the previous sampled (Fig. 3.5,A) branches of the 

previous study (Fig. 3.5). Each sample consisted of 100 fascicles with five fascicles 

being taken from each tree. 

trees 

Height and diameter data (July 1992 and July 1993) of clone 3 trees were 

extracted from the trial data set collected in other studies associated with part A. In 

July 1992 trees were measured for height and collar diameter. Height was measured 

from the base of the tree up to the highest point of the leader shoot. The measurement 

of angles was applied to the toppled trees. Collar diameters were measured 5 cm from 

the ground. 



( 1 ) 

Figure 3.5. 

(2) 

Order of branches of radiata pine (1) and the posItion of foliage 
sampling (2). A= position of foliage sampling for spring 1991 foliage 
from July 1992 to May 1993; B= position of foliage sampling in March 
1992; C=position of foliage sampling for spring 1992 foliage in March 
and May 1993. 
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In July 1993 measurements were conducted using the same procedure as that 

in July 1992. In addition to total height and collar diameter, diameter of tree at breast 

height (DBH) was also measured. 

Pasture plots were harvested 5 times a year during the study period (October 

1992 or early Spring, December 1992 or late Spring, January 1993 or Summer, April 

1993 or Autumn, August 1993 or Winter). This corresponded to pasture growth 

durations of 52, 52, 52, 87 and 122 days respectively. Pasture was cut to 

approximately 5 cm above ground using a manual or electric hand clipper. 

Samples for total Nand 15N determination were taken from a central strip (5 cm 

wide) of the microplot (Fig. 3.4). These sample were dissected into grass and legume 

components for analysis of total N concentration and atom %15N. For the 

determination of pasture botanical composition, samples were taken from the remained 

of each microplot. Results from the remained areas of each microplot and that of the 

central strip for grass and legume components were combined in the estimation for the 

botanical composition of the pasture. In the lucerne plot, grass was excluded from the 

calculation of the botanical composition for that plot because the grass has been 

deliberately planted in the microplot as a reference plant for N fixation assessments. 

Samples used for determining pasture dry matter production (DMY) in each N fixation 

plot were taken from the boundary plot (Fig. 3.4). 
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Soil samples were taken in April 1992 and April 1993 from the N fixation-plots 

about 20 em away from the 15N plots (Fig. 3.1). Samples were taken at two soil depths 

(0-10, 10-20 em). Two cores from each depth were taken in S and Nt sub-plots and 

were bulked according to depth, mainplot and replicates. Four cores were taken from 

M sub-plot from each depth and then bulked. Bulked soil samples from S and Nt sub

plots were designated as "Side" samples, and samples from M sub-plot was called as 

"Middle" samples. 

analysis 

Total N in foliage of radiata pine, total Nand 15N content of pasture legumes 

and grasses were determined using a commercial continuous flow C-N analyser, 

connected to an isotope ratio mass spectrometer (ANCA-MS, Europa, U.K.) after 

samples had been dried at 60°C for 48 hours and ground through a Cyclotec 1092 

sample mill. The dry weight of fascicle, legumes and grasses were recorded before 

grinding. Pasture samples were dried at 60°C for 48 hours and weighed for DMY 

determination. 

Soil samples were air dried, sieved to pass 2 mm sieve then ground using a soil 

grinder (N.V. Tema type T250) for 1 minute. Total N of soil was determined using 

the same method as that used for the analysis plant total N as described above. 
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Statistical analysis of data was carried out using Statistical Analysis System 

(SAS) package (SAS Institute Inc. 1987) including the analysis of variance (ANOV A) 

and comparisons among treatment means or between treatment means and control. 

Dunnett's test was used to determine the difference between treatment means and the 

control in the radiata pine study, and means between main-treatments of soil study. 

Tukey's studentized range test was utilised to test the difference among means of main

treatments and sub-treatments of pasture study. Finally, least-significant-difference 

(LSD) test was used to compare means of sub-treatment of soil study. 

Soil across 

between rows of trees. 

Soil moisture dynamics in the topsoil (0-20 cm) are shown in Figure 3.6. 

Highest soil moisture content occurred in winter and lowest level in early autumn. Soil 

moisture contents were occasionally affected by pasture treatments, but consistently 

affected by position from trees (Figs. 3.6 and 3.7). During the spring, soil moisture 

content under lucerne significantly exceeded that under bareground and ryegrass/clover 

(Fig. 3.6). However, by mid summer up to early autumn, soil moisture contents under 

ryegrass/clover were significantly lower than under bare ground and lucerne. 
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I I I 

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
I 1992 I 1993 I 

Topsoil moisture content under ryegrass/clover, lucerne, and bare ground 
control treatments during the study period. Only significant results from 
Dunnett test are shown. 
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I I I I 

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
I 1992 1993 I 

Topsoil moisture content at different pOSItIon from trees during the 
study period. S=south side of trees; M=midway between two rows of 
trees; Nt= north side of trees. Only significant results from Tukey test 
are shown. 
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Soil moisture in sub-plot was significantly higher than that in S and Nt sub-

plots (Fig. 3.7). Soil moisture content under Nt sub-plot was higher than under S sub

plot in spring and winter. 

During the study period, there was annual and seasonal variations in rainfall, 

degree day, grass minimum temperature and soil temperature (Table 3.2). Rainfall in 

summer 1992 was lower than that of and summer 1993 which was cooler than summer 

1992. Winters in 1992 and 1993 were characterised as wet and cold seasons with 

average rainfall of 95 and 77 mm respectively and daily mean equivalent degree total 

of 33 and 34°C days respectively. 

levels 

The spring 1991 foliage was mainly used to study N dynamics in radiata pine 

foliage. The spring 1992 foliage was used to compare levels of N with that in the 

previous year. Fascicle dry weight, N concentration and content were measured to 

follow the effect of pastures on radiata pine. 

Foliage 

Foliage dry weight of pine trees grown with pastures were lower than these in 

the bare ground control (Fig. 3.8). However, only lucerne and phalaris/c1over 



treatments were statistically lower than the control and on average the reduction in 

fascicle dry weight of radiata pine were 220/0 and 12%, respectively. 

Dry weight data of treatments and control showed a similar pattern with two 

peaks which occurred in September (2nd spring) and the following March (autumn) 

(Fig. 3.8). Between these peaks changes in fascicle weight are relatively small 

compared to the rapid growth of fascicle that occurred between March 1992 (autumn) 

and September 1992 (spring) (Fig. 3.8). 

Foliage N concentration of radiata pine in the control was higher than that in 

the pasture plots (Fig. 3.9). However, these differences were significant only in 

September 1992 when foliage N concentration of radiata pine grown with 

cocksfootlclover was lower than that of the bare ground control. 

A large reduction of foliage N concentration occurred in all treatments and 

control between November 1992 (late spring) and January 1993 (summer) (Fig. 3.9). 

These reduction ranged from 32% in phalaris/clover to 44% in ryegrass treatments. 

Foliar total N content of radiata pine in the bare ground control was tend to be 

higher than that of radiata pine grown with pasture treatments (Fig.3.10). However, 

the differences were not significant except for N content of radiata pine grown with 

lucerne and phalaris/clover in November (late spring). In November, the average of 

foliar N content of radiata pine was reduced by 24 and 220/0 in lucerne and 

phalaris/clover treatments, respectively (Fig. 3.10). 



Table 3.2. Some climatic variables during the study period at Lincoln 
University, New Zealand.# 

Month 

1992 January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1993 January 
February 
March 
April 
May 
June 
July 
August 

Heat Temperatures (OC) 
accumulation 

Degree## 
days 
(OC days) 

301 
238 
195 
108 
64 
24 
50 
26 
50 

115 
207 
217 
248 
216 
195 
III 
84 
71 
28 
33 

Grass 
lll1nlmUm 

8.2 
6.7 
3.9 
2.1 
-0.1 
-2.3 
-0.3 
-0.3 
l.2 
4.9 
7.4 
8.4 
8.6 
8.8 
6.7 
4.7 
2.3 
l.6 
-l.1 
-l.2 

Soil 
10 cm 

16.1 
15.8 
12.7 
9.0 
5.4 
2.3 
2.5 
3.3 
5.3 
8.6 
12.3 
13.6 
14.6 
14.2 
12.9 
9.3 
6.5 
4.9 
2.9 
4.5 

Rainfall 
(mm) 

28 
34 
10.2 
46.6 
107.2 
56.6 
63.0 
166.8 
74.2 
81.2 
45.8 
55.4 
61 
44 
62.6 
7l.8 
92.4 
46.4 
13.8 
16.8 

#Source: Climate Research Unit Lincoln University. ## monthly degree day total. 
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Foliar N content also declined sharply between November (late spring) and 

January (summer) (Fig. 3.10) ranging from 340/0 in phalaris/clover to 450/0 in ryegrass. 

In March 1993 (spring) both N concentration and content of radiata pine in the 

bare ground control treatment were significantly higher than that in the pasture 

treatments (Table 3.3). However, by May 1993 there was no significant differences 

in N concentration and content (Table 3.3). 

Fascicle dry weight followed a different pattern. In March 1993 there were no 

differences between fascicle dry weight in the control and treatments, but by May 1993 

the bare ground trees had heavier fascicle (Table 3.3). It is apparent that in the 

intervening period the bare ground treatment increased by about 11 mg/fascicle, the 

cocksfootlclover and ryegrass by about half this amount, while the other treatments did 

not alter greatly (Table 3.3). 

Both N concentration and content of spring 1992 foliage in March and May 

1993 were higher compared with that of spring 1991 foliage which were sampled at 

the SAME TIME (March and May 1993). For example, foliage N content of spring 

1991 foliage of the bare ground control were 0.98 and 1.05 mg/fascicle in March and 

May 1993 respectively (Fig. 3.9), while spring 1992 foliage contents were 1.46 and 

1.32 mg/fascicle, respectively (Table 3.3). 
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Dynamics of fascicle dry weight of spring 1991 foliage of radiata pine 
grown with ryegrass/clover, cocksfootlclover, phalaris/clover, ryegrass, 
lucerne and in a bare ground control. Only significant results from 
Dunnett test are shown. 
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Dynamics of foliar N concentration of spring 1991 foliage of radiata 
pine grown with ryegrasslclover, cocksfootlclover, phalaris/clover, 
ryegrass, lucerne and in a bare ground control. Only significant results 
from Dunnett test are shown. 
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Figure 3.10. Dynamics of foliar N content of spring 1991 foliage of radiata pine 
grown with ryegrass/clover, cocksfootlclover, phalaris/clover, ryegrass, 
lucerne and in a bare ground control. Only significant results from 
Dunnett test are shown. 
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Table 3.3. Foliar nitrogen concentration, nitrogen content and fascicle dry 
weight of current foliage of radiata pine (clone 3) grown in bare 
ground control and five pasture treatments. Foliage was formed in 
spring 1992. 

Pasture Nitrogen Nitrogen Foliage Dry 
Concentration Content Weight 
(% fascl. dwt) (mg/fascicle) (mg/fascicle) 

March May March May March May 

Ryegrass/clover 1.57** 1.60ns 1.19** 1. 24ns 76.03ns 77.5ns 

Cocksfootlclover 1.50** 1.63ns 1.09** 1.30ns 73.03ns 78.4ns 

Phalaris/clover 1.43** 1.46ns 1.08** 1.11 ns 75.23ns 76.5** 

Ryegrass 1.40** 1.57ns 1.10** 1. 32ns 78.00ns 84.8ns 

Lucerne 1.52** 1.62ns 1.18** 1.25ns 77.40ns 77.0** 

Bare ground 1.80 1.43 1.46 1.32 81.17 92.1 

ns = not significant, ** = P~0.05 for results of Dunnett's test. 
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The growth of radiata pIne In the control was higher than that in other 

treatments in July 1992, but the difference was significant only for radiata pine trees 

growth with phalaris/clover and lucerne (158 vs 148 cm, Table 3.4). In July 1993, 

there were no significant differences in the height of radiata pine between control and 

other treatments. Likewise, the increment of radiata pine height was not significant. 

Root collar diameter (ReD) radiata pine in the control was significantly higher 

than that of other treatment in July 1992 and July 1993 (Table 3.5). On the contrary, 

the lucerne treatment shows the lowest ReD. The ReD increment of radiata pine in 

the control was also significantly higher than that of other treatment plots. 

In terms of diameter at breast high (DBH), the DBH of radiata pine in the 

control was higher than in other treatments (Table 3.5). However, the difference is 

significant only in the lucerne treatment. 

matter 

matter 

.... ".,..l ....... @ ..... yields 

Results obtained (Table 3.6) show that pasture dry matter yield (DMY), as an 

indicator of pasture growth, depends on types of pastures and was not affected by the 

position from trees. There was no significant interactions between trees and treatments. 

The lucerne treatment shows significantly the highest DMY, while the ryegrass 

treatment the lowest (Table 3.6). 
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In term of legume and grass components in different pastures, among legumes 

lucerne shows significantly higher DMY than clovers (Table 3.6). The DMY of clover 

in ryegrass/clover treatment was significantly higher than that of clover In 

cocksfoot/clover and phalaris/clover treatments (Table 3.6). Dry matter yields of 

"Wana" cocksfoot and "Maru" phalaris were more than 60% higher than "Yatsun" 

perennial ryegrass grown both as a mixture (ryegrass/clover) or monoculture (Table 

3.6). 

Although the pasture DMY in the M sub-plot was the highest (Table 3.7), 

differences between sub-plots were not significant. However, DMY of legumes in the 

M sub-plot were 19 and 24% greater than that in S and Nt sub-plots respectively 

(Table 3.7). On the contrary, DMYs of grass in the M sub-plot was significantly less 

than that in Sand N sub-plots which produced respectively 41 and 23% higher DMYs 

(Table 3.7). 

Seasonal 

All pastures show similar seasonal growth pattern (Table 3.6). Productions 

were high in spring and summer, and low in autumn and especially winter. Pasture 

DMY in spring and summer comprised 78 to 92% of total annual while winter 

production constituted only 1 to 50/0 of the total annual production. The 

ryegrass/clover, cocksfootlclover, phalaris/clover and ryegrass treatment show highest 

DMY in late spring (December harvest) while that of lucerne occurred in early spring 

(October harvest). 
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Table 3.4. Height and height increment of radiata pine in the third growing 
season grown in a bare ground and five different pasture treatments. 

Pastures 

R yegrassl clover 

Cocksfootlclover 

Phalaris/clover 

Ryegrass 

Lucerne 

Bare ground 

July92 
(cm) 

168ns 

170ns 

158ns 

169ns 

148** 

177 

July93 
(cm) 

322ns 

329ns 

322ns 

323ns 

300ns 

329 

ns = not significant, * * = P<0.05 for results of Dunnett's test. 

increment 
(cm) 

154ns 

160ns 

165ns 

155ns 

152ns 

153 

Table 3.5. Root collar diameter (RCD), RCD increment and diameter at breast 
height (DBH) of radiata pine in the third growing season grown in 
a bare ground and 5 different pastures. 

Pastures RCD DBH 

July92 July93 increment 
(mm) 

(mm) (mm) (cm) 

Ryegrass/clover 46** 91** 45** 48ns 

Cocksfootlclover 46** 93** 47ns 50ns 

Phalaris/clover 42** 89** 47ns 47ns 

Ryegrass 49** 99** 50ns 50ns 

Lucerne 39** 79** 40** 41** 

Bare ground 57 114 57 54 

ns = not significant, * * = P,::;0.05 for results of Dunnett's test. 



Table 3.6. 

Pasture 

Ryegrassl 
clover 

Cocksfootl 
clover 

Phalarisl 
clover 

Ryegrass 

Lucerne 
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Annual and seasonal dry matter yields of five different pastures under 
radiata pine trees. 

Pasture Dry Matter Yield (gm-2) Annual 
Compo- _________________ yield 

nent Oct.92 Dec.92 Jan.93 Apr. 93 Aug.9 (gm-2) 
(52)# (52) (52) (87) 3 (365) 

(122) 

Legume 33.4b 211.9a 140.6b 29.3b 2.0b 417.2b 
Grass 43.5ab 45.9b 6.8b 7.5b 4.5b 108.3b 

Weeds 4.3b 14.4ab 7.6a 0.8a O.oa 27.1 a 
Total 81.2c 272.3ab 155.0b 37.6b 6.5b 552.5b 

Legume 38.2b 88.1b 72.5b 23.2b 1.6b 223.5c 

Grass 51.5b 156.1 a 39.2a 23.6a 11.6ab 281.9a 

Weeds l.4b 2.0b 1.2a 0.6a oa 5.2a 
Total 91.1 c 246.3ab 112.8b 47.4b 12.7ab 510.1b 

Legume 34.3b 84.3b 91.0b 20.5b 1.3b 231.3c 

Grass 116.3a 130.4a 22.2ab 7.7b 20.5a 297.1 a 
Weeds 5.3b 7.5ab 4.9a 0.6a oa 18.4a 

Total 155.9b 222.2b 118.2b 28.7b 21.8a 546.8b 

Grass 5.4b 50.6b 9.8ab 29.9a 9.2ab 105.0b 

Weeds 1.5b 41.4a 33.7a 3.5a oa 80.1a 

Total 6.9d 96.3c 46.5c 33.4b 9.2b 192.4c 

Legume 294.4a 260.1 a 274.0a 102.1 a 16.5a 947.1 a 
Weeds 16.8a 33.7ab 11.6a 2.3a 0.1 a 64.4a 

Total 311.2a 293.8a 285.6a 104.4a 16.5ab 1011.5a 

# indicates the number of days between harvests. Values of the same pasture 
components followed by similar letters are not significantly different between 
pasture treatments (P~0.05) following Tukey's test. 
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Comparing with other treatments lucerne shows the highest DMY throughout 

the year, ranging from 16.5 g m-2 in winter (August harvest) to 311 g m-2 in late spring 

(December harvest) (Table 3.6). On the other hand, ryegrass shows the lowest seasonal 

dry matter production compared with other treatments at all time ranging from 9 g m-2 

in winter to 96 g m-2 in early summer. In winter, the DMY of the phalaris/clover 

treatments was slightly higher than the lucerne treatment, but the difference was not 

significant. 

Among the legumes, lucerne showed highest seasonal DMY, ranging from 16 

g m-2 in winter (August harvest) to 294 g m-2 in late spring (December harvest) , 

compared with clover in ryegrass/clover, cocksfootlclover and phalaris/clover mixtures 

(Table 3.6). Lucerne also show a different pattern of production from clover as its 

highest DMY occurred in early spring (October harvest) while that of clovers occurred 

in late spring. Clover in ryegrass/clover treatment has significantly higher DMY than 

that of cocksfootlclover and phalaris/clover treatments. 

Grass species show significant differences in seasonal DMY between treatments 

even though the seasonal of production was similar with high production occurring in 

spring (October and December harvest), and low production in autumn and winter 

(Table 3.6). Nevertheless, "Wana" cocksfoot produced significant higher DMY than 

other ryegrass and phalaris in late spring, summer and autumn (December, January and 

April harvests). 

Pastures in M and S sub-plots tend to have higher DMY than those in sub-plot, 

except early in spring when pastures in N sub-plot show higher production than those 
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in other sub-plots (Table 3.7). There was no effect of position from trees on pasture 

DMY in winter. 

The effect of position from trees on legume DMY was apparent in spring and 

summer, but not in winter and autumn (Table 3.7). Legume DMY in M sub-plot was 

higher than that in other positions in late spring but lower than that in Nt sub-plot in 

early spring. 

The effect of position from trees was significant on grass DMY in late spring, 

summer, autumn and winter but not in early spring (Table 3.7). Highest seasonal DMY 

grasses occurred in S sub-plot while lowest DMY occurred in M sub-plot (Table 3.7). 

JII..J''U'",UlJl.JlJl'-.",JI. C4[)mpOSltllOn """o",It,".""n treatments 

The botanical composition of pastures varied depended on pasture treatments 

and position from trees, especially in late spring and summer (Table 3.8). Although 

the lucerne treatment was established from the beginning in 1990 as a pure lucerne 

pasture, the lucerne content did not reach 1 00% of the botanical composition until 

winter (August 1993). In late spring, lucerne comprised only 88% of the botanical 

composition of lucerne plots, and 12% was weeds. 

The percentage of clover in ryegrass/clover, cocksfootlclover and phalaris/clover 

increased from early spring to summer (January), when clover became dominant 

(>500/0) before it decreased gradually in autumn and winter (Table 3.8). In the 

cocksfootlclover plot, clover shows the lowest DMY ranging from 6% in winter to 57% 

in summer compared with that in ryegrass/clover plots which ranged from 320/0 in 

winter to 900/0 in summer (Table 3.8). 
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Table 3.7. Annual and seasonal dry matter yields of pastures In different 
positions from radiata pine trees. 

Pasture Pasture Dry Matter Yield (gm-2) Annual 
Posi- Compo- yield 
tion nent Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 (g m-2) 

(52)# (52) (52) (87) (122) (365) 

South Legume 86.8b 147.9b 151.2a 40.0a 4.1 a 430.0b 

of trees Grass 53.3a 116.2a 25.2a 20.2a 15Aa 230.3a 

(S) Weeds 4.1a 19.1 a 13.6a 1.3a oa 38.1 a 

Total 116.2b 231.0ab 155.2a 49Aab 15.6a 567.3a 

Middle Legume 98.7ab 199.8a 173.2a 52.2a 5.8a 556.5a 

(M) Grass 47.1a 73.1 b 15.2b 17.2ab 10Ab 162.9b 

Weeds 7.3a 22.8a 10.90a 1.9a 0.02a 43.0a 

Total 123.9b 242.2a 162Aa 57Aa 12.6a 598.5a 

North Legume 114.7a 135.5b 109.1 b 39.2a 7.5a 471.8ab 

of trees Grass 62.2a 98.0a 18.1 b 14.2b 8.5b 201.0ab 

(Nt) Weeds 6.1a 17.5a 10.9a 1.4a 0.02a 36.0a 

Total 147.6a 205.2b 113.3b 44.1b 11.9a 522.1 a 

# indicates the number of days between harvests. Values of the same pasture 
components followed by similar letters are not significantly different between 
pasture treatments (P~0.05) following Tukey's test. 
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Table 3.8. Botanical composition of different pastures in five harvests. 

Pastures Pasture Botanical Composition (0/0) 
Components 

Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 

Ryegrassl Legume 43.80ab 75.95a 89.62a 72.56ab 32.00b 
clover Grass 50.07a 18.44b 4.71b 25.17c 67.86b 

Weeds 6.13ab 5.61b 5.67b 2.27ab O.14ab 

Cocksfootl Legume 40.22ab 33.17b 56.88b 41.67c 6.14c 
clover Grass 57.97a 65.95a 41.80a 57.19b 93.86a 

Weeds 1.81 b O.88b 1.32b 1.14b Ob 

Phalarisl Legume 21.46b 36.98b 74.66ab 66.82bc 6.90c 

clover Grass 75.39a 59.64a 20.68ab 30.31 c 93.08a 

Weeds 3.15b 3.38b 4.66b 2.87ab O.02b 

Ryegrass Grass 75.60a 54.84a 26.87ab 89.64a 100a 

Weeds 24.40a 45.16a 73.13a 10.36a Ob 

Lucerne Legume 94.81 a 88.13a 95.92a 97.79a 99.65a 

Weeds 5.19ab 11.87b 4.08b 2.21 ab O.05a 

Values for similar pasture components followed by the same letters are not 
significantly different between pasture treatments (P.2:0.05) following Tukey's test. 
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Although the ryegrass treatment was established as a pure stand of "Yatsun" 

perennial ryegrass, it reached 100% pure stand only in the August harvest. The plots 

were heavily invaded by weeds and clover (Fig. 3.11). In December and January 

harvests clover contaminated the pure ryegrass stand reaching 21 % in the January 

harvest. The application of a broadleaf herbicide eradicated clover and weeds from the 

ryegrass plots (Fig. 3.12). 

The poor growth of "Yatsun" perennial ryegrass as observed in the 

rye grass/clover plots was suspected to be due to grass grub infestation resulting in 

patchy plots (Fig. 3.13). 

In general, in spring, the percentage of grass was high which then gradually 

decreased up to summer before it increased and dominated the pasture stand in winter 

(Table 3.8). In winter" Wana" cocksfoot and "Maru" phalaris constituted 94 and 93% 

of the DMY of their respective plots. 

The proportion of legume was affected by pasture positions only in the summer 

(Table 3.9). Legume in M sub-plot reached maximum value (870/0) in the middle of 

summer compared with that in S and Nt sub-plots which were 80 and 71 % respectively 

(Table 3.9). 

The effects of position from trees on the percentage of grass was apparent in 

late spring and summer (December and January harvests) but not at other times. The 

proportion of grass in M sub-plot was the lowest compared with that in other positions 

of pastures (Table 3.9). 
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Annual N yields were significantly different among pastures and also for 

pastures in different positions from trees (Tables 3.10 and 3.11). Lucerne shows the 

highest annual N yield while ryegrass the lowest value (i.e.18 times lower than lucerne) 

(Table 3.10). There was no significant difference between annual N yields of 

ryegrass/clover, cocksfootlclover and phalaris/clover treatment. Comparing N yields 

of ryegrass/clover mixture and ryegrass monoculture, shows the inclusion of clover in 

the ryegrass/clover treatment increased N yield by almost ten folds. 

The annual N yield of lucerne was significantly higher than that of clover in 

ryegrass/clover (Table 3.10). The clover in ryegrass/clover treatment has significantly 

higher annual N yield than that in cocksfootlclover and phalaris/clover treatment (Table 

3.10). The annual N yield of lucerne in lucerne treatment and clover In 

ryegrass/cloverwere respectively 4 and 2 times higher than those of clovers In 

cocksfootlclover and phalaris/clover treatments. 

Among grass species, ryegrass both in a mixture with clover and in a 

monoculture shows lower annual N yields than that of cocksfoot and phalaris (Table 

3.10) although the annual N yield of ryegrass in the mixture was 51 % higher than that 

when grown alone. 

The position from trees gave a significant effect on N yields of pasture, legume 

and grass components (Table 3.11). Pastures in the M sub-plots show significantly the 

highest N yield followed by those of S and Nt sub-plots (Table 3.11). 
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Figure 3.11. A ryegrass monoculture plot showing the invasion of white clover and 
weeds. 
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Figure 3.12. A ryegrass monoculture plot after herbicide application showing the 
eradication of white clover and weeds. 
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Figure 3.13. A patchy ryegrass/clover plot showing grass grub infestation. 
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Table 3.9. The effect of position of pastures from trees on pasture botanical 
composition in five harvests. 

Pasture Composition (%) Pasture Position Pasture 
Component 

Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 

South of Legume 46.58a 53.48b 80.20ab 66.86a 34.75a 

trees (S) Grass 68.72a 58.11 a 24. 16ab 54.79a 90.23a 

Weeds 7.77a 9.82a 13.88a 2.69a O.Ola 

Middle (M) Legume 54.74a 68.71 a 86.70a 76.77a 37.80a 

Grass 58.68a 36.87b 15.91b 43.67a 87.04a 

Weeds 9.27a 13.5P 11.68a 3.65a 0.12a 

North of Legume 48.90a 53.48b 70.91 b 65.50a 35.93a 

trees (Nt) Grass 66.88a 54.17a 30.46a 53.28a 88.82a 
Weeds 7.38a 12.44a 15.28a 4.97a 0.20a 

Values of similar pasture components followed by the same letters are not 
significantly different between position treatments (P.2:.0.05) following Tukey'a test. 
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The effect of position on legume N yield was similar to that on the overall 

pasture (Table 3.11). However, the grass response shows the opposite effects with 

grass N yields in S and Nt sub~plots higher than those in the M sub-plots (Table 3.11). 

Nitrogen yields of pastures show significant seasonal effects with higher yields 

In spring and summer than in autumn and winter (Table 3.10). However, the N 

concentration shows only relatively small seasonal changes with highest value 

occurring in winter (Table 3.12). 

The N yield of lucerne was significantly the highest throughout the year, while 

that of ryegrass was the lowest (Table 3.10). In December harvest, N yields of 

ryegrass/clover (9.3 g m-2
) exceeded that of lucerne (8.4 g m-2

) but the difference was 

not significant. 

The N concentration of lucerne throughout the year was significantly higher 

than that of other pastures, except ryegrass/clover treatment (Table 3.12). On the 

contrary, N concentrations of ryegrass were significantly the lowest, especially in late 

spring harvest (Table 3.12). 

The effect of position from trees on N yield of pastures was more pronounced 

in spring and summer than at other seasons (Table 3.11). Pastures in the M sub-plot 

shows more N yields than that in S and Nt sub-plots (Table 3.11). Nevertheless, for 

N concentration there was no significant effect of position of pastures throughout the 

year (Table 3.13). 
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Table 3.10. Annual and seasonal nitrogen yields of grass and legume in five 
different pastures in a silvopastural system. 

Pasture 

Ryegrassl 
clover 

Cocksfootl 
clover 

Phalarisl 
clover 

Ryegrass 

Lucerne 

Pasture 
compo
nent 

Legume 
Grass 
Total 

Legume 
Grass 
Total 

Legume 
Grass 
Total 

Grass 
Total 

Legume 
Total 

Nitrogen Yield (gm-2) Annual 
___________________ N yield 

Oct.92 
(52)# 

lAb 

1.2b 

2.6b 

lAb 

1.6ab 

3.0b 

1.3b 

3.13 
4Ab 

O.lb 
0.1 b 

11.6a 

11.63 

Dec.92 
(52) 

8.2a 
1.1 b 

9.3a 

3.0b 

2.8a 

5.8b 

3.1 b 
2.6a 

5.7b 

0.6b 

0.6c 

8Aa 

8Aab 

Jan.93 
(52) 

5.2b 
0.2a 
5Ab 

2.3c 

0.8a 

3.1 b 

3.2cb 

0.5a 

3.7b 

0.2a 
0.2c 

10.2a 

10.2a 

Apr. 93 
(87) 

1.1 b 
0.2b 
1.3b 

0.8b 

0.6ab 

lAb 

0.73 

0.2b 
0.9b 

0.7b 

0.7b 

3.P 
3.1a 

Aug.93 
(122) 

0.1 b 
0.2b 
0.3b 

0.06b 

0.5ab 

0.63 

0.04b 
0.8a 

0.8a 

0.3ab 

0.3a 

0.93 

0.9a 

(gm-2) 

(365) 

15.9b 

2.8b 

18.7b 

7.6b 

6.33 

13.9b 

8Ab 

7.2a 
15.6b 

1.9b 

1.9c 

34.23 
34.2a 

# indicates the number of days between harvests. Values of the same pasture 
components followed by similar letters are not significantly different between 
pasture treatments (P,2:0.05) following Tukey's test. 
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Table 3.11. The effect of position from trees on annual nitrogen yields of grass 
and legume at five harvests. 

Pasture 
Position 

South of 
trees (S) 

Middle 
(M) 

North of 
trees 
(Nt) 

Pasture 
compo
nent 

Legume 
Grass 
Total 

Legume 
Grass 
Total 

Legume 
Grass 
Total 

Nitrogen Yield (gm-2) Annual 
_________________ ~ N yield 

Oct.92 
(52)# 

3.4b 

1.5a 

3.9b 

4.0ab 

1.3a 

4.2ab 

4.5a 

1.3a 

4.9a 

Dec.92 
(52) 

5.4ab 
2.1 a 

6.0ab 

7.1a 

1.5b 

6.2a 

4.5b 

1.8ab 

5.1 b 

Jan.93 
(52) 

5.7a 

O.5a 

4.9u 

6.2u 

O.3b 

5.3a 

3.8b 

O.4ab 

3.4b 

Apr. 93 
(87) 

l.4a 

O.5a 

1.5u 

1.7a 

O.4ab 

1.7a 

1.2a 

O.3b 

1.2a 

Aug.93 
(122) 

O.2u 

O.6u 

O.7u 

O.3u 

O.4b 

O.6a 

O.4a 

O.3b 

O.5a 

(gm-2
) 

(365) 

16.0ub 

5.2u 
17.0ub 

19.2a 

3.9b 

18.5a 

14.3b 

4.5ab 

15.0b 

# indicates the number of days between harvests. Values of the same pasture 
components followed by similar letters is not significantly different between position 
treatments (P~O.05) following Tukey's test. 
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Table 3.12. Nitrogen concentration of grass and legume components in different 
pastures at five harvests. 

Pastures Pasture Nitrogen Concentration (0/0) 
Components 

Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 

Ryegrass/ Legume 4.17u# 3.84u 3.73u 3.44u 4.39ub 

clover Grass 2.74ub 2.S0u 2.7Su 2.73ub 3.97u 

Total## 3.41 ub 3.SSu 3.68u 3.20u 4.10bc 

Cocksfootl Legume 3.82u 3.12u 3.00b 3.28u 4.03b 

clover Grass 3.0Su 1.84b 2.09cb 2.37b 4.22u 

Total 3.34ub 2.30c 2.71b 2.7sub 4.23b 

Phalaris/ Legume 3.8Su 3.67u 3.37ub 3.22u 4.23ub 

clover Grass 2.6Sb 2.01b 2.40b 3.24u 3.67ub 

Total 2.91 bc 2.6Sbc 3.17ub 3.24u 3.73c 

Ryegrass Grass 2.44b 1.20c 1.76c 2.20b 3.22b 
Total 2.44c 1.20d 1.76c 2.20b 3.22d 

Lucerne Legume 3.87u 3.21u 3.70u 3.0Sa S.28u 

Total 3.87a 3.21 ab 3.70u 3.0Sa S.28u 

(#) indicates that values of similar pasture components followed by the same letters 
are not significantly different between pasture treatments (P,2:0.0S) following 
Tukey's test. (##) indicates %total nitrogen in the pasture (grass/legume). 
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Lucerne shows its highest N yields in early spring while clover in late spring 

(Table 3.10). C0111pared with clovers lucerne shows higher N yield throughout the 

year, except for the ryegrass/clover treatments. The N yield of clover in 

ryegrass/clover treatment was twice of that in cocksfootlclover and phalaris/clover 

treatments in summer. 

Data in Table 3.12 shows that there were seasonal fluctuations of N 

concentration of legumes of less than 1 % with the highest value occurring in winter. 

In winter (August 1993) the N concentration of lucerne was significantly higher than 

that of clovers in other pastures. 

There was no significant effects of position from trees on N concentrations of 

legumes (Table 3.13), but there was effect on N yields of legumes in spring and 

summer (Table 3.11). Legumes in M sub-plots have higher N yields than in Sand N 

sub-plots (Table 3.11). 

Seasonal N yield of grass ""fil!1tr4I ....... filn.an.lt<:' 

Ryegrass in ryegrass/clover, cocksfoot and phalaris show patterns of N yield 

dynamics throughout the year with higher N yield occurring in spring and low in 

summer (Table 3.10). The N yield of ryegrass monoculture treatment fluctuated 

throughout the year. Cocksfoot and phalaris show higher N yield than that of ryegrass 

grown in a mixture or monoculture (Table 3.10). 

The N concentration of ryegrass in ryegrass/clover was relatively higher than 

that of cocksfoot, phalaris and also ryegrass from ryegrass monoculture. The N 
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concentration of ryegrass in ryegrass monoculture was the lowest throughout the year. 

In spring, the N concentration of cocksfoot was significantly higher than that of other 

grasses. The N concentrations of all grasses were relatively higher in winter than in 

other seasons. 

There was no effect of positions of pastures from trees on N concentration of 

grasses although the effect was significant on N yields of grasses (Table 3.11). Grasses 

in S sub-plot show higher N yields than those in M sub-plots which were lowest 

throughout the year (Table 3.13). 

Changes 

There was significant effect of pasture treatments on topsoil total N with total 

N of topsoil under ryegrass/clover was being significantly higher than that of the bare 

ground control both in 1992 and 1993 (Table 3.14). By 1993, the total N of topsoil 

under cocksfootlclover and phalaris/clover became significantly higher than that of bare 

ground control treatment (Table 3.14). However, the soil total N under all treatments 

both topsoil (0-10cm) and subsoil (10-20 cm) declined with time (Table 3.14). 

As expected, topsoils (0-10 cm) show higher total N than the subsoils (10-20 

cm) with N in the subsoils tend to decrease more rapidly than that in the topsoils 

(Table 3.14). There was no significant difference between soil total N at different 

position from trees (Tabel 3.15). 
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Table 3.13. The effect of position from trees on grass and legume nitrogen 
concentration at five harvests. 

Pasture Pasture Nitrogen Concentration (%) 
Position Component 

Oct.92 Dec.92 Jan.93 Apr. 93 Aug.93 

South of Legume 3.84a# 3.55a 3.60a 3.59a 4.36a 

trees (S) Grass 2.91a 1.84a 2.22a 2.64a 3.96a 

Total## 3.23a 2.57ab 3.11 a 3.05a 4.24a 

Middle Legume 4.03a 3.60a 3.45a 3.09a 4.62a 
(M) Grass 2.61 a 1.99a 2.19a 2.79a 3.93a 

Total 3.24a 2.78a 3.03a 2.88a 4.25a 

North of Legume 3.91a 3.23a 3.29a 3.05a 4.61a 
trees (Nt) Grass 2.64a 1.82a 2.33a 2.49a 3.41 b 

Total 3.10a 2.39b 2.87a 2.74a 3.85b 

(#) indicates that values of similar pasture components followed by the same letters 
are not significantly different between position treatments (P~O.05) following 
Tukey's test. (##) indicates %total nitrogen in the pasture (grass+legume). 
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Table 3.14. Soil Nitrogen under different pasture and a bare ground under a 
silvopastural system. 

Year 
Pasture Soil depth Nitrgen 

(cm) 1992 1993 Changes 

(%) (%) ( 1993-1992) 

Ryegrass/clover o - 10 0.308** 0.297** -0.011ns 

10 - 20 0.303ns 0.280** -0.022ns 

Cocksfootlclover 0 10 0.290ns 0.282** -0.008ns 

10 -20 0.292ns 0.265ns -0.027ns 

Phalaris/clover o - 10 0.300ns 0.285** -0.016ns 

10 - 20 0.287ns 0.262ns -0.025ns 

Ryegrass o - 10 0.278ns 0.266ns -0.012ns 

10 - 20 0.277ns 0.250ns -0.027ns 

Lucerne o - 10 0.296ns 0.277ns -0.018ns 

10 - 20 0.283ns 0.273ns -0.009ns 

Bare ground o - 10 0.285 0.251 -0.034 

10 - 20 0.266 0.241 -0.025 

ns = non significant, ** = P.$. 0.05 for results of Dunnett's test for similar soil depth 
of different pasture treatments. 
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Table 3.15. Effects of position from trees on %total N of soils under a 
silvopastural system. 

Soil depth 
Pasture (cm) 
Position 

Side (S) 

Middle 
(M) 

o - 10 

10 - 20 

o - 10 

10 - 20 

1992 
(%) 

0.292 

0.283 

0.29 

0.286 

Year 
Nitrogen 

1993 changes 

(%) ( 1993-1992) 

0.278 -0.014 

0.262 -0.020 

0.274 -0.019 

0.262 -0.025 

There was no significant diferrence (P2::, 0.05) between total N of soil in the same 
depth of different pasture position treatments according Tukey test. 
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Results of the present study showed that fascicle dry weight was a good 

indicator of tree growth as affected by understorey competition. Lucerne treatment 

reduced fascicle dry weight by 22% (Fig. 3.8). Coincidently, lucerne also reduced tree 

height by 16% (Table 3.4), and furthermore reduced tree RCD by 24% (Table 3.5). 

The fascicle dry weight of spring 1991 foliage sampled in November 1992 showed a 

significant correlation with tree height and RCD measured in July 1992 (r=0.72 and 

0.61, respectively). Moreover, fascicle dry weight of spring 1992 foliage sampled in 

May 1993 has had a significantly strong correlation (r=0.91) with tree RCD measured 

in July 1993. 

These results confirm that needle properties can be used to predict tree growth 

as reported by other workers (Smith et al. 1981 ~ Timmer and Morrow, 1984; McDonald 

et al. 1992). The needle length (McDonald et al. 1992) as well as needle weight 

(Raison et al. 1992) has been found to be good indicators for the site condition for 

needle and tree growth. Raison et al. (1992) found that when soil moisture and N were 

limited, short and light fascicles were formed and tree growth was disturbed. Based 

on the above facts, Mead and Mansur (1993) have proposed the use of fascicle dry 

weight together with foliar nutrient concentration and content, with so called Vector 

Analysis, to monitor competition for moisture and nutrient in agroforestry systems. 

The result has been promising. That this present study found that fascicle dry weight 

has correlation with tree growth would support the use of Vector Analysis. 
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The N concentration in radiata pine is influenced by needle age (Mead and Will 

1976~ Beets and Polock 1987~ Madgwick et al. 1983; Madgwick and Mead 1990). 

Results from this study confirmed these findings. Both foliage N concentration and N 

content in radiata pine declined with age, regardless of pasture treatments (Figs. 3.9 

and 3.10). Compared with N concentration and content of current growth (1992 spring 

growth) of needles, the N concentration and content of two years old needle (1991 

spring growth) were relatively lower than that of current growth foliage. 

The foliar N concentration of spring 1991 needles increased from winter (July) 

until late spring (November) then dropped sharply afterward between November and 

January (Fig. 3.9). This was in line with the pattern reported by Fife and Nambiar 

(1984) (Fig. 2.1), but different from that reported by Thomas and Mead (1992) who 

found that N concentration increased during winter then dropped when new foliage was 

formed. 

The decline in foliar N concentration and content was likely to be due to the 

retranslocation of N from older foliage to the new grown organ (Fife and N ambiar 

1984), since the fascicle dry weight was increasing (Fig. 3.8). There was no 

indication of early withdrawal of N from older foliage due to competition from pasture 

plants (Figs. 3.9 and 3.10) as foliar N concentration and content of radiata pine in the 

pasture treatments were showing similar pattern with that of bare ground control. The 

N translocation happened between November and January (Figs. 3.9 and 3.10), was 

unlikely to be resulted from low soil moisture content as the soil moisture content 

between November and January was relatively high (Fig. 3.6). 
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Because of retranslocation of N in radiata pine foliage, care should be taken 

when conducting foliage sampling to assess the N status of pine trees. Taking old 

foliage after N retranslocation process has taken place, could lead to underestimates of 

the foliage analysis results. Will (1985) suggested the use of fully grown current 

foliage sampled in March. This current study found that foliar N concentration from 

March up to November was relatively constant. 

It was observed that the dry weight of spring 1992 foliage of radiata pine in 

the bare ground increased by 11 mg from March to May 1993 which was significantly 

higher than that in pasture treatments which were not more than 6 mg (Table 3.3). The 

lower growth of fascicles in the pasture treatments was probably due to competition 

for N or moisture or both between trees and pasture plants. Raison et al. (1992) found 

that when moisture and/or N was limited, fascicle growth was reduced. Soil moisture 

levels were lowest in March 1993 (Fig. 3.6). 

The withdrawal of N from spring 1992 foliage between March and May 1993 

was apparently occured in the bare ground control treatment as the N concentration 

decreased from 1.80% to 1.43% and the N content declined from 1.46 mg to 1.32 mg 

(Table 3.3). This was not caused by the decline of fascicle dry weight as fascicle dry 

weight increased from 81 mg to 92 mg. It is probable that soil N availability was not 

fully supporting the rapid growth of the tree during this period. Although soil moisture 

was low at that time, there was no competition for moisture from pasture plants in this 

treatment allowing trees have more access to moisture than those in other pasture plots. 

Hence, soil N was likely to be the limiting factor which reduced N level in the foliage. 
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The N concentration of radiata pine foliage in phalaris/clover and lucerne 

treatments sampled in March 1992 were 1.5 and 1.40/0, respectively (Table 3.3) which 

were considered as marginal (Will 1985). This marginal status was sustained until 

March 1993 when the N concentration of trees in all treatments became marginal 

(Table 3.3). A marginal status of N in phalaris/clover treatment was measured in May 

1993 but not in the other treatments. 

matter 

The seasonal and annual DMY of lucerne exceeded those of other pastures 

(Table 3.6). Many workers have reported that lucerne can resist dry condition and 

produced higher DMY than other pastures (Baars et al. 1990; Hayman 1985; 

Anonymous 1975; Langer 1990). The production reported for open pastures ranged 

from as low as 9 (Anonymous 1975) to 12.7 t ha- 1 (McKenzie et al. 1990). In this 

study, lucerne produced 10 t ha- 1 dry matter, and was probably reduced by competition 

effects from trees. The lucerne treatment produced high DMY during spring and 

summer comprising 88% of its annual DMY (Table 3.6). This result agrees with that 

reported by Janson (1975). 

In this study, ryegrass monoculture produced the lowest annual and seasonal 

DMY compared with other pastures (Table 3.6). The ryegrass monoculture plot was 

observed to be heavily invaded by weeds which comprised up to 73% of its DMY (Fig. 

3.11). In open pastures, Ledgard et al. (1988) reported lower DMY from ryegrass 
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monoculture compared with that ryegrass/clover mixtures. Moloney (1991) reported 

lower DMY of ryegrass compared with that of cocksfoot and phalaris in open pastures. 

Annual DMYs of ryegrass/clover, cocksfootlclover and phalaris/clover pastures 

were higher than that of ryegrass monoculture but lower than that of lucerne treatment 

(Table 3.6). The incorporation of clover into grass based pasture is known to improve 

the pasture DMY (Mytton et al. 1993). In this study, clovers were the major 

contributor to summer pasture yield (i.e. 570/0, 750/0 and 89% in cocksfootlclover, 

phalaris/clover and ryegrass/clover treatments respectively) (Table 3.8), similar to that 

reported by Vartha (1975) for open pasture. 

The lucerne and phalaris/clover treatments produced higher early spnng 

(October harvest) yield compared with other pastures which reached their peak 

production in late spring (December harvest, Table 3.6). The DMYs of lucerne and 

phalaris/clover in early spring were respectively 283 and 91 % higher than that of 

ryegrass/clover (Table 3.6) and at this period, phalaris contributed 75% of the DMY 

of phalaris/clover treatment (Table 3.8). This is to be expected as phalaris is known 

as a winter active species (Anonymous 1975) and has its highest production in spring 

(Langer 1990) but becomes semi-dormant during hot summer. In summer (January 

harvest) phalaris contributed only 21 % of DMY of phalaris/clover mixture (Table 3.8). 

The seasonal pattern of N yields of pastures were similar to the pattern of their 

DMY (Table 3.10). The N uptake of pastures (expressed as N yield) was high in 

spring and summer comprising 93, 86, 88 and 88% of annual N yields of 
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ryegrass/clover, cocksfootlclover, phalaris/clover and lucerne treatments, respectively 

(Table 3.10). In the early spring, 70% of total N yield of phalaris/clover treatment was 

from phalaris, while in other grass/clover mixture, N yields of grasses contributed only 

500/0 of the total N yield of the respective pastures. 

Since there was no significant difference between N yields of phalaris/clover, 

cocksfootlclover and ryegrass/clover treatment (Table 3.10), the increased N uptake by 

phalaris as observed in the phalaris/clover treatment was likely to be due to increased 

N exploitation from the soil. Seasonal N yield dynamics of ryegrass treatment was 

different from other treatments (Table 3.10) with low N yield in summer and three fold 

increased in autumn (April harvest). This was probably due to eradication of weeds 

two months prior to the harvesting thus facilitating the growth and uptake of N by 

ryegrass. 

From early spring up to autumn, clover N yield contributed the greatest 

proportion of total N yield in grass/clover mixtures (Table 3.10). On the other hand, 

the N yield of mixed grass/clover in winter were largely derived from grasses. 

dynamics some ..., ... JIlJ .... "'''"','''-''''' ....... factors 

Although no significant correlations were found between N dynamics (or DMY) 

of pastures and environmental factors (Table 3.16), relatively high values of correlation 

coefficient were found for the N yield and DMY of ryegrass/clover with degree day, 

grass minimum and soil temperature (Table 3.16). 

In January, soil moisture contents under pastures in different positions from 

trees were significantly correlated with N yield and DMY of ryegrass/clover with 
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coefficient of correlations of 0.77 and 0.85, respectively (Table 3.17). The 

relationships can be described by the following regression equations: 

(g 

60% 

73% 

where X=soil moisture content, R2=coefficient of determination. 

Soil moisture and temperature are environmental factors which are known to 

affect pasture DMY (O'Connor et al. 1968) and N uptake (Van Schreven 1958). This 

study shows that DMY and N uptake of pastures in a silvopastoral system were not 

related to seasonal changes of rainfall and topsoil moisture contents but were more 

correlated to degree days, grass and top-soil temperature, except for lucerne and 

phalaris/clover treatments (Table 3.16). 

Soil moisture and temperature appear to work in combination in affecting 

pastures DMY and N yield, especially in ryegrass/clover, cocksfootlclover and ryegrass 

treatments. Results from five harvests (early spring, late spring, summer, autumn and 

winter) (Tables 3.6 and 3.2) showed that DMYs were high when both soil moisture and 

temperature were high and the values were low when either soil moisture or 

temperature was low. In winter, early spring and late spring harvests, the effect of 

temperature was probably more important than soil moisture because soil moisture was 

not limiting (Fig. 3.6). On the other hand, in summer and autumn harvest, when 

temperatures were high, soil moisture becomes more important as it was limiting (Fig. 

3.6). 
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Table 3.16. Correlation coefficients between some environmental factors and 
nitrogen yield and dry matter yield of lucerne and ryegrass/clover 
pastures. 

Pasture Correlation Coefficient (r) Rainfall 
(mm) 

Degree day grass soil 
ffilnlmum 

Ryegrass/ Pasture 0.70 0.71 0.67 -0.01 
clover N yield 

Pasture 0.69 0.70 0.66 -0.01 
DMY 

Lucerne Pasture 0.39 0.45 0.40 0.42 
N yield 

Pasture 0.49 0.55 0.50 0.38 
DMY 

Table 3.17. Correlation coefficients between seasonal nitrogen yield and soil 
moisture changes; and nitrogen yield and soil moisture in different 
position from trees in ryegrass/clover and lucerne pastures in a 
silvopastural system. 

Pasture Correlation Coefficient (r) 

Seasonal@ Position@@ 

Ryegrass/clover Pasture -0.01 0.77 
N yield 

Pasture -0.01 0.85 
DMY 

Lucerne Pasture 0.15 0.5 
N yield 

Pasture 0.7 0.35 
DMY 

Correlations was made using data from five harvests (@), and January harvest only 
(@@). 
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The DMY production and N yield of phalaris/clover and lucerne treatments in 

early spring exceeded other pasture treatments regardless of relatively low temperature 

(Tables 3.6 and 3.10). At this time, phalaris was the major contributor of the DMY 

to the phalaris/clover treatment (Table 3.6). This is probably due to phalaris being cold 

tolerant grass active in winter (Anonymous 1975~ Stevens et al. 1989) and having a 

high productivity in spring (Langer 1990). 

The lack of correlation between lucerne DMY and N yield with topsoil moisture 

content (Table 3.17) may be due to lucerne being a deep rooted pasture species 

(Anonymous 1975~ Langer 1990~ McKenzie et al. 1990) which enables it to extract 

moisture from deeper depths down the soil profile; it may therefore be adapted to low 

topsoil moisture contents. 

,.,.d)O.1:"1I-.......... o::o on soH 

Topsoil total N under ryegrass/clover in 1992 and 1993 and cocksfootlclover 

and phalaris/clover in 1993 was significantly higher than that in the bare ground control 

(Table 3.14). However, this was unlikely that N was accumulated under these pasture 

treatments, as total N under all treatments decreased with time (Table 3.14). This 

suggesting that N removed in silage, taken up by trees or lost by leaching exceeded N 

inputs. In silvopastoral system, this decline may be minimised by the contribution of 

N from BNF of legume in legume based pastures. 

Many workers have suggested that legume could improved soil N status 

(Richard and Bevege 1967; Turvey et al. 1983/1984; Nambiar and Nethercott 1987). 

The descrepancy between the present results and that of these workers could be due to 
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the different of management of the understorey legumes. Unlike this present study, the 

pastures or legumes were not removed from the site. 

Foliar N dynamics of radiata pine grown with pastures were not different from 

that of radiata pine grown in a bare ground control. Pasture treatments might be 

reducing foliar N concentrations and contents of radiata pine, but not the seasonal 

dynamics patterns. Foliar N retlanslocation in radiata pine occured between November 

and January, regardless of pasture treatments. 

Fascicle dry weights of radiata pine were correlated with tree growth (height 

and RCD) and found to be a good indicator of competition between pasture plants and 

trees. 

Lucerne had a higher DMY and N yield than other pastures, and at the same 

time it reduced tree height in 1992, RCD, DBH, fascicle dry weight and foliar N 

content more than other pasture treatments. Phalaris/clover treatment acted in similar 

way to lucerne, but the effect was less severe. 

Pasture DMY and N yields were high in spring and summer, and low in autumn 

and winter. Lucerne and phalaris were more active in early spring than clover, 

cocksfoot and ryegrass. 

Trees altered pasture botanical composition during the growing season. Grass 

was dominant under trees while legume were dominant in the midway between the 

rows of trees. 

Soil total N under ryegrass/clover, cocksfootlclover and phalaris/clover was 
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sgnificantly higher than that in the bare ground control treatment. However, soil total 

N in all treatments decreased with time. 
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The incorporation of legumes in agricultural practices including forestry to 

improve the productivity of crops, pastures or forests has been widely accepted (Ellison 

1958~ Nambiar and Nethercott 1987~ Goodman 1988~ Zeihm et al. 1992). Likewise, 

the importance of legumes in silvopastoral system has been recognised (Knowles 1991~ 

Danso et al. 1992). Legumes has been known to improve soil N status of pasture due 

to their ability to fix N2 from atmosphere (Ledgard and Steele 1992). The use of 

legumes is expected to reduce the cost for N fertiliser input (Bohlool et al. 1992). 

The capacity of legumes to fix N2 varies among legume species, strain of 

Rhizobia and is affected by environmental factors such as soil N, moisture, acidity, 

pests and disease, light and soil temperature (Gibson 1969~ Lindemann and Ham 1979~ 

Whitehead 1970~ Lie 1981~ Ledgard and Steele 1992). The amount of N2 fixed from 

atmosphere is also depend on legume persistence and productivity (Ledgard and Steele 

1992). Therefore, factors limiting legume growth will also reduce the amount of N2 

fixed by legumes. 

Biological N fixation benefits not only the legume but also the associate grasses 

and trees through transfer (Ledgard and Steele 1992, Nambiar and Nethercott 1987). 

These could further reduce the exploitation of soil N by plant and maintain or improve 
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soil N status. In agricultural and forestry system, the biomass is often removed from 

the site at the end of cycle. The BNF and N transfer will reduce the soil N removal 

from the site due to the biomass removal. 

Extensive research on BNF of crop and pasture legumes including plant 

breeding and selection, Rhizobia, inoculation, plant nodulation, crop and soil 

management has been conducted to enhance BNF (People and Herridge 1990). Most 

of the research were carried out for conventional agriculture and pasture management. 

Although the importance of legume in silvopastoral has been realised (Knowles 1991; 

Danso et al. 1992), little attention has been given to quantify BNF in this system. 

Since silvopastoral system subjects legumes to different environment compared to that 

of conventional forestry or open pastoral system, this may alter the potential capacity 

of BNF of legumes. 

Accurate measurements of BNF of legumes are important in order to improve 

the capacity of the fixation (Rennie 1985). There are many methods available for 

measuring BNF (People and Herridge 1990). However, due to their limitations, only 

15N isotope dilution method is considered to be the most reliable method to use under 

field conditions (Burris 1972; Hauck and Bremner 1976; Vose 1980; Cookson et al. 

1990). This method has been used to measure BNF of white clover in New Zealand 

pastures (Goh and Edmeades 1978; Cookson et al. 1990; Ledgard and Steele 1992) but 

has not used in silvopastoral system. 

The major objectives of the present study were: 

1. to quantify BNF of different legumes and legumes in different grass/legume 

mixtures in a silvopastoral system using the 15N dilution method; 
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2. to measure transfer from clover to the associate perennial ryegrass~ 

3. to evaluate soil N removal in different pastures due to their BNF capacity, and 

4. to determine effects of some environmental factors (eg. soil lTIoisture, acidity 

and temperatures) on BNF. 

Biological N fixation experiment was conducted in part A Lincoln University 

Agroforestry trial (Section 3.2.1) from August 1992 through to August 1993 (365 

days). The experiment was a split plot, randomised block design with four mainplots 

(three grass/clover mixtures and a lucerne plot), three sub-plots (position of plot from 

trees) and three replicates. The layout of mainplots and in sub-plots have been 

presented earlier (Figure 3.3). 

MeaS1JlreJrne][1t of BNF 15N isotope ......... ,. ...... "'Bl'U' ... .Il mE~tnoa 

A 30% 15N-enriched ammonium sulphate solution was prepared from 60% 15N 

enriched ammonium sulphate source. A mixture of 6.41 g unlabelled ammonium 

sulphate and 6.33 g of 60% 15N enriched ammonium sulphate was diluted in 500 ml 

deionised water to make a 30% 15N enriched ammonium sulphate stock solution. Every 

10 ml aliquot of stock solution contained 54 mg N which was applied on a 0.3 m2 

microplots or equivalent to 1.825 kg N ha- 1 (calculation shown in Appendix 1). 

To fertilise the boundary plots at the same rate as at microplots, 500 ml stock 

solution containing 50.68 g unlabelled ammonium sulphate was prepared. 
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Prior to fertiliser application, the grass and legume in the N-fixation plots were 

cut to approximately 5 cm above ground. Nitrogen-15 isotope labelled ammonium 

sulphate fertiliser was applied twice a year, in August 1992 and February 1993. 

Unlabelled ammonium sulphate was applied at the same time and the same rate to the 

boundary plots. 

Ten ml aliquot was taken from 15N enriched solution and poured in a small 

watering can containing 300 ml deionised water, shaken thoroughly then poured onto 

the microplot (Figure 4.1). Immediately after isotope application the ,microplots was 

washed with 300 ml deionised water. The same procedure was followed in the 

boundary plots using unlabelled N solution (Figure 4.2). 

Above ground samples of grass and legume were harvests as described earlier 

(Section 3.2.3.2.3.). 

soil 

In order to monitor 15N levels in the soil, soil samples were taken in November 

1992 (three months after first 15N isotope application in August 1992), May 1993 and 

September 1993 (four and seven months, respectively, after the second 15N isotope 

application in February 1993). In November 1992, two soil cores were taken using 

corers (1 cm diameter) to sample soil inside and outside randomly selected microplot 

of each mainplot. Samples were taken from five soil depths (0-5, 5-10, 10-20, 20-40 
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Figure 4.1. The application of 15N-labelled fertiliser to a microplot. 
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Figure 4.2. The application of unlabelled fertiliser to a boundary plot. 
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and 40-60 cm). To avoid contamination of 15N isotope, separate soil corer was used 

to sample soil from outside and inside the microplot. 

In May and September 1993, similar soil sampling was conducted under legume 

and grass inside microplot to monitor whether there were differences in 15N distribution 

under legume and grass which might affect the estimation of the proportion of N 

derived from atmosphere (%Ndfa). 

At the end of the experiment, stubble and root samples of grass and legume 

were taken using soil corer (diameter 5 cm). Samples were taken from microplots of 

S, M and Nt sub-plots (Figure 3.3) of ryegrass/clover, ryegrass, and lucerne treatments, 

and from microplots of M sub-plot (Figure 3.3) of cocksfootlclover and phalaris/clover. 

Due to the technical difficulties, soil sample length taken varies from 30 to 60 cm. 

~amlr)ie analysis 

Herbage root and stubble samples were dried at 60°C for 48 hours and ground 

pnor to analysis for 15N isotope using mass spectrometer as described previously 

(Section 3.2.3.3.). The 15N content of pure ryegrass sampled at the centre-most part 

of the microplot was determined for estimating N transfer from clover to the associate 

ryegrass in the ryegrass/clover mixture. Soil samples were processed and analysed for 

total Nand 15N content using procedures as described previously (Section 3.2.3.3.). 
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The proportion of N derived from atmosphere (%Ndfa) and total N2 fixed were 

calculated according to equations 2.1 and 2.2 as given previously (Section 2.4.3.2). 

"'.""'H.n._ to 

Nitrogen-15 isotope data obtained from the ryegrass/clover treatment and 

ryegrass is used to calculate the N transfer (%Ndftrans) from clover to ryegrass in 

ryegrass/clover mixture by using the equation 2.3 and 2.4 as given previously (Section 

2.4.4.1). 

Nitrogen lr£h1t4f141fl'Q;T"J> 

The amount of soil N removed (NR) in silage is calculated as the total N yield 

of pastures minus the amount of total N fixed by legume in the pasture as follows: 

(g 

where NR= N removed, N pasture= N yield of pasture= total N of legume + total N 

of grass, total N2 fixed= the amount of N fixed from atmosphere by legume 

components of the respective pasture. 
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The analysis of variance (ANOY A) for %Ndfa and amount N fixed at each 

harvest and total N fixed from five harvests (annual total N fixed), %NdfTrans, amount 

N transfer and NR were performed using the SAS package. Tukey studentised range 

test was used to assess the difference between treatment means. 

atrrlOSJUleJre (% N dfa) 

Lucerne shows significantly lower %Ndfa than clover in ryegrass/clover, 

cocksfootlclover and phalaris/clover treatments except in winter when there was no 

significant different in %Ndfa among legumes (Table 4.1). There was no significant 

difference of %Ndfa among clovers in any grass/clover mixtures except in summer 

when %Ndfa of clover in rye grass/clover treatment was significantly lower than that 

in cocksfootlclover and phalaris clover treatment (Table 4.1). 

From early spring (October harvest) to summer (January harvest), clover and 

lucerne derived their N mostly from atmospheric N2 ranged from 71 % for lucerne to 

970/0 for clover in the cocksfootlclover treatment (Table 4.1). By contrast, in winter 

(August harvest) clover, except in the cocksfoot/clover treatment and lucerne obtained 

most of their N from soil. 
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Table 4.1. Nitrogen fixed by legumes in different pastures at five 
harvests under radiata pine expressed in g m-2 and %N dfa. 

Pastures Amount of nitrogen fixed (g m-2
) Annual 

N fixed 

Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 (g m-2
) 

(52)# (52) (52) (87) (122) (365) 

Ryegrassl 1.23b 7.12a 4.21b 0.82ab 0.04a 13.42b 

clover (87a)## (88a) (83b) (78a) (44a) 

Cocksfootl 1.31 b 2.84b 2.20b 0.73ab 0.04a 7.11 C 

clover (89a) (97a) (96a) (85a) (62a) 

Phalarisl 1.13b 2.88b 2.93b 0.51b 0.02a 7.47c 

clover (83a) (92a) (93a) (67ab) (28a) 

Lucerne 8.33a 5.91 a 7.17a 1.65a -0.09a 22.97a 

(72b) (71 b) (71 C) (55C
) (0.6a) 

# The number of days in the respective harvests. ## Values in the bracket are the 
%Ndfa. Values followed by similar letters are not significantly different (p2:,0.05) 
between pasture treatments according to Tukey's test. 
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In early spring (October harvest), summer (January harvest) and autumn (April 

harvest), lucerne fixed more N than clovers in any pasture mixtures, but there 

was no significant difference in amount of N fixed between legumes during winter 

(August harvest, Table 4.1). The amount of N fixed was not significantly different 

among clovers in any pasture mixtures, except in late spring when the amount of N 

fixed by clover in the ryegrass/clover treatment was twice that of clover in the 

cocksfootlclover and phalaris/clover treatments (Table 4.1). 

The amount of N fixed during spring (October and December harvests) by 

clovers were 100 to 200 times higher that those in winter (Table 4.1). The spring N 

fixation comprised 50 to 60% of total annual amount of N fixed by clover, while 

winter N fixation contributed only 0.3 to 0.5%. 

On an annual basis, lucerne significantly fixed more N than clover in any of the 

mixed pastures. Among clovers, clover in the ryegrass/clover treatment fixed more 

N than that in other mixed pastures (Table 4.1). The annual amount of N fixed by 

lucerne and clover in the ryegrass/clover treatment were thrice and twice respectively, 

of that fixed by clovers in the cocksfootlclover and phalaris/clover treatments. 

on %Ndfa by 

Positions of pastures in relation to the trees did not significantly alter the %Ndfa 

of legumes (Table 4.2). However, because of productivity differences, positions 

significantly affected the amount of N fixed by legumes (Table 4.2). The legume in 
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the midway between two rows of trees (M sub-plot) fixed significantly more N than 

that in the north side of trees (Nt sub-plot). There was less difference between amount 

of N fixed by legumes in south side of trees (S sub-plot) and those in other positions. 

On annual basis, legumes midway between the trees fixed 40% more N than 

that in north of trees (Table 4.2). South of the trees N fixation did not show the same 

depression. 

Although the ryegrass received (32 - 59%) of their N by transfer from the 

clover in late spring and summer (December and January harvest), the absolute amount 

of N transfered was small less than 1 g m-2 (Table 4.3). Likewise, on an annual basis, 

the amount of N transfered ranged from 0.3 to 1.5 g m-2 (Table 4.3). There were some 

negative values observed during the study, especially in autumn, April harvest (Table 

4.3). 

There was no effect of position from trees on N transfered (%Ndftrans and 

amount of N transfer) from clover to the associate ryegrass (Table 4.3). 

% 15N changes grass 

The atom %15N in selected pasture are presented in Figure 4.3. The pattern of 

changes of atom %15N in cocksfootlclover and phalaris/clover was similar to that of 

ryegrass/ clover. 

Generally, the level of 15N in the grass and legume in all pasture treatments 

decreased with time after it was applied in October and February (Fig. 4.3). The level 
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Table 4.2. Nitrogen fixed by legumes in different position from trees In a 
silvopastural system 

Pastures Amount of nitrogen fixed (g m-2
) Annual 

N fixed 

Oct.92 Dec.92 Jan.93 Apr. 93 Aug.93 (g m-2) 

(S2)# (S2) (S2) (87) (122) (36S) 

South of trees 2.49a 4.40ab 4.60a 1.03a -0.03a 12.49ab 

(S) (8 P)## (87a) (86a) (74a) (30a) 

Middle (M) 3.14a S.99a 4.93a 0.94a -0.02a 14.98a 

(85a) (87a) (85a) (68a) (24a) 

North of trees 3.37a 3.68b 2.86b 0.81a 0.05a 10.76b 

(N) (83a
) (87a) (85a

) (72a) (39a) 

# The number of days in the respective harvests. ## Values in the bracket are the 
%Ndfa. Values followed by similar letters are not significantly different (p~0.05) 
between position treatments according to Tukey's test. 

Table 4.3. The percentages and amounts of nitrogen in the ryegrass 
obtained from the associated clover. 

Position Amount of nitrogen transfer (g m-2
) Annual 

N 
transfer 

Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 (g m-2
) 

(52)# (52) (52) (87) (122) (36S) 

South of -0.01 0.58 -0.01 -0.03 0.03 0.32 
trees (S) ( -2.9)## (49.2) (2.8) (-132.5) (S.9) 

Middle (M) 0.35 0.50 0.15 -0.08 0.02 0.94 
(50.S) (70.9) (54.3) ( -66.8) ( -5.5) 

North of 0.43 0.91 0.09 -0.08 0.10 1.45 
trees (N) (19.9) (S7.6) (37.8) (-74.0) (36.3) 

Average 0.26 0.66 0.01 -0.14 O.OS 0.90 
(22.5) (59.2) (31.6) ( -91.1) (12.2) 

# The number of days in the respective harvests. ## Values in the bracket are the 
%Ndftrans. There was no significant difference (p~0.05) between position 
treatments according to ANOVA test. 
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of 15N of lucerne was lower than that in grass except in August (winter, 6 months after 

the second 15N labelled fertiliser application) (Fig. 4.3,A). The level of 15N in clover 

in ryegrass/clover, cocksfootlclover and phalaris/clover consistently lower than that in 

grass (Fig. 4.3,B). The level of 15N in the ryegrass mixture and rye grass monoculture 

is compared in Figure 4.3,C. In April harvest the 15N level in ryegrass monoculture 

unexpectedly became lower than that of ryegrass mixture. 

atom % 

Three months after 15N labelled fertiliser application, the level of 15N in the soil 

became close to the background (Table 4.4). Likewise, the level of 15N decreased with 

soil depth (Table 4.4). 

The atom % 15N varied under legume and grass three and six months after 

second 15N labelled fertiliser; however, the difference was always less than 0.01 % 

(Tables 4.5 and 4.6). There was no consistent pattern whether the atom % 15N was 

higher or lower under grass compared to the legumes. 

In May 1993 the atom % 15N of soil under ryegrass monoculture at 0 to 20 cm 

soil depth was lower than that under ryegrass mixture at the same soil depth (Table 

4.5). However, by September 1993 the opposite was true (Table 4.6). 

% roots grass 

It was difficult to recognise the differences in roots of legumes and grasses 

below 20 cm soil depth. Therefore, root results reported here were obtained from 0 to 

20 cm soil depth. There was a trend that atom %15N in the root at 0-5 cm soil depth 
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Table 4.4. The atom % 15N of soil in different soil depths inside and outside 
microplots in November 1992 (three months after the first 15N 
labelled fertiliser). 

Pasture Inside/ Atom %15N (%) 
Outside 

0-5 5-10 10-20 20-40 40-60 
cm cm cm cm cm 

Ryegrass/ Inside 0.3793 0.3713 0.3712 0.3719 0.3700 
clover 

Outside 0.3692 0.3698 0.3689 0.3688 0.3686 

Cocksfootl Inside 0.3860 0.3724 0.3709 0.3691 0.3687 
clover 

Outside 0.3684 0.3683 0.3692 0.3690 0.3683 

Phalaris/ Inside 0.3851 0.3732 0.3727 0.3730 0.3700 
clover 

Outside 0.3685 0.3685 0.3698 0.3692 0.3694 

Ryegrass Inside 0.3758 0.3701 0.3711 0.3713 0.3691 

Outside 0.3690 0.3690 0.3698 0.3688 0.3689 

Lucerne Inside 0.3833 0.3731 0.3706 0.3726 0.3692 

Outside 0.3683 0.3705 0.3704 0.3687 0.3685 
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was higher than that of either stubble (0+5 cm) or root below 5 cm (Table 4.7). The 

level of 15N in the root decreased with depth (Table 4.7). 

Nitrogen removed in the herbage consisted of soil derived Nand N from BNF. 

The proportion of soil Nand N from BNF in the herbage varied with pasture 

treatments and season (Table 4.8). During winter (August harvest) and early spring 

(October harvest), grass/clover mixtures removed more soil N than N from BNF, but 

in late spring (December harvest), except cocksfootlclover mixture, and summer 

(January harvest) the N removed in the herbage was mostly from BNF (Table 4.8). 

For lucerne treatment, from early spring (October harvest) to summer (January 

harvest) the N removed in herbage was mostly derived from BNF and ranged from 70 

to 72% (Table 4.8). However, in autumn (April harvest) the proportion of N removed 

from soil increased andwas totally from the soil in winter (August harvest). 

On an annual basis, N removed from ryegrass/clover and lucerne was mainly 

from BNF (i.e. 72 and 67% for ryegrass/clover and lucerne, respectively), but the 

proportion of soil Nand N from BNF removed in herbage from cocksfootlclover and 

phalaris/clover was almost equal (Table 4.8). For the ryegrass monoculture, 100% of 

its removed N came from soil. However, in term of total amount of N removed, this 

was very small being under 20 kg ha-1 over the year (Table 4.8). 

There was no significant effect of position from trees on seasonal and annual 

soil N removals (Table 4.9). 
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Table 4.5. The atom %15N of soil under grass and legume in different soil depth 
inside microplots in May 1993 (three months after the second 15N 
labelled fertiliser). 

Pasture Legume/ Atom %15N (%) 
Grass 

0-5 5-10 10-20 20-40 40-60 
cm cm cm cm cm 

Ryegrass/ Legume 0.3914 0.3712 0.3693 0.3695 0.3705 
clover 

Grass 0.3903 0.3819 0.3720 0.3697 0.3695 

Cocksfootl Legume 0.3899 0.3755 0.3688 0.3694 0.3699 
clover 

Grass 0.4027 0.3825 0.3699 0.3687 0.3697 

Phalaris/ Legume 0.3796 0.3711 0.3691 0.3687 0.3696 
clover 

Grass 0.3960 0.3807 0.3702 0.3696 0.3694 

Ryegrass Grass 0.3794 0.3734 0.3703 0.3706 0.3720 

Lucerne Legume 0.3826 0.3771 0.3704 0.3700 0.3710 

Grass 0.3987 0.3751 0.3703 0.3695 0.3717 
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Table 4.6. The atom % 15N of soil under grass and legume in different soil depth 
inside microplots in September 1993 (six months after the second 15N 

labelled fertiliser). 

Pasture Legume/ Atom %15
N (%) 

Grass 
0-5 5-10 10-20 20-40 40-60 
cm cm cm cm cm 

Ryegrass/ Legume 0.3833 0.3713 0.3698 0.3687 0.3787 
clover 

Grass 0.3869 0.3716 0.3690 0.3688 0.3749 

Cocksfootl Legume 0.4080 0.3775 0.3715 0.3692 0.3760 
clover 

Grass 0.3990 0.3768 0.3694 0.3691 0.3728 

Phalaris/ Legume 0.3990 0.3710 0.3707 0.3694 0.3799 
clover 

Grass 0.3934 0.3747 0.3696 0.3712 0.3740 

Ryegrass Grass 0.3892 0.3733 0.3709 0.3697 0.3742 

Lucerne Legume 0.3814 0.3740 0.3699 0.3694 0.3811 

Grass 0.3822 0.3731 0.3697 0.3690 0.3795 



Table 4.7. 

Pasture 

Ryegrass/ 
clover 

Cocksfootl 
clover 

Phalaris/ 
clover 

Ryegrass 

Lucerne 
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The atom %15N in grass and legume roots in different soil depths and 
that in grass and legume stubble in September 1993 (six months after 
the second 15N labelled fertiliser). 

Legume/Grass Atom %15N (%) 

Stubble 0-5 cm 5-10 cm 10-20 cm 

Legume 0.4173 0.4418 0.4311 0.3962 

Grass 0.4874 0.4910 0.4225 0.4178 

Legume 0.4060 0.4103 0.3875 0.3770 

Grass 0.4953 0.4865 0.4175 0.4198 

Legume 0.4083 0.4037 0.3879 0.3898 

Grass 0.4351 0.4634 0.4439 0.3983 

Grass 0.5445 0.6034 0.4565 0.4250 

Legume 0.4346 0.4355 0.4243 0.4040 

Grass 0.4761 0.5371 0.4359 0.3975 
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Table 4.8. Nitrogen removal in herbage in five harvest and annually. Values in 
parenthesis showing the percentage from total N removed. 

Pasture Source of Nitrogen removal in five harvests (g m-2
) Annual 

Nitrogen Nitrogen 
being Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 Removal 
Removed (52)# (52) (52) (87) (122) (g m-2

) 

Ryegrassl Fixed N 1.23b 7.12u 4.21 b 0.82ub 0.04u 13.42b 

clover (47) (77) (78) (63) (13) (72) 

Soil N 1.37b 2.18ab 1.19b 0.48b 0.26a 5.28bc 

(53) (23) (22) (37) (87) (28) 

Total N 2.6b 9.3u 5.4b 1.3b 0.3b 18.7b 

Cocksfootl Fixed N 1.31 b 2.84b 2.20b 0.73 ub 0.04u 7.11<': 
clover (44) (49) (71) (52) (7) (51) 

Soil N 1.69b 2.96a 0.90b 0.67ub 0.56u 6.79ab
<.: 

(56) (51) (29) (48) (93) (49) 

Total N 3.0b 5.8b 3.1 b l.4b 0.6u 13.9b 

Phalarisl Fixed N 1.13b 2.88b 2.93b 0.51 b 0.02a 7.47c 

clover (26) (51) (79) (57) (3) (48) 

Soil N 3.27a 2.82a 0.77b 0.39b 0.78a 8.13ab 

(74) (49) (21) (43) (97) (52) 

Total N 4.4b 5.7b 3.7b 0.90b 0.8a 15.6b 

Ryegrass Fixed N 0## 0 0 0 0 0 
(0) (0) (0) (0) (0) (0) 

Soil N O.lb 0.6b 0.2b 0.7ub 0.3u 1.9<': 
(100) (100) (100) (100) (100) (100) 

Total N O.lb 0.6c 0.2b 0.7b 0.3a 1.9<': 

Lucerne Fixed N 8.33a 5.91 u 7.17a 1.65a Oa### 22.97a 

(72) (70) (70) (53) (0) (67) 

Soil N 3.27a 2.49ub 3.03u 1.45a 0.9a 11.23a 

(28) (30) (30) (47) (100) (33) 

Total N 11.6a 8.4ab 10.2a 3.1u 0.9a 34.2a 

# indicates the number of days between harvests. ## not included in the statistical 
analysis for N fixation. ### original values was -0.09 (Table 4.1). Values of similar 
N source followed by similar letters are not significantly different (P2:.0.05) between 
pasture treatments following Tukey test. 
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Nitrogen balance varied among pasture treatments with lucerne being the most 

imbalance treatment (Table 4.10). However, the N balance in all pasture treatments 

was negative. 

As expected the atom % 15N enrichment in the soil decreased with time and by 

three months after the first 15N labelled fertiliser application, the level of 15N in the 

microplots was close to that of the background (Table 4.4). The decreased of atom 

%15N in the soil was also reflected in the plant enrichments (Fig. 4.3). The decrease 

of labelling after 15N applications has been reported by Hamilton et al. (1992), and are 

probably caused by 15N removal in the herbage. The second application of 15N labelled 

fertiliser has helped to increased the detection of differences between atom % 15N in the 

grass and legume (Figure 4.3), as reported by Ledgard et al. (1985d). 

The %Ndfa for red clovers in ryegrass/clover, cocksfootlclover and 

phalaris/clover were significantly higher than that of lucerne (Table 4.1). The %Ndfa 

obtained agree with other estimates. Red clover has been reported to obtain 86 to 97% 

of its N from BNF by Boller and Nosberger 1988 and lower proportions have been 

reported for lucerne, ranging from 70-88% by Ledgard et al. 1985b. However, the 

amount of N fixed by lucerne was significantly greater than that by clover (Table 4.1). 

Butler and Ladd (1985) and Ledgard et al. (1988) noted that total N fixed was 

correlated well with total Nand DMY of legume. In the present study, despite its low 
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%Ndfa, lucerne had higher DMY and total N yield (Tables 3.6 and 3.10) than clovers 

and hence fixed more N. 

During summer (January harvest) %Ndfa of clover in ryegrass/clover was 

significantly lower than that of clover in cocksfootlclover and phalaris/clover (Table 

4.1). Ledgard and Steele (1992) suggested that this may be caused by the high level 

of inorganic N present but this was not measured in this study. Ledgard et al. (1987) 

found that the level of inorganic N was high during summer. Root death caused by 

late spring (December harvest) defoliation (Butler et al. 1959) might be mineralised in 

summer when temperature are high (Sharathchandra and Upsdell 1981; Berg et al. 

1987), thus possibly resulting in a release of inorganic N. At the same time, the 

demand for inorganic N for grass was low (Table 3.10). 

In late spring, the amount of N fixed by clover In ryegrass/clover was 

significantly higher than that by clover in cocksfootlclover and phalaris/clover pastures 

(Table 4.1). Again the reason was probably that the DMY and the N in the clover in 

ryegrass/clover in late spring was significantly higher than the other treatments (Tables 

3.6 and 3.10). The proportion of clover in cocksfootlclover treatment in late spring was 

only half of that of clover in ryegrass/clover (Table 3.8) suggesting that cocksfoot 

might have suppressed the clover. Cocksfoot is a dense, prostrate plant with an 

aggressive habit (Moloney 1991). 

Nitrogen fixation of clover and lucerne were high in spring and summer and 

low in winter and this was also reflected in high and low %Ndfa (Table 4.1). Nesheim 

and Boller (1991) have sugested that in the warm spring and summer, legumes are 

stimulated to fixed more N from atmosphere partly due to the competition for N with 
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Table 4.9. The amount of nitrogen removals from soil under pastures in the 
form of silage in different position from trees. 

Position Amout of nitrogen removal (g m-2
) Annual N 

removal 

Oct.92 Dec.92 Jan.93 Apr.93 Aug.93 (g m-2
) 

(52)# (52) (52) (87) (122) (365) 

South of 1.89 2.47 1.26 0.71 0.63 7.01 
trees (S) 

Middle (M) 1.72 2.03 1.32 0.92 0.50 6.53 

North of 2.24 2.10 1.07 0.58 0.44 6.43 
trees (N) 

# The number of days within the respective harvests. There was no significant 
difference (p~0.05) between position treatments according to Tukey test. 

Table 4.10. Nitrogen balance in different pastures under radiata pine. 

Pasture Annual nitrogen Annual total Nitrogen balance 
fixed (A) nitrogen removed (A-B) 
(g m-2

) in herbage (B) (g m-2
) 

(g m-2
) 

Ryegrass/clover 13.42 18.7 -5.28 

Cocksfootlclover 7.11 13.9 -6.79 

Phalaris/clover 7.47 15.6 -8.13 

Ryegrass 0 1.9 1.9 

Lucerne 22.97 34.2 -11.23 
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grass. However, during winter N fixation is depressed by low temperatures. Some 

researchers have suggested that low temperatures disturb plant metabolism (Lie 1981), 

root fonnation (Rohini-Kulnarasinghe et al. 1979), rhizobium growth and infection, and 

nodule formation (Roughley and Dart 1970) all of which eventually reduce BNF. The 

fact that growth rates of grass and clover in cold winter condition could be promoted 

through N fertiliser applications (Ledgard et al. 1989) suggests that clover is likely to 

be more depend on soil N at this time. 

Position from trees did not significantly affect %Ndfa of the legumes (Table 

4.2). This suggests that at this stage of tree development the effect of light on %Ndfa 

was not important. Measurement of light interception in the same trial (Yunusa et al. 

1994a) found that only 20% of total radiation reached pasture canopy on the south side 

of trees (S sub-plot)~ by contrast, 100% of radiation reached the pasture canopy on the 

north side of the trees (Nt sub-plot). The lack of a response by legumes at the N-sub 

plot as a result of full light transmission may have been due to the moisture stress 

experienced in this plot. Topsoil moisture content in the S sub-plot was often higher 

than that in Nt sub-plots (Figure 3.6) due to rain shadow effect (Clinton 1990; Yunusa 

et al 1994a). Moisture stress has been reported to reduce BNF (Janet-Sprent and 

Silvester 1973; Janet-Sprent 1973; Huang et al. 1975; Lie 1981) 

Nitrogen 

rye grass 

clover 

Nitrogen transfer from clover to ryegrass was high in late spring compared with 

other times (Table 4.3). The average %NdfTrans in late spring (60%) was higher than 



118 

the 240/0 reported by Barea et al. (1989). However, the annual amount of < 1.5 g m-2 

was much less than the 4.2 g m-2 reported by Goodman (1988) during summer. Like 

%l'fdfa, the %Ndffrans was effected by DMY and total N of the grass. The DMY of 

ryegrass in ryegrass/clover treatment was remarkably low in late spring (45.9 g m-2
) 

probably due to damage by grass grub. 

There were negative values encountered In the calculation of %Ndffrans 

especially in autumn (April harvest) ranging from -67 to -133% (Table 4.3). This was 

probably caused by the N transfer from clover within the ryegrass monoculture; in late 

spring and summer (December and January harvests) clover contributing up to 20% of 

the dry weight. In late summer (February), after the clover was killed using herbicide, 

it could have decomposed thus benefiting the ryegrass. It has been reported that 

decaying clover are an important michanism for the transfer of N from legume to the 

associated grass (Simpson 1976; Goodman 1988). 

silage 

Total N removal in herbage from lucerne treatment was significantly higher than 

that from other pasture treatments. About 33% of the N removed from the site was 

from soil (Table 4.8). By contrast, the total N removed from ryegrass mono culture was 

the lowest. Since, the N removed in weeds was not analysed, the amount of total N 

removed from ryegrass monoculture has been underestimated. Weeds in ryegrass 

monoculture comprised 42% of the total annual DMY (Table 3.6). 

The amounts of soil N and total N removed in grass/clover mixtures were not 

significantly different (Table 4.8). However, the proportion and the amount of N fixed 
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from the atmosphere that was removed varied between pasture mixtures with the 

ryegrass/clover mixture being the highest (Table 4.8). The soil N removal In 

grass/clover mixtures was mainly by the grass component, as the %Ndfa of clover in 

grass/clover mixture was high ranged from 83 to 970/0 during the growing season 

(Table 4.1). 

The N removed in grass/clover mixtures and lucerne in winter (August harvest) 

largely come from soil N, and ranged from 87% in ryegrass/clover to 100% in lucerne 

(Table 4.8). In grass/clover mixtures, this situation was extended through to early 

spring (October harvest). This was probably due to the low BNF of clover in time of 

low soil temperatures (Table 3.2). When the temperature rose in late spring (December 

harvest) through to autumn (April harvest), the %Ndfa and amount of N fixed increased 

(Table 4.1) and the N removal in the herbage from grass/clover mixtures was mostly 

from BNF (Table 4.8). 

Nitrogen balance in pastures treatments of silvopastural system in this study 

were negative (Table 4.10), because N exported from the system exceeded that of N 

from BNF. In pastures, nutrient loss is mainly through leaching (Nguyen and Goh 

1992) and herbage removal. However, in the area with low rainfall (average 600-750 

mm year-I), the nutrient loss through leaching is considered low (Nguyen and Goh 

1992). 

Nutrient inputs into pasture could be from rainfall, irrigation, animal faeces and 

urine, and BNF (Magat and Goh 1988; Ledgard and Steele 1992; Nguyen and Goh 

1992). Since irrigation and animals were not present in this study, and the N input 

through rainfall was minor (Mag at and Goh 1988), the main source of N input was 
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from BNF. Therefore, the role of BNF in the pasture in a silvopastoral system was 

important. 

In the cut and carry pasture management practised in this present study, the 

fixed N was largely removed from the system. Hence, except the input of N from 

legume roots, quantity of which was not measured, there was only little input from 

BNF into the system. This probably contributed to soil N decrease with time (Table 

3.14). Nitrogen uptake by the trees will have also reduced soil N. The N status (N 

concentration) of grass and legume in the pasture treatments in this study was 

considered as low (Jones et al. 1991)~ the foliar N concentration of radiata in pasture 

treatments in March 1993, except in ryegrass/clover, was also considered as marginal 

using Will's (1985) criteria. 

In further studies, the proportion of herbage chippings needed to be returned to 

the system or the benefit of introducing grazing animal into silvopastoral system would 

need to be investigated to ensure the N balance and the sustainability of the system. 

CONCLUSIONS 

Results from this study show that lucerne fixed about 230 kg ha- 1 N annually 

which was significantly higher than that of clover grown with ryegrass, cocksfoot or 

phalaris. However, lucerne %Ndfa (0.6 to 72%) was significantly lower than clover 

resulting in the high soil N removal. 

Generally, there was no difference in %Ndfa of clover grown with different 

grasses. However, the amount of N fixed varied depending on the persistence and 

productivity of clover in the pasture mixture. The low amount of N fixed by clover 
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in cocksfootlclover and phalaris/clover treatments caused higher soil removal than 

that in ryegrass/clover treatment. 

The atom % 15N enrichment in grass and legume plant, and in the soil decreased 

with time. Likewise, the atom 0/0
15N in the grass and legume root, and in the soil 

declined with depth. The split application of 15N labelled fertiliser was found to be 

useful to maintain the detection of a significant difference of 15N level in grass and 

legume plants for measuring BNF in the field. 

Nitrogen was transfered from clover to grass and ranged from 49 to 71 % in late 

spring. However, the annual amount of N transferred to grass was small being under 

15 kg ha- 1
• 

Nitrogen balance In the pasture treatments was negative showing that N 

removed in the herbage exceeded N input from BNF in the present study when 

harvested herbage was not returned to the plots. 
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The productivity of silvopastoral systems is often determined by interactions 

between trees and pasture plants. Mutual depressive interactions (Cannel 1991) are 

very common due to competition for light, soil moisture and nutrients (Verma 1991) 

especially nitrogen (Dixon 1991). However, careful planning involving selecting 

appropriate tree spacings (Gholz 1987; Hawke 1990; Ong et al. 1991; Sibbald et al. 

1991), pasture species (Haines et al. 1978; Nambiar and Nethercott 1987; Zeihm et al 

1992) and pasture control at the time of tree establishment (Wilkinson et al. 1992; 

Mead et al. 1993) may lead to improved productivity in this system. 

Lincoln University's agroforestry trial is investigating these suggestions. Trees 

in this trial were widely spaced, and the row of trees has been strip sprayed to enhance 

tree establishment, and various mixtures and monoculture pasture species has been 

grown to study their interaction with trees (Mead et al. 1993). The outcome of this 

trial should be beneficial to the establishment of new silvopastoral practices, especially 

those for similar environmental conditions. 

The inclusion of various pasture species and mixtures should assist farmers or 

decision makers to select the right pasture species for silvopastoral systems. The trial 
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could also provide useful information on a particular pasture to help optimise 

production when grown with radiata pine. 

This present Nitrogen Dynamics Study, as one part of the research conducted 

in Lincoln University Trial, has given more information on the performance of different 

pasture species and their interaction with trees, especially in their effects on N balance 

of the system. An overview of pasture performance is presented in this chapter. 

PASTURES 

The expectation that treatments containing legumes would improve tree growth 

and N status (Nambiar and Nethercott 1987~ Zeihm et al. 1992) has not yet been 

proven in this study. All pasture significantly reduced RCD of the trees (Table 3.4). 

Ryegrass/clover and cocksfootlclover treatments did not alter the foliar N content of 

trees (Fig. 3.9), and occasionally phalaris/clover and lucerne treatments even reduced 

their N content of the tree (Fig. 3.9). The low foliar N in radiata pine grown with 

lucerne and phalaris was a result of lighter fascicle dry weight (Fig. 3.7), since the 

foliar N concentration was not significantly different among treatments (Fig. 3.8). This 

was probably due to competitive effect of legumes for soil moisture and N; understorey 

management might have contributed to the depression because the herbage was cut and 

removed from the site. 

Many researchers have reported the depressive effect of legumes and 

grass/legume mixtures on tree growth (Richard and Bevege 1967 ~ Turvey et al. 

1983/1984; Waring and Snowdon 1985; Cole and Newman 1986; Clinton 1990). 

Waring and Snowdon (1985) conducted an experiment in a dry area where the average 
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annual rainfall was 800 mm and competition for soil moisture was important. Clinton 

(1990) has also found competition between trees and perennial ryegrass/white clover 

for soil moisture and N. By contrast, in an experiment conducted in a wetter area 

(average annual rainfall 1470 mm), inclusion of pasture legume in plantation forest has 

given satisfactory result (Zeihm et al. 1992). Water stress has been found as a limiting 

factor for needle growth (Raison et al. 1992). The area where this present study was 

conducted is regarded as a dry area and the rainfall over the study period of one year 

was 878 mm. 

The effect of competition between trees and understorey vegetation on diameter 

was greater than the effect on tree heights and similar results have reported elsewhere 

(Will and Hodgkiss 1977; Kingsbury 1993). Kingsbury (1993) found that competition 

for water reduced seedling diameter but not height. Nitrogen stress has also been 

reported as having a similar effect on trees (Will and Hodgkiss 1977). 

The understorey management practised in this present study was different from 

that reported by other researchers (Mead and Gadgil 1978; Baker et al. 1986; Nambiar 

and Nethercott 1987; Zeihm et al. 1992) who found that legumes have improved N 

content of trees. The basic difference was that unlike these other studies where the 

legumes were left on the site, the pastures in this study were harvested and removed 

for silage. In the study where the legume was not removed most of the N in them, 

after mineralisation, become become available for trees. Eventually, the N content of 

the tree was improved. In this present study, although topsoil total N of 

ryegrass/clover in 1992 and 1993, and cocksfoot/clover and phalaris/clover in 1993 

were significantly higher than that of bare ground control, the total N in all treatments 
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decreased with time (Table 3.14). This suggested that soil N removed from the site 

in herbage, exceeded N input through N BNF. The N balance of the pasture treatments 

were therefore negative (Table 4.6). In addition, the trees would have been extracts 

N from the soil. 

Therefore, further detailed study needs to be conducted to assess the allowable 

herbage removal to ensure N balance in the system. This could improve the pasture 

management in the silvopastotal system for maintaining sustainable production. 

Without careful pasture management, obviously a silvopastoral system with cut and 

carry pasture management represents a massive exploitation of resources, particularly 

soil moisture and N. 

The competition between pasture plants and radiata pine which resulted in the 

reduction of diameter of the pine. The rows of trees were strip sprayed (1 m wide) in 

spring 1990 and 1991 (Mead et al. 1993) to ensure good tree establishment and growth. 

Other researchers have suggested this practice should be satisfactory (Balneaves 1982; 

West 1984; Glass 1985). Balneaves (1982) found that herbicide applied in 1 m wide 

bands along the row of seedlings gave good survival and growth of the seedling. 

Nevertheless, this present study found that 1 m wide bands were insufficient to 

eliminate the competition from pasture plants. In particular when trees are grown with 

lucerne, a wider strip is necessary, to ensure that the deep rooted lucerne (McKenzie 

et al. 1990) does not interfere with tree growth in early stages. This opens another 

research opportunity to determine the optimum strip sprayed area or band for different 

pasture plants. 
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Selection of understorey vegetation to use as intercrops to Improve forest 

productivity is important (Haines et al. 1978~ Nambiar and Nethercott 1987). Likewise, 

choosing appropriate pasture plant for the silvopastoral system is important to ensure 

high tree survival and growth, and high understorey plant production. The present 

study found that different pasture plants gave various degrees of competition with trees 

despite their outstanding characteristics as species chosen for conventional pastures. 

Lucerne, for example, was the most severe competitor for trees. It reduced tree height 

up to the second growing season (1992) (Table 3.4), tree ReD by 31 %, and 

occasionally reduced fascicle dry weight (Fig. 3.7), and foliar N content (Fig. 3.9). 

Lucerne has been described as a deep rooted legume (Langer 1990~ McKenzie 

et al. 1990), well adapt to dry conditions. Lucerne has been reported as producing a 

high DMY even in dry areas (Hayman 1985~ Sheldrick et al. 1987; Baars et al. 1990~ 

Langer 1990). A high transpiration rate of lucerne, which exceeded its DMY, has also 

been observed (Sheehy et al. 1984). These characteristics might have contributed to 

the depession of tree growth and its foliar N status. 

Furthermore, lucerne made for silage was found to result in greater removal of 

soil N from the site compared with other treatments (Table 4.4). Lucerne produced a 

higher annual DMY of 10,000 kg ha-1 than other pasture treatments (Table 3.6). 

Although the total N concentration of lucerne was not significantly different from other 

treatments (Table 3.12). This high DMY resulted in a high N removal (Table 3.10). 

As lucerne has a low %Ndfa of 71 % the high N removal led to a high N demend from 

the soil (Table 4.4). 
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The ryegrass monoculture had less effect on trees than lucerne. It only reduced 

tree RCD by 14%. But ryegrass monoculture has very small DMY (1900 kg ha- 1
) 

(Table 3.6) and total N concentration (Table 3.12) compared with lucerne. Thus 

although it was good from the tree growth point of view, the use of a ryegrass 

monoculture may be defficult to justify, as it could support fewer animals than other 

options. Furthermore, planting ryegrass as a monoculture would not necessarily 

suppress weed growth. The ryegrass monoculture plots contained high amount of 

weeds (Table 3.6), and had to be herbicide sprayed. 

Grass/clover mixtures had less effect on tree growth than lucerne. Clovers in 

these mixtures had higher %Ndfa than lucerne (Table 4.1). Furthermore, the DMY of 

the mixtures were more than twice as high as the rye grass monoculture (Table 3.6). 

Compared with lucerne, however, the productivity of the grass/clover mixtures were 

significantly lower (Table 3.6). 

Phalaris/clover reduced tree RCD by 24% and occasionally reduced foliage dry 

weight and foliar N content (Fig. 3.9). However, this mixture gave safer supply of 

animal feed. During winter and spring, phalaris dominated the mixture (93 and 75% 

of DMY, respectively) while during summer and autumn clover became more dominant 

(74 and 67% DMY, respectively). Phalaris was semi-dormant at this time (Langer 

1990). 

Cocksfootlclover reduced tree RCD by 19% and it had a high DMY of 5100 

kg ha- 1 (Table 3.6). Clover in this mixture has a high %Ndfa which reached 970/0 in 

late spring (Table 4.1). However, the absolute amount of N being fixed was low 

(Table 4.1) due to the suppression of clover by cocksfoot (see Table 3.6). 



128 

This study found that ryegrass/clover showed good characteristics to use in a 

silvopastoral system. Although improvement of tree growth has yet to be observed, its 

effect on tree growth to date has been small- ReD reduced by 19% and foliar N status 

of the tree was not significantly reduced. Despite the devastation of ryegrass by grass 

grub, rye grass/clover mixture has high DMY of 5500 kg ha- 1
• Total N concentration 

and %Ndfa were high but soil N removal was low and there was a better N balance 

between N fixation and N removal by silage. 

The total N concentration of pastures and %Ndfa of legumes (lucerne and 

clover) were not affected by the presence of trees (Tables 3.13 and 4.1), therefore N 

yield of pastures and amount of N fixed by legumes were determined by pasture and 

legume DMYs. On annual basis trees reduced growth of legumes but not overall 

pasture growth (Table 3.6). The low productivity of the legume components was 

compensated by higher yield of grass (Table 3.6). On a seasonal basis the total pasture 

and legume productivity were significantly affected by the presence of trees except 

during winter (Table 3.6). 

As expected the pasture production midway between the tree rows was higher 

than close to the trees except in early spring, pasture in north of the trees out-yielded 

other areas (Table 3.7). Yunusa (1994) suggested that in early spring (October 

harvest), pasture at the S sub-plot has low growth due to low soil temperature and light 

transmission, while pasture at the N-sub-plot received full light transmission and 

therefore soil temperature was relatively high. 
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By late spring (December harvest) through to autumn (April harvest) the DMY 

of pastures and legumes in north of the trees was similar to and occasionally lower 

than that south of the trees (Table 3.7). This probably due to low soil moisture content 

(Fig. 3.6) which resulted from a rain shadow effect (Yunusa 1994). Pasture DMY 

midway between the tree rows at approximately 3 3.5 m from the tree there was less 

effect of tree competition. This is similar to what Clinton (1990) found. 

There was a significant correlation between amount of N fixed with legume 

DMY (r= 0.999). This result confirmed reports by other researchers (Butler and Ladd 

1985; Ledgard et al. 1988). Legume persistence is important to maintain high BNF 

and this is known to be a problem under silvopastoral systems using clover. 

Legume growth in this study was probably limited by light interception and low 

soil temperature especially in early spring (October harvest) when soil moisture was 

not limiting (Yunusa 1994). By late spring (December harvest) the legume growth was 

determined by soil moisture content when rain shadow effect from trees become 

apparent (Fig. 3.6). The depressive effect of trees on crop and pasture growth in 

agroforestry has been recognised (Hawke and Maclaren 1990; Sibbald et al. 1991; 

Sharma 1992; Chamshama et al. 1992). Hawke and Maclaren (1990) reported that 

pasture production under three years old radiata pine (tree stocking 400 stem ha- 1
) was 

only 80% of that of open pasture. This was mainly ascribed to the lower light 

transmitted under the trees. The changes of microclimate such as light and rain 

interception and temperature, due to the presence of trees has been commented on by 

many people (eg. Borough 1978). In this present study the effect of rain interception 

was likely to be more important than light interception. 
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However, the proportion of N fixed from the atmosphere (%Ndfa) was not 

affected by the presence of trees (Table 4.2). The %Ndfa in spring and summer ranged 

from 81 to 87% which is considered a high level (Table 4.2). Other estimates of 

%Ndfa for red clover and lucerne ranged from 86-970/0 and 70-88%, respectively 

(Ledgard et al. 1985a~ Boller and Nosberger 1988). This result suggested that 

reduction due to lower light and moisture close to the trees affect legume growth more 

than its N fixation ability. This is against the finding of many researchers who found 

that light and moisture stress reduced N fixation capacity of legume (Roponen 1970; 

Whitehead 1970; Janet-Sprent and Silvester 1973; Huang 1975~ Ching et al. 1975; 

Bethlenfalvay and Phillips 1977). 

From the above facts, it IS obvious than in order to improve BNF in 

silvopastoral system, factors affecting legume growth and persistence need to be 

considered. To clarify the relative importance of light interception and soil moisture 

stress on BNF, irrigation treatment might be worth including in further studies. 

15N ISOTOPE 

In general the use of the 15N isotope dilution technique to study BNF and N 

transfer from clover to ryegrass, has given satisfactory results despite a few limitations. 

However, these limitations were mainly due to technical problems such as insufficient 

15N enrichment of the soil with time, instead of the limitation of the technique. Six 

month interval of split 15N labelled fertiliser application was too long. The 15N level 

found in the soil 6 months after application was close to that of the background 

(unlabelled soil) (Table 4.9). In some cases this resulted in the negative value of 
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%Ndfa of lucerne measured in August 1993 (winter harvest). The decline of %l5N 

atom in the soil with time has been reported (Hamilton et al. 1992). This was also in 

agreement with the results reported by Ledgard et al. (1985d) who studied the 

correlation between the level of 15N isotope applied in the soil and that in plant. These 

workers found that when the level of 15N in the soil was low, there would be small 

difference between atom % 15N of legume and grass (Fig. 2.4). Data in Figure 4.3a 

showed that in winter (August harvest) the average atom % 15N in lucerne was very 

close to that of the grass compared with that in ryegrass/clover pasture (Fig. 4.3b). 

Since negative values of %Ndfa were found only in winter measurements 

(August harvest), when N fixation was usually low (Table 4.1), these results would not 

invalidate the overall results of this biological N fixation experiment. 

Nitrogen transfer from legume to grass was considered to reduce the accuracy 

of the result of BNF measurement using 15N dilution technique (McAuliffe et al. 

1958). The transfered N contains low atom %15N which might dilute the soil 15N in 

the grass sward which eventually underestimates the %Ndfa of the legume studied 

(McAuliffe et al. 1958). Although N transfer from clover to ryegrass in ryegrass/clover 

mixed pasture was detected in this study, the amount transfered was insignificant 

(Table 4.3), it is not likely to reduce the accuracy of the BNF measurement. The 

%Ndfa measured in this study was considered as high (Boller and Nosberger 1988; 

Ledgard et al. 1985a), since in the grass/clover pasture it was above 80%. Therefore, 

overall measurement of %Ndfa using 15N isotope dilution technique has given 

satisfactory results. 
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Foliar N status of radiata pine was occasionally reduced by pasture treatments 

but this did not alter the foliar N dynamics pattern with time. Hence, any sampling 

procedures to asses N status of radiata pine trees used in plantation forest such as 

suggested by Will (1985) may be used to assess the N status of radiata pine in 

silvopastoral systems. 

Pasture treatments had a range of effect on tree growth and foliar N status, with 

lucerne treatment being the most severe competition for the trees. Lucerne reduced 

tree growth and occasionally reduced foliar N content. It appears this partly because 

lucerne has a high DMY, total N concentration, and low %Ndfa which resulted in high 

N removal from the soil. Therefore, carefull selection of pasture species to be used in 

silvopastoral system is important. In this regard the rye grass/clover appeared to be the 

most promising combination studied. 

Radiata pine trees did not affect total N concentration of pastures and %Ndfa 

of lucerne. However, the tree reduced seasonal pasture DMY except in winter, which 

implied to the effect of trees on N yield and amount of N fixed from atmosphere. 

Soil moisture and N were likely to be the important resources competed for by 

pasture plants and radiata pine trees. Soil moisture content close to the row of trees 

were lower than that midway between two rows of trees. Rain shadow effect from 
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trees further lowered moisture content of the soil at the north side of the a row of trees. 

Competition for N was manifested in the occasional marginal N status of trees, and low 

N concentration of pastures. Nitrogen balance in this cut and carry understorey 

management-silvopastoral system was negative suggesting that N removal in the 

herbage exceeded the N input from BNF. The role of BNF and the subsequent 

treatments of pasture residues in this silvopastoral system are important in order to 

minimise the amount of soil N removed from the system. The %Ndfa of clover in any 

grass/clover mixtures was not significantly different suggesting that BNF of clover is 

not affected by legume/grass mixtures. The %Ndfa values of clover (83-97%) were 

significantly higher than those of lucerne (71-72%) during spring and summer (October, 

December and January harvests) suggesting a greater proportion of the N in clover was 

derived from the atmosphere tan from the soil N. 

Soil total N in all treatments decreased with time. Pasture treatments including 

legume did not significantly improve the soil total N with time, although the soil total 

N under ryegrass/clover, cocksfootlclover and phalaris/clover was significantly higher 

than that in the bare ground control. The cut and carry pasture management as 

practised in this experiment might be one of the reasons why pasture treatments 

including legume did not improve soil total N with time. 

Overall, the use of lsN isotope dilution technique gave satisfactory estimation 

of %Ndfa of legume, and N transfer from legume to grass. The atom %lsN enrichment 

in the soil decreased with time. The lsN labelled fertiliser should be applied at closer 

intervals (less than 6 months) to maintain the accuracy of %Ndfa measurement. 
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Appendix 1. Calculation of the requirement of labelled and unlabelled fertiliser applied in 
the microplot and boundary plot. 

source. 

Want to add 1.825 g N ha- l year-I. This amount is equal to 182.5 mg m-2 year-I. For 0.3 m2 

microplot need {182.5 mg N x (0.3 m2/l m2)}= 54 mg N. This is the amount of N per 10 

ml aliquot of stock solution for each microplot. To fertilise 45 microplot minimally need 450 

ml aliquot. However, in this experiment 500 ml aliquot was prepared. For 500 ml stock 

solution will need 2700 mg N or 2.7 g N which is equal to {2.7 g N x (l moV14.0067 g)}= 

0.1927649 moles of N. The 14.0067 is the mean of N weight. 

Al and A2 are the atom %15N excess required in the experiment and that of the enriched 

source, respectively, and E and (l-E) are the proportion of the amount of (NH4)2S04 from 

enriched and diluting sources. Thus AI= 30-0.366= 29.634; 60-0.366= 59.634; 

A/A2= 0.4969313; and (I-E)= 0.5030687. 

Moles needed from the diluting source= 0.1927649 moles x 0.5030687= 0.096974 moles. 

Moles needed from the enriched source= 0.1927649 moles x 0.4969313= 0.0957909 moles. 

Thus the amount of N needed from the diluting source is {0.096974 moles x 14.0067 g mole-

l}= 1.3582857 g N, the amount of N from the enriched source is {0.0957909 moles x 14.6012 

g mole- l }=1.3986623 g N. 

The 14.0067 and 14.6012 are mean of N weight, and 15N weight, respectively. 
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Finally, the amount of (NH4)2S04 needed from the diluting source is {1.3582857 g N x (l g 

(NH4)2S0/0.2119979 g N g-l)}= 6.4070715 g, and the amount of (NH4hS04 needed from 

the enriched source is {1.3986623 g N x (1 g (NH4)2S0/0.22099591 g N g-l)}= 6.3289061 

g. The 0.2119979 and 0.22099591 are the mean weight of N, and I5N weight per gram of 

(NH4)2S04' 

(B) Calculation of unlabelled (NH4)2S04 required for boundary plots. 

Amount of N to be added= 1.825 kg N ha-I year-I. 

The size of a boundary plot= 1.2163 m2. 

The amount of N needed per boundary plot= {1.825 kg N ha-I x (1000 g kg-I) x 

(1 haJ10,000 m2) x 1.2163 m2}= 0.221974475 g N. 

The mean of N weight= 14.0067 g. 

The N content in every gram of (NH4)2S04= 0.2119979 g. 

Thus amount of (NH4)2S04 required in each boundary plot is= 

{(0.221974475 g N/O.2119979 g N) x 1 g (NH4)2S04}= 1.0470598 g. This is the amount of 

N per 10 ml aliquot of stock solution for each boundary plot. Five hundred aliquot was 

prepared to fertilise boundary plots. Therefore, this needed {(500 m1l10 ml) x 1.0470598 g}= 

52.35299 g (NH4)2S04. 

The calculation above was the amount of labelled and unlabelled (NH4)2S04 required in each 

application (In August 1992 and February 1993). 


