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ABSTRACT 

Appropriate pre-sowing methods for oversowing new plant germplasm and the 

presence of productive legume are of key importance to deve lopment of New 

Zealand h i l l  country. A pastoral fal low, which involves not defo liat ing pasture 

for a period general ly from spring to autumn ,  has profound inf luence on plant 

and soil ,  and creates a potentia l ly favourable environment for introducing 

improved germplasm. A series of field and g lasshouse experiments examined 

the response of pasture structure, soi l  properties and natural reseeding to 

pastoral fal low, and the post-fal lowing  effects on white clover (Trifolium repens 

L.) and pasture growth in  moist North Island h i l l  country, New Zealand. 

Pastoral fal lowing effectively reduced the plant population density and altered 

the structure of a h i l l  sward. A seven-month (October - May) pastoral fal low 

dramatical ly decreased the densities of grass t i l lers by 72%, white c lover 

growing  points by 87% and other species by 87%. The decl ine i n  t i l ler density 

by pastoral fal low was enhanced on a shady, south facin g  aspect. Root 

growth and distribution was altered by pastoral fallowing and there was 

significantly less root biomass at 0 - 50 mm depth of soi l  in the fal lowed than 

the grazed sward. Decreased p lant density during pastoral fal lowing was 

attributed to above-ground biomass accumulation which a ltered sward 

structure, leading to i nter-plant competition and mortality by sel f-thinn ing and 

completion of the l ife circle of some matured plants. 

Pastoral fal lowing  significantly improved soil physical properties .  Compared 

with the grazed treatment, pastoral fallow increased soil air permeabi l ity at 500 

mm tension by 38%, saturated hydraul ic conductivity by 26%, unsaturated 

hydraul ic conductivity at 20 mm tension by 56% and soil moisture by 1 0  -

1 5%, and reduced soil bu lk density by 1 1  % at the end of an October - M ay 

pastoral fallow. Pastoral fal low had l ittle effect on the concentration of most 



i i  

n utrients in  soi l  both at  the end of fallowing and two to three years after 

fal lowing .  

A spring  - autum n  pastoral fal low increased the viable grass, legume and 

weed seed population by 5 1 -1 60%, compared with the grazed control. The 

variation  in  viable seed population during the fal low fol lowed a predictable 

pattern , which could be used to manipulate natural reseeding in  practice . 

Regression analysis revealed that the patterns  of cumulative seedling 

appearance fol lowed a modified negative exponential function. Partial 

d ifferentiation of this function derived a germination rate curve on which a two

pool (rapidly germinable pool and base pool) model was developed to 

quantitatively describe the seed dynamics of soi l  viable seed reserves. 

Short-duration (partial) pastoral fal low had a marked effect on plant population 

density and natural reseeding. Pastoral fal lows starting from December, 

January and February or March with n itrogen addition and ending in June 

considerably reduced p lant population density. Most partial pastoral fallows 

also considerably reduced viable seed population of al l  p lant species, except 

for December to June fal low which had a higher viable grass seed population 

than the grazed sward. 

Pastoral fal lowing increased d ispersion of white clover stolons by internode 

e longation. At the conclusion of a pastoral fallow, the clover stolons initiated 

branching, and grasses in itiated t i l lering .  Their growth and competition 

resu lted in a greater grass growth rate in the first two years after fall owing ,  

and a greater white clover yield and content with an increase in  clover patch 

density and size 3 - 4 years post-fallowing, compared with the grazed 

pastures. 

Key words: hi l l  pasture , pastoral fall ow, plant population density, soil physical 

properties, stolon ,  sward structure, viable seed population ,  white clover. 
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PREFACE 

Pastoral fal low - what is it? Why do you do it? How does it affect p lant and 

soi l in  a h i l l  pasture? When and how long do you do it? What are its short

and long-term effects on pasture species composition and yield? This thesis 

p rovides answers to these questions. 

This thesis is based on a series of papers that have been prepared for 

publ ication ,  p receded by Introduction and Objectives (Chapter 1 )  and General  

Literature Review (Chapter 2) , and succeeded by General Discussion and 

Conclusion (Chapter 8) .  A series of experiments were undertaken to quantify 

the effects of pastoral fal low on pasture p lant, soi l ,  natura l  reseeding and 

white clover g rowth behaviour in  a natural ised hi l l  pasture at the AgResearch 

Hi l l  Country Research Station, 'Ballantrae' near Palmerston North , New 

Zealand. 

Chapters 3 and 4 are based on a field experiment where a fal lowing t reatment 

was imposed from October 1 993 to May 1 994. Chapter 3 describes changes 

in plant population density and sward structure of a m ixed-species h i l l  pasture 

during the experiment, and the application of self-th inning rule to the fal lowed 

treatments. Chapter 4 compares plant root g rowth and soi l  physical and 

chemical properties between fal lowed and grazed swards. To describe the 

long-term effects of pastoral fallow on soi l chemical characteristics, soi l 

samples were taken and analysed from plots with previous fallowing h istory 

(Experiment 2 i n  Chapter 4) . 

Since the seed production by pasture plants and resultant d rop in  plant/t i l ler 

density by fallowing were considered as an opportunity to reseed, 

i dentification and numbers of seedlings germinating from turf plugs kept in a 

g lasshouse were recorded to examine the effect of pastoral fal low on the 

potential to naturally reseed. Chapter 5 gives quantitative descript ions on 1 )  
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the patterns of seed germ ination for various p lant species after fal lowed and 

g razed treatments (Experiment 1 in the chapter) , and 2) variation of natural 

reseeding during the October 1 993 to May 1 994 pastoral fal low (Experiment 2 

in  the chapter) .  

Chapter 6 describes the impact o f  t iming and duration o f  pastoral fallow and 

n itrogen ferti l iser on p lant density, sward structure ,  natural reseeding and 

white c lover g rowth in a f ield experiment from December 1 994 to September 

1 995. Seed germination from soi l  plugs held over seven-months in a 

g lasshouse was recorded to estimate the capacity of natural reseeding in  

various t reatments fol lowing the field experiment. 

Chapter 7 describes the short- and long-term effects of pastoral fal low on 

herbage production and p lant population density with emphasis on white 

clover g rowth and d istribution. The results of the experiment examining the 

short-term effect of pastoral fallow, based on the experiment described in 

Chapter 3 ,  are presented as Experiment 1 in  this chapter. The long-term 

effect of pastoral fallow was investigated on plots with a series of fal lowing 

h istory (Experiment 2 in the Chapter) .  

S ince the ind ividual papers are self-contained with their reference l ist ing , 

separate reference l isting is g iven for Chapters 1 ,  2 and 3 as well .  The 

context and/or structure of individual papers have been modified to fit into 

chapters ,  which are integ rated into the thesis. 



Chapter 1 

General Introduction and Objectives 
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Pasture in h i l l  and mountain land is an important resource of agriculture in  the 

world and its potential for improvement is substantial (Riveros,  1993). Half of 

New Zealand's g rassland occurs on h i l l  and h igh country (White, 1990). 

Deterioration and reduced carrying capacity a re features common to the h i l l  

country pastures due to low fert i l ity , overgrazing ,  weed invasion and soi l  

e rosion etc. (Madden e t  a I . ,  1949; G rant et aI . ,  1973). The improved 

management of pastures to achieve a sustainable and low-input h i l l  farming 

system is of significant importance to New Zealand pastoral industry and 

economy (Hight, 1979; White, 1990; Caradus et aI . ,  1996). 

The key to pasture improvement in N ew Zealand h i l l  country is the presence of 

productive legume (Ball et aI . ,  1982; White, 1990). Due to the steep slopes and 

uneven contour  of the hil l country, the only feasible technique for the introduction of 

new plant germplasm to improve pastures is oversowing, although it is a 

notoriously unrel iable method (Grant et al., 1973; Barker and Zhang, 1988; White, 

1990). Successful establishment of the introduced germplasm with this technique 

necessitates the use of herbicide to reduce competition of resident vegetation and 

fertilizer to build soi l  fertility (Suckl ing ,  1959; Cul len, 1969; Macfarlane and 

Bonish , 1986; Barker and Zhang , 1988). However, use of herbicide in h i l l  

country is costly and incurs social concerns about chemical use.  Other  p re

sowing methods such as bu rning and stock treading do not reduce densities of 

resident p lant species (White, 1977) and their role  in control l ing competition 

from resident vegetation is l im ited . 

H istorically, sabbatical fallowing has been used to increase soil moisture, bui ld soil 

fertil ity, restore soil structure and improve plant growth post-fallowing (Lamb et aI., 

1985; Bowen et aI., 1988; Thorburn, 1992). During the past few years, pastoral 

fallow, which involves no defoliation of pastures for a period generally from spring 

to autumn, has been studied in an attempt to improve the productivity, persistence 

and management of New Zealand hi l l  pasture (Mackay et aI., 1991; McCal lum et 

a I . ,  1991; Mountfort, 1996). 
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Pastoral fallowing substantially changes sward structure, reducing plant density 

and increasing individual plant size as predicted by the self-thinning rule (Yoda et 

aL, 1 963, Weller, 1987). Moreover, Mackay et aL ( 1 991 ) found that the 

mineralization of soil organic matter and the release of legume-fixed n itrogen is 

stimulated by pastoral fallowing. Both legume and pasture growth rates in the 

following summer were higher on the pasture left fallowed the previous year. 

When cattle graze accumulated herbage material at the end of a pastoral fallow, it 

may present a favourable environment for oversowing pasture species, taking 

advantage of the reduced competition from resident vegetation and improved soi l 

conditions and nutrient supply (Barker and Dymock, 1 993) . However, a spring to 

autumn fallow can result in abundant seeds produced by resident plants 

(McCallum et aL , 199 1 ) ,  which may impose strong competition on oversown 

species. Techniques to control natural reseeding may therefore be necessary if a 

pastoral fallow is used as a management tool for oversowing hil l pastures. 

Legume-based pastures play a key role in the sustainable and low-input system of 

pastoral farming (Riveros, 1 993) . The basis of increasing pastu re yield and 

qual ity in New Zealand hi l l  pasture is by increasing content and growth of 

legumes, usually wh ite clover (Trifolium repens l.) (Grant et aL , 1 973; Ball et 

aI . ,  1 982; Wi l l iams et a I . ,  1 982) .  Since seedling regeneration of wh ite clover is 

rare in moist hi l l  country (Chapman , 1 987) , manipulation of vegetative spread 

(stolon elongation and branching) through pasture and grazing management is 

crucial to improving the productivity and persistence of white clover in this type 

of h i l l  pasture. 

This thesis reports on a series of field and glasshouse experiments designed to 

examine the response of a hi l l  pasture and soil to pastoral fallow. The effects of 

contrasting aspects and soil fertility both during and post fallowing were also 

examined. The objectives were: 
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1 )  to quantify the changes in plant population density, sward structure ,  natural 

reseeding, and soil physical and chemical properties during an October to 

May fallow; 

2)  to examine how these changes are affected by varying soi l  fertility status, 

aspect, and the timing and duration of pastoral fallow; 

3) to investigate the response of white clover and grass growth up to 4 years 

post pastoral fallowing. 

4) to develop decision rules for manipulating pasture components, based on 

an ecological understanding of the interaction between a pastoral fallow and 

sward characteristics: 

a) creating low plant density and low reseeding environment in the 

autumn for oversowing improved plant germplasm; 

b) improving white clover content in a low fertility hil l pasture. 
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This chapter provides an overview of New Zealand h i l l  country pasture 

improvement, with emphasis on the role and performance of white clover 

(Trifolium repens L) in h i l l  country. More specific reviews precede each 

chapter. 

2.1 I NTRODUCTION 

Hi l l  pasture is a major resou rce of the New Zealand pastoral industry. Of the 

total 1 9  mi l l ion ha of pasture ,  there are about 5 mi l l ion ha surface sown on 

unploughable h i l l  country (mainly in the North Island) ,  and almost 5 mi l l ion ha of 

h i l l  and h igh country pasture in the eastern districts of the South Island (White, 

1 990) . H i l l  country farming is a major enterprise and a key aspect of the New 

Zealand economy in terms of land area, l ivestock carrying numbers and the 

volume and export value of animal products (Hight, 1 979; White, 1 990). 

New Zealand hi l l  country is complex, not only in  the intricate combinations of 

steep slopes and aspects that occur within short d istances, but also in the 

range of cl imate and micro-cl imate present. Annual rainfall varies from 300 to 

over 2000 mm with most h i l l  country in  the 635 - 1 500 mm range. Temperature 

also varies dramatically from the north to south . North-westerly winds in the 

drier eastern hi l l  country of both Islands have a marked local desiccating effect 

on pastu res, reflected in  the large d ifference and seasonal variation i n  pasture 

composition and production between the sunny and shady aspect (White, 1 977; 

Radcliffe , 1 982) . Soi l  patterns are complicated because of the d iversity of 

parent materials , the effect of volcanic activity and other  soil-forming factors 

e .g .  c l imate, vegetation and topography. 

The large variations in cl imatic, edaphic and topographic factors resu lt in a 

g reat d iversity of h i l l  country pastures both reg ionally and on a single farm or  

even within  a h i l l  paddock (Chapman and Macfarlane, 1 985; Scott et al. , 1 985) . 

Pasture production varies from about 1 400 to 1 3000 kg dry matter (OM)/ha on 

dry to wet hi l l  faces and up  to 22000 kg DM/ha on stock camps (Hight, 1 979) . 
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Pastures are botanically complex. Pasture composition varies from browntop 

(Agrostis capillaris L.) dominance with some sweet vernal (Anthoxanthum 

odoratum L. ) ,  Yorkshire fog (Holcus lanatus L.) , dogstail (Cynosurus cristatus 

L. ) ,  danthonia (Rytidosperma spp . ) ,  suckling clover (T. dubium Sibth . ) ,  wh ite 

clover and Lotus spp. in the wetter areas, to danthonia dominance with ratstai l 

and other minor species in drier situations (Scott, 1 979 ; Scott et al. , 1 985) . 

Legume content in hi l l  pastures is often low which further affects the total 

pasture production and quality (Stevens et al. , 1 993) . The average stock

carrying capacity is about 7 stock units (s .u . )/ha, with 2.5 s.u '/ha on the South 

Island hil l country and 1 0  s.u '/ha on the easier and wetter land in the North 

Island (Hight, 1 979) . 

Over the past decades considerable improvements of hi l l  pastures have been 

made through oversowing, fertil izer, subdivision and increased stocking rate. 

For example, pasture productivity increased from 5600 to 1 1 500 kg DM/ha on 

h i l lsides at the Te Awa hi l l  pasture research area near Palmerston North 

(Suckling, 1 959, 1 960, 1 966, 1 975) . The extent to which these pastures can be 

manipulated on a farm basis towards pastures with a higher legume content 

and better producing grasses is substantial (Hight, 1 979) .  

2.2 HILL COUNTRY PASTURE IMPROVEMENT 

2.2.1 History of hi l l  country pasture improvement 

The conversion of forest to grassland was one of the major activities in the 

early stages of pasture development in New Zealand (Levy, 1 955) . The forests 

were fel led during the winter and early spring and burned before oversowing 

grass and legume species. Fol lowing burning and oversowing , secondary 

growth of fern and scrub such as gorse( Ulex europaeus L.) was often a 

problem on deforested h i l l  country in wetter districts of North Island. The main 

technique of dealing with this problem involved the classical 'hoof and tooth' 

treatment, aided by further burning, fencing, scrub cutting and hand oversowing 
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(Levy, 1 955; White, 1 977) . Grazing pressure and the use of cattle was the key 

to control reversion to fern and scrub. Animal species in a h i l l farm involved 

cattle or cattle and sheep, and the stocking of deforested hi l l  country entirely 

with sheep could lead to d isaster (Levy, 1 955) . In the tussock grasslands of 

South Island h i l l  and h igh country, the development in the n ineteenth century 

was by widespread burning and a rapid increase in stock numbers. The 

problem of grassland deterioration again appeared due to natural reduction in 

soi l  fertil ity and poor persistence of the grass sown to the h il ls, encouraged by 

regu lar burning, overgrazing and rabbits from 1 880s to 1 950 (Madden et aI . ,  

1 949; O'Connor, 1 987) . As a result, pasture production and stock numbers 

have been steadily decl ining. Agronomic improvement of tussock lands and 

rabbit control started in 1 950 have addressed the problem in some situation 

(O'Connor, 1 986 and 1 987) . 

Before the middle of this century, pasture improvement on hi l l  country in New 

Zealand was mainly concerned with introduction and maintenance of species at 

the existing level of soil fertil ity, which was mostly very low (White , 1 990) . 

Limited by the topographical conditions in h i l l  country, large scale improvement 

of h i l l  pastures was not possible until the late 1 940s when aerial top-dressing of 

fertil izer and oversowing of improved species and cultivars were adopted in 

New Zealand. During 1 950s, l ight aircraft was actively used in h il l country 

(Levy, 1 955) , and about 2 mil l ion ha of permanent pastures were topdressed 

and oversown (Robinson and Cross, 1 960) . This technique was developed 

rapidly and farmers could quickly improve pasture production and quality 

fol lowing the correction of soil nutrient deficiencies and introduction of new 

pasture species by air (White , 1 990) . 

Meanwhi le, considerable research work has been done to support the 

development and improvement of hil l country pastures. Suckl ing ( 1 959, 1 960, 

1 964, 1 975) reported the improvement from oversowing, fertil izer appl ication , 

subdivision and increased stocking at the Te Awa hi l l  pasture research station 

near Palmerston North . Comprehensive research on pasture species, pasture 
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and grazing management, soil fertil ity and ferti l iser use, and animal nutrition 

were documented at Ballantrae hi l l  country research station and Whatawhata 

hi l l  country research station (Brougham et a I . ,  1 974; Gil l ingham, 1 980, 1 982; 

Lambert et aL, 1 982; Sheath , 1 982, 1 984; Will iams et aL, 1 982; Chapman et 

aL , 1 985; Barker and Zhang, 1 988; Mackay et aL , 1 99 1 ) .  I n  South Island ,  a 

considerable contribution has been made to improve the h i l l  and high country 

pastures in a wide research area (Scott, 1 979 ; Scott et aL ,  1 985; White and 

Meijer, 1 978; White, 1 990; O'Connor, 1 986) . The transfer of these research 

achievements into practice has substantially influenced the improvement of 

New Zealand hi l l  country pastures. 

2.2.2 Limitations to hi l l  pasture production 

Moisture, temperature, soil ferti l ity and pasture/grazing management are 

considered the four  main l imitations to pasture growth in the hi l l  country of both 

Islands (Chapman and Macfarlane, 1 985; Scott et al. , 1 985). Soil moisture and 

temperature are largely affected by hi l l  topography, i .e. aspect and slope . Soil 

ferti l ity and pasture/grazing management can be manipulated in a hi l l  farming 

system. 

2.2.2.1 Moisture, temperature and their alteration by aspect and slope 

Hil l  country in New Zealand can be divided by moisture conditions into two 

main areas: 'summer moist' where rainfall during summer is rel iable and 

'summer dry' where rainfall in summer is low and droughts can occurs 

(Thomson , 1 983) . Topographical conditions such as aspect can greatly affect 

soil moisture content due to considerable difference in solar radiation and 

potential evapotranspiration between contrasting micro-envi ronments, e .g .  

sunny and shady aspects (Radcl iffe , 1 967 and 1 981 ) .  Even in the regions 

generally considered summer-moist or wet, moisture stress can occur regu larly 

on steep , north faces (Chapman and Macfarlane, 1 985) . Bircham and 
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Gi l l ingham ( 1 986) found that, in h i l l  country with h igh rainfal l ,  the total effective 

rainfal l  contributing to the soil moisture storage avai lable for plant use may be 

qu ite low and similar to many dryland regions. Soil water loss in runoff and 

deep drainage can be as h igh as 58 - 79% of annual rainfall on steep h i l l  soils. 

Temperature can also be modified by aspect and slope. Sunny (north-facing) 

aspects have higher soil temperature than shady (south-facing) aspects. In 

general , temperature together with soil moisture affect pasture growth and yield 

between aspects. Pasture production on shady aspects may be much h igher 

than on sunny aspects in lower rainfall seasons or d istricts, but these 

differences disappear or even favour sunny aspects in h igher rainfal l  and more 

humid seasons or districts such as the northern and western d istricts of the 

North Island. The influence of aspect on hi l l  pastures at various regions or sites 

of New Zealand has been well documented (Radcl iffe et aI . ,  1 968; Suckl ing, 

1 975 ; Lambert and Roberts, 1 978; Gi l l ingham, 1 980; Luscombe, 1 980; 

Radcl iffe, 1 982) . 

2.2.2.2 Soil ferti l ity 

Nitrogen (N) deficiency is the principal nutrient l imitation to pasture growth in 

most hil l soils of New Zealand . Deficiencies of phosphorus (P) and su lphur (S) 

are also common in many hi l l  soils. The combination of these three 

deficiencies results in a grass, weed and moss dominated pasture with low 

production and poor quality. On some acid soi ls, deficiency of the trace 

element molybdenum (Mo) often occurs. Addition of l ime alleviates Mo 

deficiency and reduces the levels of avai lable manganese or aluminium in the 

soi l  by raising soi l  pH,  thus improving pasture growth (White, 1 990) . 

Correction of these deficiencies can improve the quantity and qual ity of hi l l  

pastures. Introduced improved grass and legume species generally have a 

h igher nutrient requirement than resident species and give greater responses 
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when the nutrients are appl ied . In  New Zealand pastoral systems, the solution 

to N deficiency in the low-producing swards is the introduction of legumes to fix 

N from the atmosphere, and transfer it to grasses through herbage death and 

decay, or through animal excreta. The amount of N fixed by legumes in h i l l  

pastures is dependent on the availabil ity of P and other nutrients such as S and 

Mo, which are important for good legume establ ishment and growth. At 

Ballantrae, annual N fixation rose from about 30 kg/ha (Grant and Lambert, 

1 979) in unimproved pastures to 1 00 kg/ha with moderate superphosphate 

appl ication , and to 200 kg/ha with h igh fertil iser input (Lambert, 1 987) . High 

input of ferti l iser (57 kg P/halyear) improved legume production and N fixation,  

which resulted in a consistent increase in winter and annual g rass yield in a 

fertil iser experiment started in 1 975 (Lambert et aI . ,  1 983 and 1 986) . 

2.2.2.3 Pasture/grazing management 

Under-grazing (too lax grazing pressure) and over-grazing (too severe grazing 

pressure) are two extremes of grazing management which l imit pasture 

production. When pasture is under-grazed, dead material accumulates and 

p lant density declines, wh ich reduces both pasture qual ity and production .  

Where pasture is over-grazed , photosynthesis of plants is depressed and plant 

mortality exposes bare areas for weed invasion which eventually again reduces 

pasture quality and production . Thus a suitable grazing pressure is of great 

importance in h i l l  pasture management. This can be ach ieved by subdivision 

and manipulation of stocking rate (Chapman and Macfarlane, 1 985) . 

Most hi l l  country pastures are extensively grazed with set-stocking by sheep 

being the most common management. Compared with rotational grazing 

management, a set-stocking system may give lower pasture accumulation and 

animal product ion (Hodgson , 1 990) , although the difference is smal l .  Under 

this system, frequent grazing close to ground level is normal, which may result 

in the rapid ingress of low-producing species (Harris and Brougham, 1 968; 
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Lambert et aL , 1 986) . Continuous close defoliation also l imits the dispersion of 

white clover stolons and reduces clover patch size, which consequently 

reduces clover production and content in the pasture (Edwards, 1 994; Sheldrick 

et aI . ,  1 993) . Lambert et al. (1 983) reported a legume production decline at a h igh 

stocking rate ( 1 6. 1  ewe/ha) even under a high fertil iser regime (57 kg P/halyear) 

after an in itial increase in legume production. An alternative approach to set

stocking is the "controlled grazing systems" proposed by the Ministry of 

Agriculture and Fishery (Lambert et aL , 1 985) . These systems, incorporating 

virtually year-round rotational grazing, are becoming more important in hi l l  

pasture management (Chapman and Macfarlane, 1 985) . 

2.2.3 Oversowing hi l l  pasture 

Methods for improving h i l l  pastures include oversowing, ferti l iser appl ication, 

subdivision, mixed l ivestock, and grazing management (Wedderburn and 

Macfarlane, 1 993) . The introduction of h igh producing pasture species, 

particularly the legumes, is of key importance in improvement of the h i l l  country 

pasture in New Zealand (White, 1 990) . Most hil ls in New Zealand are steep in 

slope and extremely uneven in contour, which makes oversowing the only 

possible method for introducing new plant germplasm, although oversowing is a 

notoriously unrel iable method of improving hi l l  pasture productivity. 

Oversowing is defined as the broadcasting of seed, manually, by aeroplanes or 

by surface machines over the pasture surface with no attempt at precise 

placement of seed (Robinson and Cross, 1 960) . The aims of oversowing in h i l l  

country involve: 1 )  pasture development after clearance of scrub and bush ; 2) 

pasture renovation fol lowing damage to existing pastures by pest attack, 

drought treading damage, or erosion ; and 3) pasture improvement to increase 

farm productivity (Lambert et aL , 1 985) . The species introduced by oversowing 

generally have improved annual or seasonal herbage production , better feeding 

value and better tolerance or resistance to grazing, treading, pest attack, 

drought or low ferti l ity . Since no til lage is a characteristic of oversowing, good 
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seedbed preparation to suppress resident vegetation and improve soil 

conditions is crucial to successful establishment of oversown species. 

2.2.3.1 Seedbed preparation methods 

Successful establishment of an introduced species by oversowing depends on 

the seed reaching a favourable site , its abil ity to germinate and subsequent 

growth competing with neighbouring resident plants (Harper, 1 977; Barker and 

Zhang, 1 988) . These are all related to the modification of the existing 

vegetation and soil surface before new plant species are oversown . 

Competition from the resident pasture plants is a major factor l imiting the 

survival rate of the oversown seedlings. Where herbicide is used prior to 

oversowing, the competition of resident plants will be suppressed, and the 

contact of sown seed with soil will become more l ikely. A number of authors 

have shown that appl ication of herbicide to ki l l  existing vegetation improves the 

establishment of introduced species (Blackmore, 1 957; Cul len , 1 969; 

Macfarlane and Bonish, 1 986; Barker and Zhang, 1 988) . The advantage of 

herbicide appl ication has been outlined by Thom and Barker ( 1 993) and they 

recommended herbicide use especially in the no ti l lage pasture renovation 

system . However, the use of herbicide is l imited in practice because of the cost 

of herb icides and thei r  application in hi l l  country, and other problems which may 

be caused by herbicides e.g.  the risk of soil loss, invasion by undesirable plant 

species, and the growing environmental concerns regarding chemical use . 

Chapman et al . ( 1 985) indicated that herbicide use was not essential for rapidly 

establ ishing species such as white clover and ryegrass, but was necessary for 

cocksfoot (Dactylis glomerata L.) which has a slower germ ination rate. Simi lar 

results were derived while a herbicide (paraquat) was applied (Table 2. 1 ) . 

Stock treading is a cheap and practicable seedbed preparation and 

establishment method for oversowing in hil l country (Charlton and Thorn, 1 984; 
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Table 2.1 Effect of paraquat on grass and clover survival in dense 

closely-grazed sward (From Cullen, 1 969) . 

Species 

Cocksfoot 

Ryegrass 

White clover 

Percentage survival 

No paraquat 

1 0  

27 

26 

Paraquat 

42 

54 

29 

1 7  
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Macfarlane and Bonish , 1 986) . The classical 'hoof and tooth' treatment was 

recommended as a means to ensure seed-soi l  contact (White, 1 977) . Pre

sowing treading also suppresses the growth of resident pasture p lants, hence 

reducing competition to oversown species. Burning to clear above ground 

materials has frequently been practised before oversowing in h i l l  country in the 

South Island (White, 1 977; Allan et a I . ,  1 985) .  However, in dry h i l l  country, 

burning and heavy grazing before oversowing should be avoided to alleviate 

soil moisture stress. A severe burn significantly reduced germ inat ion of 

oversown lucerne (Jason and White, 1 971 ) .  Burning at a time when the base 

of tussock or long grass is damp, for example winter, wil l reduce the severity of 

the burn (White, 1 990) . 

Leaving some cover on the seedbed has been demonstrated to improve 

seedl ing establishment (Cullen, 1 966, 1 971 ; Dowl ing et aI . ,  1 97 1 ) .  Cover can 

improve humidity and moisture relations at soil surface, protect rh izobia on 

inoculated legume seed from sunl ight (Hely, 1 965) ,  and reduce frost effect on 

seedlings from winter sowings in cold districts (During et aI . ,  1 963) . In  the low 

rainfal l  areas or sunny faces where desiccation is a major problem , the main 

aim of seedbed preparation is to provide a reasonable cover for moisture 

conservation. 

2.2.3.2 The potential of pastoral fal lowing to prepare seedbed 

Fallowing, i .e .  resting land for a period , has been practiced since bibl ical times 

in the Near East. The evolution of agriculture up to industrial agriculture has 

seen a shift from long-fallows (>1 0 years, e .g .  swiddens agricu lture) down to 

short-fallows of 1 year (Bayliss-Smith , 1 982) . The purpose of the fallow was 

variously assumed to al low accumulation of materials, break pest and disease 

cycles and to improve soil properties. In semi-arid regions of USA and 

Australia, bare fal lowing is practiced within crop systems with the additional 

objective of accumulating soil moisture (Sims, 1 977) . A fal low, incorporating 
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into the Rothamsted classical experiment, showed responses of 30% in 

subsequent crop yield (Gamer and Dyke, 1 969) .  

Pastoral fallow involves no  defoliation of pastures for a period generally from 

spring to autumn (Mackay et aL , 1 99 1 ) .  In recent years, studies have shown that 

pastoral fallow is effective in improving the productivity, persistence and 

management of hi l l  pasture in New Zealand (Mackay et aL , 1 991 ; McCallum et aL,  

1 99 1 ; Mountfort, 1 996) . In  moist h i l l  country where competition on oversown 

species from dense and vigorous resident vegetation is a major problem, 

pastoral fallow may be used to reduce the resident plant popu lation density 

based on the self-th inning rule (Yoda et aL , 1 963; Barker and Dymock, 1 993) . 

It may also have to be used to provide ground cover and su itable moisture 

conditions for oversowing (White, 1 990) . 

2.2.4 Other methods of hi l l  country pasture improvement 

Other methods such as topdressing, increasing stocking rate, subdivision and 

use of genetically superior l ivestock have also been proven to ach ieve the 

goals of improving farm productivity in h i l l  country (Lambert et aL ,  1 985) . For 

example, a desired pasture composition can be achieved by ferti l iser 

appl ication , use of selective herbic ides or h igh intensity strip-grazing with cattle 

(Lambert et aL , 1 985) .  On the other hand, the success rate of oversowing is 

usually dependent on other improvements such as a lift of soi l fertil ity. Which 

method or what combination which can be effective in improving pasture and 

animal productivity depends on the factors such as environment, pasture 

species present, soil ferti l ity, production systems and finance available 

(Wedderburn and Macfarlane, 1 993) . 

The strategy for l ifting soil fertil ity in New Zealand hi l l  country is to apply 

fertil iser phosphate and sulphate to improve legume growth and stimulate 

symbiotic n itrogen fixation . Since the advent and acceptance of aerial 

topdressing in the early 1 950s, most of the farmed hi l l  country in New Zealand 
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has been improved to some degree through topdressing with fertil isers such as 

superphosphate and molybdenum. Initially appl ication of low rates of 

superphosphate at 1 00 to 250 kg/halyear was practised , and was further 

increased to 700 - 1 1 00 kg kg/halyear superphosphate (Grant et aL , 1 973) . 

Jackman et aL ( 1 962) estimated that 550 to 700 kg/halyear superphosphate 

(55 to 70 kg/halyear phosphorus) were necessary to overcome in itial 

phosphate l imitations on unimproved yel low-brown earths. Many studies 

demonstrated that the main elements l imiting legume growth are sulphur, 

phosphorus and molybdenum in the tussock grasslands of the South Island 

(Walker et aL, 1 955; Lobb, 1 958; Ludecke, 1 960; Scott and Covacevich , 1 987) . 

Simi lar results were found in much of the North Island h i l l  country (Blackmore et 

aL ,  1 969) .  

Fencing i s  an  effective way to control grazing animals and to ensure optimum 

grazing management is achieved. The pre- and post-sowing management of 

grazing and treading by animals is based on effective subdivision. Fencing 

also improves pasture uti l isation. In improved tussock country of the South 

Island ,  the key to successful management is controlled uti l isation by subdivision 

to prevent both loss of introduced species through overgrazing and loss of 

pasture quality through undergrazing (Allan et aL,  1 985) .  

Grazing management can influence both quantity and qual ity of pastures. In  

early stages of pasture development in h i l l  country, grazing by animals played 

the most important role in controll ing reversion to fern , scrub and secondary 

growth (Levy, 1 955) . Stocking rate should be carefu lly planned with sward 

conditions and seasonal variation of pasture production since appropriate 

stocking rate increases the productivity and persistence of pasture.  Rotational 

grazing improves the evenness of uti l isation within blocks and creates a feed 

bank ahead of stock, thus helps the balance of annual feed supply and demand 

(Allan et aL , 1 985). However, many studies comparing rotational grazing and 

set-stocking have shown that there is l ittle difference in pasture uti l isation 



Chapter 2 Literature review 2 1  

between the two grazing systems (Suckl ing, 1 975; Clark et aL ,  1 982; Lamert et 

aL ,  1 983; Chapman and Clark, 1 984) . 

2.3 PERFORMANCE OF WHITE CLOVER IN HILL PASTURES 

2.3.1 Role of white clover in hill country 

The key to pasture improvement in hi l l  country is the introduction of h igh 

producing legumes following the correction of soil nutrient deficiencies, to 

provide symbiotic n itrogen to the system (White, 1 990) . This in turn wil l 

stimu late the growth of associated grasses and increase the quantity and 

qual ity of herbage produced , both from grasses and introduced legumes. 

White clover is the most important legume in New Zealand pastoral industry. 

This is not only because of its abil ity to fix nitrogen, its h igh nutritive value and 

its seasonal complementarity with grasses, but also its widespread adaptabil ity 

and abil ity to withstand grazing stress and interspecific competition better than 

other legumes. The annual financial contribution of white clover through 

nitrogen fixation and forage, seed and honey production is estimated as about 

three bi l l ion dollars in New Zealand (Caradus et aI . ,  1 996) . Vigorous growth of 

white clover is essential for hi l l  country improvement (Wi l l iams et aL , 1 982) , 

especially in summer-moist areas. In  dry hi l l  country, wh ite clover and 

subterranean clover (Trifolium subterranean L.) often occur together, i .e .  white 

clover dominates the legume population during moist seasons fol lowed by a 

sh ift towards subterranean clover during dry periods (Macfarlane and Sheath, 

1 984) . The importance of good clover production to hi l l  country pasture cannot 

be over-emphasised (Ball et aL , 1 982) . 

Hi l l  pasture in New Zealand usually has low « 1 0%) legume content wh ich 

results in poor pasture yield and quality (Stevens et a I . ,  1 993) . Even where 

fertil iser inputs are relatively high , legume contribution to sward productivity 

remains low. For example, in long-term grazing trials under adequate 
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topdressing, legumes contributed an average of 1 1  % of total pasture OM 

production on h i l lsides at Te Awa (Suckling, 1 975) . In  clover based pastures of 

steep ( 1 2-28° slope) hi l l  country which covers about 42% of the total (1 3.5 

mi l l ion ha) in New Zealand, estimated N-fixation is only 20 kg N/ha/year, a 

fraction of the n itrogen ( 1 85 N/ha/year) fixed in low slope « 1 2°) and flat lands 

(Caradus et aI . ,  1 996) . The ideal legume content in swards is at least 20-25% 

(Suckling, 1 975) . Therefore, the potential to increase clover content and 

productivity in h i l l  country is substantial .  

2.3.2 Propagation and persistence 

One important reason for low white clover content in h i l l  country is the poor 

propagation and persistence of this species due to climate and management of 

soil fertil ity and grazing pressure. White clover has a stoloniferous growth habit 

and its basic structural unit is the stolon (Thomas, 1 987) . The stolon consists of 

a series of nodes separated by internodes where leaves and adventitious roots 

are produced . Each node has an axil lary bud which may remain dormant for a 

period or develop into either a lateral stolon or an inflorescence. Therefore, 

white clover may spread vegetatively (through stolon growth and branching) or 

by seed produced from the resident clover plants (seedling regeneration) .  The 

relative importance of seedl ing regeneration and vegetative spread in the 

demography of white clover is a key issue to improve the persistence of this 

species in h i l l  country. 

2.3.2.1 Seedling regeneration 

Early study (Chippindale and Milton, 1 934) showed that there were large 

amounts of white clover seed present in the soil beneath pasture. Hyde and 

Suckling ( 1 953) found that, although low compared with low land pasture, 

buried seed populations with in h i l l  swards in the North Island of New Zealand 

were sometimes very high.  This led to their suggestion that regeneration from 
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such seed could be important in the persistence of th is species in  permanent 

pasture .  Simi lar resu lts of 217-395 buried seeds/m2 of white clover were 

observed by Charlton (1977). 

To quantify the contribution of these buried seeds to the persistence of white 

clover in h i l l  pastures, Chapman (1987) investigated white clover seedl ing 

appearance and survival influenced by a number of factors such as grazing 

management, ferti l iser, aspect and slope in  summer moist h i l l  pastures for 

three years. He  found that an average of only 4.4% of seedl ings survived to 

form establ ished , sto lon-bearing plants which means a recru itment rate of one 

seedl ing per 5.5 m2 per year (Table 2.2). Compared with the background 

sto lon population and rapid  stolon turnover (Chapman, 1983; Chapman and 

Anderson, 1987), this rate of establishment of  white clover p lants from seedl ing 

regeneration was negl igible (Chapman, 1987). Thus, seedl ing regeneration 

p lays a minor role in the persistence of white clover in  summer moist h i l l  

country. 

However, there has been l ittle detailed information about the contribution of 

seedling regeneration to c lover persistence in dry h i l l  country. Chapman (1987) 

reported h igher (10%) survival rates of seedl ings on drier ,  steep north-west 

facing h i l l  sites .  White clover genotypes in summer dry h i l l  country typically 

flower earl ier and more intensely than the commonly used cultivars such as 

H uia, P itau or  Tahora (Macfarlane and Sheath , 1984). Macfarlane et al. (1990) 

evaluated e leven cultivars or selections of white clover in summer dry h i l l  

country and found that l ines that set h igh levels of  seed did re-establ ish greater 

numbers of seedlings each autumn.  This mechanism may contribute to sward 

stabi l ity where disturbance is frequent, particularly where wh ite clover 

populations are depleted by severe drought or insect attack (Macfarlane et aI . ,  

1990). 
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Table 2.2 

year 

1 982-83 

1 983-84 

1 984-85 

Mean 
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Seedling appearance and survival (total area :::: 64 m2) of 

white clover in  summer moist h i l l  country (From Chapman, 

1 987). 

N umber of N umber of % Survival Number of 

seedl ings seedl ings seedlings surviving 

appearing surviving per m2 per year 

31 2 1 3  4.2 0.20 

2 1 3  8 3.8 0. 1 3  

263 1 4  5.3 0 .22 

263 12 4.4 0. 18  
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2.3.2.2 Vegetative spread 
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The capacity to spread horizontally by growth of stolons is an important 

characterist ic for the competitiveness and persistence of white clover in mixed 

swards (Harris, 1 987) . This characteristic compensates the lower seed rate of 

white clover, which makes the variation in seeding rate on ly has a short-term 

effect after sowing on the clover content of swards. Harberd ( 1 963) measured 

the stolon spread in mixed plant communities and found that most of the 

stolons could spread into patches 2 m across. Under rotational cattle g razing in 

h i l l  pasture, stolon elongation rate can be as h igh as 32 to 35 mm/week during 

summer periods, and Chapman ( 1 983), using these maximum elongation rates, 

estimated that stolons have the potential to explore a d istance of 700 mm per 

year within the sward. Survival of residual stolons during drought and their 

subsequent recovery played a large role in re-establ ishing wh ite clover 

populations in dry h i l l  country (Chapman and Wil l iams, 1 990) . Cultivars that 

have low propensity to produce stolons and are vulnerable to sto lon damage by 

grazing have lower persistence levels in h i l l  country (Macfarlane et aI . , 1 990) . 

The growth and d ispersion of white clover stolons are not only influenced by 

climatic and environmental factors such as seasons, topography and soil 

conditions, but also by grazing management (Brougham, et aI. , 1 978; Hay and 

Chapman, 1 984; Hay, 1 983; Harris, 1 987) . The frequency, intensity and timing of 

defoliation can determine the relative contribution of white clover in mixtures 

(Harris, 1 987) . Hay ( 1 985) described the vertical distribution (aerial , surface and 

buried) of white clover stolons under two contrasting grazing systems, rotational 

grazing by cattle and set-stocking by sheep. Rotational grazing by cattle resulted in 

higher aerial and surface stolon dry weight and clover content in the sward 

compared with set-stocking by sheep, but the latter favoured stolon growing point 

numbers, branches per unit length of stolon and buried stolon weight. This implies 

that set-stocking by sheep, though stimulating branching of stolons, probably 

restricts the dispersion of clover stolons in the sward and causes stolon burying, 
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and, consequently, reduces the productivity and persistence of white clover. It is 

evident that there is lower clover content under set-stocking by sheep in hi l l  

pastures (Wil liams et aI. ,  1 982; Lambert et aI . ,  1 986) . However, the effects of 

defoliation on white clover content in mixtures are complicated since one defoliation 

strategy may favour some aspects of stolon growth, but exert adverse effects on 

others (Thomas, 1 972; Sheldrick et aL , 1 993) . 

2.3.3 Genotypes of white clover in  hi l l  country 

White clover populations in h i l l  country are dominated by small- leafed 

genotypes (Suckling and Forde,  1 978; Macfarlane and Sheath , 1 984) .  This is 

attributed to an adaptation to g reater persistence under sheep grazing 

(Wil l iams and Caradus, 1 979; Wi l l iams et a I . ,  1 982) .  Wil l iams and Caradus 

( 1 979) , having compared 95 white clover l ines from overseas and N ew Zealand 

h i l l  country, found that, in the first year after establishment , large-leafed 

genotypes generally performed better than the small-leafed ones in h i l l  country. 

However, with t ime and increased grazing pressure , the large-leafed forms 

declined in relative performance whi le some small-leafed forms improved.  The 

inabi l ity of large-leafed forms to withstand harsh conditions,  including grazing 

pressure ,  are well documented (Davies and Levy, 1 93 1 ; Davis and Cooper, 

1 95 1 ; Brock, 1 974) . Chapman ( 1 983) also indicated that genotypes with a h igh 

frequency of branch and root formation at the same node wi l l  have g reater 

persistence and p roductivity than othe rs in intensively-grazed h i l l  pastures. 

S ince large-scale hi l l  country pasture improvement started by aerial oversowing 

and topdressing in 1 940s, 'Grassland Huia' , a general purpose cultivar, has 

been widely sown in  h i l l  country of N ew Zealand (Charlton ,  1 984) . However, 

this intermediate-leafed cultivar was original ly bred for use in h igh-ferti l ity 

lowland pastures (Wil l iams, 1 983) . Studies demonstrated that small- leafed 

types were more prevalent on poorer  land grazed main ly by sheep (Davies and 

Levy, 1 93 1 ) , and Hu ia failed to persist at regular ferti l iser input and good 

g razing management (Forde and Suckl ing, 1 977) . In 1 982, 'Grassland 
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T ahora", selected for improved agronomic performance i n  moist h i l l  country was 

rel eased (Will iams, 1 983). It is the only white clover cultivar b red for, and 

selected in, hi l l  country (Chapman and Macfarlane, 1 985), although there are 

other  seed l ines such as Whatawhata Early Flowering which was selected from 

a dryland collection for early flowering (Macfarlane and Sheath,  1 984). A 

number of authors (Wil l iams et aI . ,  1 982; Charlton ,  1 984; Brock, 1 988) have 

shown that these types of white clover are better adapted in h i ll country than 

Hu ia .  The small-leafed and strongly stoloniferous cultivars such as Tahora 

should replace Hu ia on al l  wetter h il ls of low to moderate fertil ity under sheep 

grazing (Chapman and Macfarlane, 1 985), but Huia should cont inue to be used 

on moderate to high ferti l ity sites under cattle g razing (White, 1 990) . 

2.4 SUMMARY 

Hi l l  country pasture is an important resource for New Zealand agriculture and 

economy. The large variation of cl imatic, edaphic and b iotic factors has caused 

a g reat d iversity of pastures on N ew Zealand h i l l  country both withi n  and 

between regions. 

The improvement of h i l l  country pastures has experienced a h istory from simple 

development methods such as burn ing and i ntroducing new grass species, to 

advanced improvement techniques such as aerial topdressing and oversowing . 

Temperatu re ,  soi l  moisture ,  soi l fert i lity and pasture/grazing management are 

fou r  main l imitations to h i l l  pasture growth . Amongst many h i l l  country pasture 

improvement techniques such as topdressing, increasing stocking rate and 

subd ivision etc . ,  the introduction of h igh producing pasture species, particularly 

the legumes, is the key to improve h i l l  country pasture. 

However, because of the topography of most h i l ls in New Zealand, oversowing ,  

though un re liable in success rate, becomes the only possible method for  the 

i nt roduction of new plant germplasm. The procedure of oversowing involves 

seedbed preparation , sowing techniques and post-sowing management. 
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Herb icide use, burning, seedbed cover and stock treading as seedbed 

preparation methods have all been shown to have significant but variable roles 

in improving establishment from oversowing. An a lternative method such as 

pastoral fal low may overcome the shortcomings of some of these methods. 

White clover is the most important legume in the New Zealand pastoral 

industry, because of many advantages of th is species in the pasture and 

g razing management system .  However, the content o f  white c lover i n  h i l l  

pastures is  low, even with regular fert i l iser input and good pasture 

management. S ince regeneration of seed from res ident clove r  plants 

contributes l ittle  to the clover population in moist h i l l  swards, vegetative spread 

by stolons plays a major role in the persistence of white c lover in m ixtures. 

Stolon g rowth and dispersion are determined by the frequency, intensity and 

t iming of defo liation of swards and clove r  genotypes. 
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Appropriate pre-sowing methods for the introduction of improved forage legume 

and grass germplasm are an important issue for h i l l  pasture improvement in 

N ew Zealand .  A pastoral fal low, which involves not defol iating pasture for a 

period generally from late spring/early summer to autumn, could create a 

potential ly favourable envi ronment for introducing improved germplasm. A field 

study was conducted on two aspects (shady and sunny) of moist, low ferti l ity 

h i l l  country with or without added ferti l iser (phosphorus and su lphu r) in the 

southern North Island of New Zealand ,  to investigate the changes in  plant 

population density and sward structure during a ful l  or partial pastoral fal low, 

compared to a rotationally g razed pasture .  A seven-month (October - May) 

pastoral fal low dramatically decreased the densities of g rass t i l lers by 72% (P < 

0.0 1 ) , white clover ( Trifolium repens L. )  growing points by 87% (P < 0 .0 1 ) and 

other  species by 87% (P < 0.05) . The decl ine in ti l ler density by pastoral fal low 

was enhanced on the shady aspect. Fert i l iser appl ication increased white 

clover growing point density on the shady aspect (P < 0 .05) and g rass t i l ler 

density on the sunny aspect (P < 0.05) .  Decreased p lant density during 

pastoral fal lowing was attributed to above-ground biomass accumulation which 

altered sward structure, leading to inter-plant competition and mortality by self

th inning and completion of the l ife c i rcle of some matured p lants. The p lant 

size/density relationship during pastoral fal lowing in this m ixed species sward 

fol lowed the self-thinning rule, part icularly when the calculation was based on 

al l p lant species rather than grass alone. There was no significant (P > 0.05) 

d ifference in  final plant population density between the seven-month pastoral 

fal low and a shorter-term (October - December) pastoral fal low. It is concluded 

that pastoral fallowing effectively reduced the plant population density and 

altered sward structure of a h i l l  pasture .  Such changes create a more 

favou rable envi ronment for the introduction of improved forage species. 

Key words: pastoral fal low; plant population density; sward structure ;  self

th inning 
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The introduction of improved forage legume and grass germ plasm is one tool 

for improving the pattern of forage supply of a typically-dense h i l l  pasture low in  

legume content and dominated by low-ferti l ity g rasses. Although herb icide 

defol iation is not essential for successful oversowing of rapidly germ inating 

species, such as perennial ryegrass (Lolium perenne L. )  and white clover 

( Trifolium repens L.) (Chapman et aI . ,  1 985; Johnson et aI . ,  1 993) , it is 

essential for successful establishment of slow establ ishing and growing 

species, such as cocksfoot (OactyJis g/omerata L. ) , tal l fescue (Festuca 

arundinacea L. )  and phalaris (Phalaris aquatica L. )  (Chapman et a I . ,  1 985; 

Barker and Dymock, 1 993) . However, the use of herbicide as a tool for 

reducing competition from the resident species is l imited , because of the cost of 

defol iants and their application in h i l l  country and, to a lesser degree , the risk of 

soi l  loss, invasion by undesirable plant species, and the g rowing environmental 

concerns regarding chem ical use. McCallum et al. ( 1 99 1 ) showed that pastoral 

fal lowing (or deferred grazing) improved perennial ryegrass contribution to yield 

by enhancing natural reseeding of this species, and increased pasture growth 

by 1 5  - 1 9% in the year fol lowing the fal low. Barker and Dymock ( 1 993) , 

reported on the management requ i rements for the successful establ ishment of 

one of the slow establ ishing species, cocksfoot, and suggested that a pastoral 

fal low, rather than herbicide spraying , m ight bare the soi l surface suffic iently, to 

al low germination and establ ishment of this slow growing species. 

A pastoral fal low involves no defol iation from late spring/early summer through 

to autumn .  Studies (Mackay et at . ,  1 991 ) showed that pastoral fal lowing 

stimu lated mineral isation of soil organic matter  and the release of n itrogen (N) 

fixed by legumes. The accumulation of above-ground biomass during pastoral 

fal lowing causes increased inter-plant competition and self-th inning (Westoby, 

1 984) . After the pastoral fal low period ,  intensive grazing by stock creates an 

open canopy with a low p lant density per unit area and this p resents a 
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potentially favourable environment for introducing improved germplasm.  Whi le 

the competition with established plants on seedl ings of introduced species is 

reduced by pastoral fal low, competition with seedl ings, derived from seed shed 

by the established plants during the pastoral fal low is intense (N ie et al. , 

unpubl ished data) . To optimise the use of inter-plant competition and self

th inning to reduce competition from resident plants and min imise the shedding 

of viable seed by establ ished plant species fol lowing a pastoral fal low, a 

detai led understanding of the changes in  total and reproductive t i l lers over the 

duration of a pastoral fallow is requ i red. 

The self-th inn ing rule, also known as the -3/2 law, was first proposed as an 

empirical relationship describing plant mortality due to competition in  crowded 

even-aged stands (Tadaki and Shidei ,  1 959; Yoda et aI . ,  1 963) . The rule was 

found to be appl icable to many plant species, including mixed-species stands 

(Westoby, 1 984) . A number of authors found that g rass/legume stands 

generally fol low the -3/2 law (Kays and Harper, 1 974; Lonsdale and Watkinson,  

1 982; B ircham and Hodgson,  1 983; Morris and Myerscough ,  1 985; Lambert et 

aI . ,  1 986; Matthew et aI . , 1 996) . Applying this law in h i l l  pastures (Lambert et 

aI . ,  1 986) might satisfactori ly explain changes in sward density during a 

pastoral fallow. 

The objective of this study was to examine the changes in plant popu lation 

density and sward structure of a low fertil ity h i l l  pasture sward on two aspects 

with or  without the addition of fert i l iser over the duration of a ful l  (November 

1 993 - May 1 994) or  partial (October - December 1 993 and February - May 

1 994) pastoral fal low. The appl icabi l ity of the self-th inning ru le in this 

temperate hi l l  pasture is also examined. 
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3.2 MATERIALS AND METHODS 

3.2.1 Site 

46 

The field study was carried out at AgResearch Hi l l  Country Research Station , 

'Bal lantrae' (40°1 9' S ,  1 75° 50' E) .  The field site (Plate 3 . 1 ) covered 2 .2 ha of 

h i l l  country (slope 5° - 25°) , split on a south (shady) and north (sunny) face. 

The soi l was a yel low-grey earth/yel low-brown earth intergrade (Typic 

Dystrochrept) of sedimentary origin ,  with pH 5.4 and Olsen P 1 0  �g Pig d ry soi l .  

No ferti l iser had been appl ied in the 1 0  years before 1 989. The pasture 

consisted of p redominantly low fertil ity-tolerant grasses such as browntop 

(Agrostis capillaris L.) and sweet vernal (Anthoxanthum odoratum L.) with small 

q uantities of perennial ryegrass and white clover. 

3.2.2 Design and treatments 

Main p lots of 500 - 800 m2 had previously been either (a) rotationally g razed 

and fert i l ised with 35 kg P/halyear of North Carol ina reactive rock phosphate 

and 1 4  kg S/halyear of elemental sulphur in August annually since 1 989 or (b) 

rotational ly g razed without added ferti l iser. In October 1 993 these were spl it 

(sub-plots) , with one half fal lowed from 1 9  October 1 993 unt i l  3 1  May 1 994 (fu l l  

pastoral fal low) and the other half rotationally g razed by sheep with herbage 

d ry  matter (OM) mass not exceeding 3000 kg/ha. Two additional treatments, 

examined the effect of partial pastoral fallowing.  An early pastoral fal low was 

imposed from 1 9  October to 3 1  December 1 993 on plots with a previous h istory 

of pastoral fal lowing 1 989/90. A late partial pastoral fal low was imposed from 

1 7  February to 3 1  May 1 994 on plots that had been fal lowed in 1 990/9 1 . Both 

supplementary treatments received the same rate of ferti l iser as the ferti l ised 

main plots and were rotationally g razed by sheep during the non-fal lowing 

periods. The main p lots and partial pastoral fal low plots were rep l icated three 

t imes on  the shady aspect and twice on the sunny aspect. 
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Plate 3.1 An overview of the experiment site showing fal lowed and 

grazed plots. 
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Monthly measurement of p lant population density commenced in October 1 993 

unti l May 1 994, based on twenty 50 mm diameter turf p lugs from each p lot 

(M itche l l  and G lenday, 1 958) . The number of turf p lugs was determined by 

comparing the means and variances of randomly sampled 5 ,  1 0, 1 5  and 20 turf 

p lugs p rior to the start of the experiment, fewer than 20 plugs result ing in h igh 

sampl ing variat ion .  The number (No. )  of g rass t i l lers ,  white c lover g rowing 

points, other legume plants and weeds were counted to estimate p lant density 

(No.lm2) .  Moss cover was scored as 0 (none) , 1 « 50% of surface covered by 

moss) , 2 (> 50% cover) and 3 ( 1 00% cover) . 

At each sampl ing,  five 0 . 1  m2 quadrats were also cut to approximately 1 0  mm 

above ground to measure pasture phytomass. Subsamples, taken from each 

herbage sample, were d issected into vegetative and reproductive t i l lers of 

g rasses, white clover, other legumes, weeds and dead matter to calculate 

botanical composition and phytomass of each sward component. Reproductive 

t i l lers were distinguished from vegetative ti l lers by observing the node 

development of stem to obtain an estimate of potential for seed p roduction . 

The ratio of vegetative to reproductive t i l lers was determined to monitor the 

t i l ler mortal ity due to e ither competit ion or reproductive development or  

combination of both .  

After pasture phytomass sampl ing, two of the five quadrats were further cut to 

ground leve l ,  washed and dried to measure phytomass below 1 0  mm. Total 

pastu re phytomass was calculated as the sum of these two measurements. 

3.2.4 Statistical analysis 

Data were analysed by Analysis of Variance (ANOVA) using a pooled spl it-plot 

mode l ,  with the General Linear Model (GLM) procedu re of the Statistical 

Analysis System (SAS Institute, 1 990) . A split-p lot design over t ime (repeated 
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measures) was used to analyse general effects of pastoral fal lowing ,  ferti l iser 

and aspect ,  with sampl ing times treated as spl it-spl it-plots. A randomised 

complete b lock design was used to compare the effects of ful l  and partial 

pastoral fal lows on final p lant population density and biomass accumulation .  

The relation of self-th inning was g iven by Yoda et a! .  ( 1 963) as: 

W =  k d3/2 

or Log,o w = Log,o k - 3/2 Log,o d 

where :  w = the mean shoot weight per p lant 

d = the density of p lants 

k = a constant, the value of which depends on growth form and 

environment. 

The data matrices of p lant density and mean p lant shoot weight were derived at 

sub-plot level of the ful l  pastoral fal lowing treatment and mean shoot weight 

was calculated by d ividing total biomass by p lant density. The self-th inn ing l ine 

was estimated by Principal Component Analysis (PCA) , slope was calculated 

by obtain ing the ratio of the two coefficients of the fi rst p rincipal component.  

The intercept values presented were those for a l ine of s lope as determined by 

PCA analysis and passing through the center point ( x ,  y )  of the data set (C. 

Matthew, personal communication ) .  

3 . 3  RESULTS 

3.3.1 Cl imate 

Mean monthly rainfal l during September - October 1 993 was 62. 1 mm,  56% of 

the 23-year average ,  and during February - April 1 994 was 48.8 mm,  73% of 

the 24-year average. Mean air temperature ( 1 4.0 'C) during October 1 993 -

May 1 994 was identical to the 23-year average .  
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3.3.2 Plant population density 

50 

Pastoral fal low substantial ly decreased densities of g rass t i l lers ( P  < 0.0 1 ) ,  

white clover growing points ( P  < 0.0 1 ) and weeds (P  < 0 .05) , but d id not alter 

the moss cover (Table 3 . 1 )  or the density of other legumes which contributed 

less than 2% to the total p lant population density. There were significant (P < 

0.05) interactions between pastoral fal low and aspect in  g rass t i l ler density, and 

between fert i l iser and aspect in grass t i l ler density and white clover g rowing 

point density. The decl ine in t i l ler density by a pastoral fal low was g reater on 

the shady aspect than the sunny aspect (Table 3 . 1 ) . A significant ferti l iser by 

aspect interaction was the result of ferti l iser appl ication reducing t i l ler density 

on the sunny aspect, but not on the shady aspect (Table 3 . 1 ) . This interaction 

was also significant for white clover g rowing point density ,  but was the result of 

increased growing point density for fertil iser appl ication on the shady aspect 

and no ferti l iser effect on the sunny aspect. Only the main effect of aspect 

affected moss cover, which was higher (P < 0 .0 1 ) on the shady than on the 

sunny aspect, reflecting the contrast of soi l  moisture in  the two aspects. 

Compared with g razed swards , the t i l ler density of g rasses under a pastoral 

fal low declined significantly (P < 0.05) four weeks after the pastoral fal low was 

imposed (Figure 3 . 1 ) .  This d ifference became steadi ly g reater d u ring the 

pastoral fal low period . At the end of the pastoral fal low period, the m ean t i l ler 

density of fallowed plots (6370 t i l lers/m2) was only 23% of the g raze d  p lots and 

28% of the in itial t i l ler density. 

White clover g rowing pOint density of both fal lowed and grazed treatments 

decli ned in the f irst two months of the study (Figure 3 . 1 ) .  A significant 

d ifference (P < 0 .05) between fal lowed and grazed treatments d id  not occur 

unt i l January, continu ing to the end of May 1 994. The weed population 

responded in a simi lar manner, but weed densities decl ined in both treatments 

from late summer to autumn. A significant difference in weed density between 

fal lowed and grazed sward was found from February to May. 
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Table 3.1 Mean plant density ( 1 9 October 1 993 - 31 May 1 994) of grass (til lers/m2) ,  white clover (growing points/m2) and weeds 

(plants/m2) and moss cover (0, 1 « 50%), 2 (> 50%), 3 ( 1 00%)) under different treatments of pastoral fallow, fertil iser 

(Fert + and Fert -) and aspect and some significant interactions. 

Treatment Grass Clover Weed Moss Interact ion Grass I nteraction G rass C love 

Graze 23900 2560 697 1 .4 Graze/Shad 24300 Fert 1 7800 271 3  

Fallow 1 1 1 00 1 329 530 1 .4 Graze/Sunn  231 00 Fert 1 5500 1 483 

F-ratio 1 701 .9  49.8 10. 1  0.0 Fal low/Shad 1 1 000 Fert -/Shady 1 7500 1 543 

Significance ** ** * ns Fallow/Sunn  1 1 300 Fert -/Su nny 1 9000 1 60 1  
. . . . . . .  , . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fert + 1 6900 2320 560 1 .3 F-ratio 9.2 1 0.5  26.6 

Fert - 1 81 00 1 570 667 1 .6 Significance * * * 

F-ratio 1 .6  31 .4 1 . 1 3.5 Mean s. e.m. 3 1 5  706 123 

Significance ns ** ns ns , .. . . . . . . . . . . . . . ... ...... . . .. .. " .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . .  
Shady 1 7700 2 1 30 790 1 .6 

Sunny 1 7300 1 670 348 1 .2 

F-ratio 0.5 4.2 2. 7 35.8 

Significance ns ns ns ** 

*, ** and ns denote <5% and <1  % significant levels and not significant, respectively 
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Figure 3 . 1  Plant population density o f  g rass, white clover 

and weed under pastoral fal low (Ll) and 

grazing (0) regi mes (vertical bars show 

LSDo os ; ns represents not significant) . 
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3.3.3 Thinning l ines 
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Since g rass dominated the sward p lant population density (approximately 90% 

of total plant density) , self-thinning l ines were calculated based on the fal lowed 

treatments for g rass alone (Figure 3 .2b) , as well as total plant population 

(F igure 3 .2a) . 

The relationship between total plant density (0) and p lant unit size ( W, d ivision 

of total shoot b iomass by total density) calculated by peA fol lowed the -3/2 

power law with the slope sl ightly higher than -3/2 as fol lows: 

Log W = 8.42 - 1 .65 log 0, percentage eigenvalue = 97.6%. 

The percentage e igenvalue (%EV) is a measure of the variation accounted for 

by the first principal component. 

For g rass alone, the equation was: 

Log Wg = 7.81 - 1 .57 log Og, %EV = 90.8%, 

where Wg was grass t i l ler weight and Og t i l ler density. 

The appl ication of fert i l iser had no effect on the self-th inning slope (-1 .65 vs -

1 .66 for fertil ised and non-fert i l ised treatments , %EV = 97.5% and 97.9% 

respectively) and the i ntercept (8 .39 vs 8 .50) for total plant population . The 

slope (-1 .7 1 , %EV = 97.9%) and intercept (8.66) of the thinning l ine for the 

shady aspect were h igher than that (-1 .54 and 7 .97, respectively, %EV = 

97.3%) for the sunny aspect . 

3.3.4 Sward structure 

During pastoral fal lowing ,  the pasture phytomass above 1 cm increased from 

1 400 kg/ha to 6600 kg/ha (Figure 3.3a). This i ncrease in itially resulted from the 

development of g rass t i l lers (both vegetative and reproductive) and 

subsequently, dead matter. Reproductive t i l lers developed most rapidly in  the 

early stage of pastoral fal lowing and reached a maximum (23 1 0  kg/ha) in  m id-
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Figure 3.3 Change of sward phytomass of reproductive 

t i l lers (R.Ti l ler) ,  vegetative t i l lers (V. Ti l le r) ,  

dead matter (D .Matter) , legumes and weeds 

under (a) pastoral fal lowing ,  and (b) g razing 

(vertical bars show s .e . ) .  
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January. There was an increase in phytomass of vegetative t i l lers from 

October to January, but this remained relatively constant, subsequently. 

I nitial ly legumes and weeds accounted for 1 2% and 7% of the total phytomass, 

respectively. However, their contribution to pasture phytomass decreased 

substantially at the conclusion of pastoral fal lowing.  White clover was the major 

legume species. The reduction of legume phytomass du ring pastoral fal /owing 

probably reflected the shift of white clover from growing point g rowth to stolon 

g rowth in response to shading and competition , i .e. branching was restrained 

and stolon e longation was enhanced (Nie et aI . ,  1 996) . Dead phytomass 

increased slowly from October to mid-January, and then rapidly from mid

January to March , when reproductive t i l lers were senescent. 

I n  contrast with the pastoral fal lowing treatment, the components of sward 

phytomass above 1 0  mm in the grazing treatment remained relatively stable 

(F igure 3.3b) . Reproductive ti l lers accounted for only a low proport ion « 1 0%) 

of the grazed sward phytomass. The phytomass (21 40 kg/ha) of the fal lowed 

sward in the first 1 0  mm above ground level was significantly (P < 0 .05) greater 

than that ( 1 9 1 0  kg/ha) of the grazed sward, indicating more phytomass 

accumulation in this layer during pastoral fal lowing. 

3.3.5 Comparison of the effects of partial and ful l  pastoral fal lows on 

f i nal plant population densities 

There was no significant difference in total in itial p lant density between 

treatments (Table 3 .2) . Significant differences were found between fal lowed 

t reatments in grass ti l ler density (P < 0 .0 1 ) and white clover g rowing point 

density (P < 0.05) , but not in weed density at the end of each pastoral fal low. 

The late fal lowed sward had significantly more ti l lers and clover growing points, 

compared with both fert i l ised and non-fert i l ised ful l-fallowed swards, and the 

early fal lowed sward . However, the early fal lowed sward was not significantly 

different from the ful l-fal lowed swards in g rass t i l ler and clover g rowing point 



Chapter 3 Changes in plant population density ... 57 

Table 3.2 Total in itial plant density ( IPD, plant units/m2) ,  plant density of g rass 

(ti l lers/m2) ,  white clover (growing points/m2) and weed (plants/m2) and 

total dry matter (OM) accumulation (kg/ha) under ful l  and partial 

pastoral fallowing treatments. 

Treatment Totai lPO Grass Clover Weed Total OM 

Early fallow 33700 1 0900 1 1 20 220 9600 

Late fallow 30300 23800 2270 3 1 0 2900 

Ful l  fal low + ferti l iser 26800 6350 360 1 1 0 6700 

Ful l  fallow - ferti l iser 26500 6400 4 1 0 200 7800 

s.e.d. 2533 1636 345 70 1 710  

Significance ns ** * ns t 

**, *, t and ns denote P < 1 %, P < 5%, P < 1 0% and not significant, respectively. 
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densities. The OM accum ulation (2900 kg/ha) of late fal lowed sward was low, 

compared with either the early or full pastoral fal lows (P < 0. 1 ) . 

3.4 DISCUSSION 

3.4.1 Treatment effects and mechanisms of t i l ler population change 

The decl ine of plant population density occurred rapidly after the pastoral fal low 

started (Figure 3 . 1  and 3 .2) . This was due to the h igh in itial total pasture mass 

(3 1 20 kg O M/ha) , which was much greater than the 700 kg DM/ha of pasture 

mass at which Bircham and Hodgson ( 1 983) observed declines in t i l ler and 

stolon densities through self-thinn ing.  The decline in  white clover g rowing point 

and weed density in the g razed sward in the early stages was probably 

attributed to the low rainfal l  during September and October in 1 993. Since 

grass dominated (approximately 90%) the sward populat ion, only the dynamics 

of g rass ti l ler population during pastoral fal lowing are i l lustrated (F igure 3 .4) . 

Loss of g rasses t i l lers was attributed partly to competition and partly to the 

death of reproductive t i l lers once they matured. The loss of t i l lers prior to the 

January sampl ing was mainly due to inter-plant competition and subsequently 

was a combination of t i l ler  mortal ity due to both competition and maturity. Ti l ler 

mortal ity was calculated by multiplying t i l ler loss at various stages and the 

vegetative : reproductive ti l ler ratio. The in itial t i l ler population density was 22 

400 t i l lers/m2, 1 2% of which entered into reproductive development and died 

after maturity, 61 % d ied through competition (self-thinning) or other  causes 

such as pests. Only 28% remained at the end of pastoral fal lowing.  Of the 

vegetative t i l lers lost ,  the majority (89%) died before January, and only 1 1  % 

d ied in the period after January. It should be indicated that the t i l ler loss 

through competition i l lustrated in Figure 3.4 was a net change. Daughter t i l ler 

production during pastoral fal lowing could be reduced by reproductive 

development and was not taken into account. 
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Oct. 1993 

Jan. 1994 

May 1994 
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Initial tiller population 22400 

59 

Tiller mortality 
12000 

Living tillers 
Reproductive 2570, vegetative 7880 

Tiller mortality 
(minimum) 1480 

Tiller mortality 
through maturity 

2570 

Surviving tillers 
6400 

Figure 3.4 Quantitative description of net t i l ler survival and mortality 

due to competition and reproduction during an October -

May pastoral fal low (unit of t i l ler density: ti l lers/m2) . 



Chapter 3 Changes in plant population density ... 60 

I ncreases in  white clover g rowing point density appeared to be related to soi l  

moisture avai labi l ity. Mackay e t  a! .  ( 1 99 1 ) found that the addition o f  P and  S 

considerably increased summer legume growth and n it rogen fixation on a 

shady aspect, but no comparison of aspect effects was made. Fert i l iser 

increased grass t i l ler density on the sunny aspect. The effect of mass/density 

compensation was seen ,  to some extent, in the lower densities of g rass and 

weeds on the fert i l ised treatment (Table 3 . 1 ) . The absence of a significant 

d ifference in moss abundance between fert i l iser treatments was in contrast to 

the find ings of Lambert et al. ( 1 986) who found that h igh superphosphate 

application (plus l ime) significantly decreased moss incidence. The d iffe rence 

in this result may have been due to a lower fert i l iser rate than in  the study of 

Lambert et al .  (35 vs 57 kg P/ha) and the use of a water insoluble (phosphate 

rock) rather than soluble (superphosphate) P fert i l iser. The main effect of 

aspect on p lant density was not significant, but the interactions between aspect 

and fal lowing/grazing on t i l ler density ,  and aspect and ferti l iser on t i l ler and 

clover g rowing point density were significant, which demonstrated that both 

pastoral fal lowing and ferti l iser should be used with aspect in consideration.  

3.4.2 Self-thi nning response 

Pastoral fall ow signif icantly reduced the density of all plant species as predicted 

by the self-thinning rule (Voda et aI . ,  1 963; Westoby, 1 984) . There are various 

regression algorithms to calculate the self-th inning l ine (Sackvil le Hami lton et 

aI . ,  1 995) . Although the Ordinary Least Squares (OLS) reg ression method was 

in itially used to determine the self-th inning rule (Yoda et a! . ,  1 963) , it was 

subsequently recogn ised as inappropriate because the regression assumes 

zero error variance in  one variable (Mohler et aI . ,  1 978; Weller, 1 985) , which 

results in extreme estimates ( lowest or h ighest) of slope depending on which 

variable (density or  size) is used as the non-error independent variable. Most 

analyses are now based on peA (Weller, 1 985, 1 987a, b ;  Morris and 

Myerscough ,  1 985 ; Lonsdale ,  1 990) . The slope of the self-th inning l ine based 
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on total plant density (number o f  plant units/m2) and p lant un it  size (mg 

p lant/unit) were close to -3/2 with a higher %EV (Figure 3.2a) . However, most 

stud ies of pastures used grass alone to quantify the t i l ler size/density 

relat ionship (Bircham and Hodgson, 1 983; Davies, 1 988; Matthew et al. ,  1 996) . 

Lambert et al. ( 1 986) used total species in  a g razed h i l l  sward , but they only 

plotted the data with the standard self-th inning to show their fit. When the self

th inn ing l ine was calculated on grass alone in this experiment, the slope ( - 1 .57) 

was close to -3/2 (Figure 3.2b), but the %EV was lower than that based on the 

total p lant population (90.8% vs 97.6%) . The deviation of scatte r  points from 

the th inning l ine (Figure 3.2) was greater for grass alone than for total species 

estimate (R2 = 62.0% and 88.4%, respectively based on OLS reg ression) . The 

use of data from al l  plant species was probably more appropriate to estimate 

the self-th inning l ine of mixed-species swards. 

3.4.3 Impl ications for resowing improved forage germ plasm 

Since both herbicide spraying and pre-sowing defol iant techniques present 

problems for oversowing, more appropriate techn iques are sought for h i l l  

pastu re improvement (Barker and Dymock, 1 993) . A pastoral fal low was 

expected to reduce plant density and create a favou rable environment for 

oversowing. The accumulation of above-ground biomass during pastoral fal low 

al lowed sufficient inter-plant competition and reproductive development (Figure 

3.3a) , resulting in  a 72% plant loss at the end of the ful l  pastoral fal low. Most 

decl ine (93%) in  plant density occurred before m id-February. After February 

the decl ine was small and occurred at a much slower rate (Figure 3 . 1  a) . Thus 

it is suggested that ,  in practice, the completion date of a pastoral fal low can be 

flexibly chosen from February onwards from a plant density point of view, 

depending on the requ i rement of other  environment conditions for oversowing,  

such as moisture .  I n  fact, the early pastoral fal low (October - December) 

treatment was concluded in late December and resulted in final t i l ler and clover 

g rowing point densities which were not significantly d ifferent to those of the ful l  

pastoral fal lows. The decl ine in plant densities in the late pastoral fal low 
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(February-May) was not as substantial as the ful l  or  early pastoral fallows due 

to lower pasture accumulation in the autumn,  than in the late spring and 

summer, which was driven in  part by low rainfall during February - Apri l  1 994. 

Sufficient pasture g rowth is necessary for an autumn pastoral fal /ow to achieve 

a satisfactory decl ine of plant population density. This can be obtained by 

e ither extending the fal lowing period or g rowth promoting methods such as 

addition of n itrogen .  Decomposition of plant l itter which accumulated during 

pastoral fal lowing ,  especial ly from January to March (Figure 3 .2a) , might 

provide additional nutrients to meet the needs of the seedl ings of oversown 

pasture species. This can be important in the post-appearance survival and 

in it ial g rowth of seedl ings (Barker and Zhang, 1 988) . Significant decl ine in root 

mass at 0 - 50 mm soi l depth during pastoral fal low (N ie ef al. , unpubl ished 

data) should reduce root competition from remaining p lants on the seed l ings of 

oversown species. 

A detailed d iscussion of the effect of pastoral fal low duration was g iven by 

Mackay et al. ( 1 99 1 ) . A spring-late autumn pastoral fal low al lowed reproductive 

growth of all species, resulting in considerable natural re-seeding (N ie et a I . ,  

unpubl ished data) . Th is may impose strong competition i f  pasture seeds are 

oversown . An early-concluded or late-commenced pastoral fal low to avoid 

seed maturity or  seed development may considerably suppress reproduction 

while retaining the benefit of substantially red ucing plant density for 

oversowing ,  as long as a sufficient growth is achieved during pastoral fallowing.  

I n  conclusion , pastoral fal lowing substantially altered sward structure and 

decreased plant population density, as predicted by the self-th inning rule ,  in a 

h i l l  pasture , which may present a favourable envi ronment for introducing 

improved forage species (Plate 3.2) .  A shorter-term partial pastoral fal low wi l l  

also reduce p lant population density and competition from natural reseeding 

and might offer a more practical method for preparing a pasture for sowing new 

species. The success rate of sown species fol lowing a pastoral fal low needs 

further study. 
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Plate 3.2 A close view of the open sward when plant m aterials have 
been grazed off by cattle. 
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Abstract 

Influence of pastoral fallow on plant root ... 69 

Pastoral fal lowing over a g rowing season (October - May) has a p rofound effect 

on standing biomass and sward structure ,  and this should have an impact on 

below ground p lant growth and soil biological activities. Two f ie ld studies were 

conducted to compare the effects of pastoral fallow with rotational g razing on  

root g rowth and soi l physical and chemical properties . Root g rowth and 

d istribution was altered by pastoral fal lowing and there was significantly (P < 

0 .01 ) less root b iomass at 0 - 50 mm depth of soi l  in the fal lowed sward than 

the g razed sward . Compared with the grazed treatment, pastoral fallow 

increased soi l  air permeabi l ity at 500 mm tension by 38%, saturated hyd raul ic 

conductivity by 26%, unsaturated hydraul ic conductivity at 20 mm tension by 

56% and soil moisture by 1 0  - 1 5%, and reduced soil bu lk density by 1 1  % .  

Fallowing had l ittle effect on soil nutrients both at the end of fal lowing and two 

to three years after fal lowing,  except for small reductions i n  K and mineral N 

levels at 0 - 75 mm soi l  depth . 

Key words : air permeabil ity, hydraul ic conductivity, pastoral fall ow, root 

b iomass , soi l moisture , soil nutrient. 

4.1 I NTRODUCTION 

A pastoral fal low, which involves no defol iation of pasture for a period general ly 

from spring to autumn,  has been suggested as a management tool to reduce 

plant population density of hi l l  pasture in p reparation for oversowing improved 

germplasm (Chapter 3 ;  N ie et al . ,  1 997a) . Whi le decline in  above ground 

competition on  introduced species during a pastoral fal low has been quantified 

(Chapter 3; N ie et a I . ,  1 997a) , the impact of pastoral fal low on below ground 

root density has not been reported . Seager ( 1 987) indicated that below ground 

competition is a major factor influencing the growth and development of 

ryegrass (Lolium perenne L.) seedlings in a h i l l  pasture .  Sangakkara ( 1 983) 

concluded that root competition between grass species began earl ier and had a 
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g reater impact on the overall competitive relationships between the species 

than shoot competition.  The capacity of below ground competit ion of a plant 

species is predominantly determined by root density and d istribution in the soi l .  

Studies have a lso shown that a pastoral fal low stimulates mineral isation of  soi l 

o rganic matter and the release of n itrogen (N) fixed by legumes, and improves 

white clover ( Trifolium repens L.) g rowth and content in a h i l l  pasture for up to 

fou r  years post-fal/owing (Mackay et aI . ,  1 99 1 ; N ie et a I . ,  1 996; Chapter 7) . 

However, the impact of these changes on the soi l  resource during a pastoral 

fallow has received l ittl e  attention. 

Stock treading can cause leaf crushing and bru ising, p lant d isplacement and 

b urial , and root damage as a result of d i rect hoof impact (Edmond ,  1 963) . 

Animal traffic and treading pressures also exert considerable forces on the soi l .  

Soi l  pressures from sheep and cattle hooves may reach 200 to 350 kPa, 

considerably h igher than those exerted by a tractor which range from 30 to 1 50 

kPa (Proffitt et aI . , 1 993) . As a result, the increase in bulk density and 

decrease in  macroporosity which occurs during compaction can restrict root 

development, inhibit a ir  and water  movement, and hence decrease plant 

g rowth (Watkin and Clements, 1 978; Cl imo and Richardson,  1 984; Naeth et a I . ,  

1 990) . Thus,  the development of  farm management practices which a im to 

restore the structural cond ition of soil is of g reat importance for sustainable 

agricultural production , especial ly in a system where grazing often occurs on 

wet soi l (Edmond, 1 974; Wil latt and Pul lar, 1 983) . During a pastoral fal low, the 

impacts of animal traffic and treading are ameliorated ,  p roviding an opportunity 

for a soi l to restore physical structure .  

This chapter describes changes in root biomass and d istribution and a range of 

soi l  physical and chemical properties (air permeabi l ity , hydraul ic conductivity, 

soi l moisture and nutrients) between fal lowed and grazed h i l l  pastures. 
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4.2 MATERIALS AND M ETHODS 

4.2.1 S ite 

71  

Two experiments were carried out at the AgResearch Hi l l  Country Research 

Station ,  Ballantrae (400 1 9 ' S, 1 750 50' E) , 20 km east of Palmerston North . 

The t rial site was split between a south (shady) and north (sunny) face. The 

soi l was a yel low-grey earth/yel low-brown earth intergrade (Typic Oystrochrept) 

of sedimentary orig in ,  with average pH 5 .4 and Olsen P 1 0 �g Pig soil .  No  

ferti l iser had been applied in the 1 0  years before 1 989. M ean monthly rainfal l  

during the experimental period (October 1 993 - May 1 994) was 83.3 mm, 86% 

of the 24-year average. Ful l  details of trial site are described by Nie et a l .  

( 1 997a; Chapter 3) .  

4.2.2 Design and treatments 

Experiment 1 was a spl it-plot design with three repl icates on the shady and two 

on the sunny aspect. I ndividual main plot size was 500 - 800 m2, spl it in half as 

split-plots (sub-plots) . The main plots involved two treatments: 1 )  ferti l ised 

treatment which received 35 kg P/haJyear as North Carol ina reactive phosphate 

rock, and 1 4  kg S/ha/year of elemental sulphur  from 1 989 to 1 993; 2) non

ferti l ised treatment. The sub-plots involved two treatments: 1 )  fal lowed 

treatment which was not defoliated from 1 9  October, 1 993 unti l 31 May, 1 994; 

2) non-fal lowed treatment which was rotationally g razed by sheep with herbage 

mass not exceeding 3000 kg dry matter (OM)/ha.  

To monitor long-term effects of pastoral fal low on soil chemical characteristics , 

soi l samples were taken and analysed in Experiment 2 which was a 

randomised complete b lock (RCB) design with fou r  treatments replicated three 

times on the shady and two times on the sunny aspect. The four t reatments 

were: 1 )  and 2) the same treatments of the above main plot treatments 

(ferti l ised and non-ferti l ised) , sampled before the fal lowing treatments were 
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imposed; 3) previously fal lowed from September 1 989 unt i l  May 1 990 (PF89) ; 

4) previously fallowed from September 1 990 unti l  Apri l 1 99 1  (PF90) . 

4.2.3 Measurements 

4.2.3. 1  Root biom ass 

On 8 June 1 994 five, 50-mm diameter cores were sampled in each p lot of the 

ferti l ised fal lowed and fert i l ised grazed treatments on the shady aspect to 

measure root biomass from Experiment 1 .  Cores were trimmed to remove 

above ground plant material , divided into 0-50, 50- 1 00, 1 00-200, 200-400 and 

400-600 mm depths, and the five cores from each p lot were combined and 

evenly m ixed within each depth. Soil was washed from a 450 - 500 g sub

sample from each depth using water and fine (200 lJm) mesh nylon bags. 

Roots were further cleaned by hand picking stones and particles that could  not 

pass through the 200 lJm mesh nylon bags before being dried at 65 °C for 48 

hours .  

4.2.3.2 S o i l  moisture 

Time-Domain-Reflectometry (TOR) (Trase - Model 6050X1 , Soi l  Moisture 

Equipment Corp, California, USA) was used to measure volumetric soil 

moisture along a 1 50-mm length of wave guide on 27 Apri l 1 994 (Topp and 

Davis, 1 985) .  The manufacturer's calibration were confirmed as being 

sufficiently close to manual determinations of volumetric soi l  water content 

using 1 00 mm d iameter rings to 75 mm depth . The wave guides were instal led 

perpendicular to the soil surface. Ten readings were recorded in each of 

twelve sub-plots from the shady aspect of Experiment 1 .  G ravimetric soi l  

moisture was measured by collecting twenty soi l cores of 25 mm d iameter and 

50 mm depth in each p lot on 28 Apri l  1 994. Fresh soil samples were weighed 

and oven-dried at 1 05 °C for 24 hou rs .  
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4.2.3.3 Soil hydraul ic  conductivity, air permeabi lity and bulk density 
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Along with the measurement of root biomass, ten soi l  cores of 1 00 mm 

diameter and 77  mm depth were col lected using stain less steel tubes i n  the 

same p lots to measure hydraul ic conductivity, a i r  permeabi l ity and bu lk  density. 

The base of each core was trimmed off l evel with the stain less stee l  edge, then 

treated with p laster of Paris to al low the soi l  to fractu re across its natural 

weakness. This treatment removed loose fragments of soi l ,  roots and any 

smearing as a result of cutt ing. Washed and graded sand was added to the 

base to br ing it up  to a smooth level surface and a nylon cloth with a hole size 

of 90 �m was placed on to the base and held t ightly in position with large 

rubber bands. The cores were then saturated in a stainless stee l  tray for four 

days, and saturated hydraul ic conductivity was measured by obtain ing,  at a 

min imum, three consistent recordings of water flow rate through the cores. 

Unsaturated hydraul ic conductivity was measured with tensions of 20, 40 and 

1 00 mm applied to the permeameter. Air permeabi l ity was measured at 1 00 ,  

200 and 500 mm of  tension using flow gauges and a graduated U -shape tube 

f i l led with water. Bulk density was determined fol lowing oven-drying of the 

cores at 1 05 cC. 

4.2.3.4 Soil  nutrient analysis 

On 22 October 1 993, twenty-five, 75 mm deep and 25 mm diameter soil cores 

were taken from each p lot of Experiment 2, then air-dried and analysed for Ca, 

K ,  P ,  Mg ,  N a, S, anion storage capacity and organic su lphur. 

At the conclusion (3 1 May 1 994) of the 1 993/94 pastoral fal low, twenty, 75 mm 

deep and 25  mm d iameter soil cores were taken from each o f  twe lve sub-plots 

from the shady aspect and analysed for soil pH and exchangeable Ca and K 

and extractable P and S, Mg,  Na ,  organic carbon and organic su lphur in  the 

soi l .  On the same day, ten ,  25 mm diameter soi l  cores were sampled from 

each of the six fertil ised subplots to analyse ammonium n it rogen (NH4+-N )  and 

n itrate n itrogen (N03--N) on a f ie ld moist soi l sample. These soi l  cores were 

divided into 0-75 , 75- 1 50 and 1 50-300 mm depths. Mineral n it rogen was 
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calcu lated by summing N H/-N and NOs"·N .  The soi l  analytical methods are 

described in B lakemore et a l .  ( 1 987) . 

4.2.4 Statistical  analysis 

Data were analysed by Analysis of Variance (ANOVA) using a pooled split-plot 

model ,  with the G enera l  Linear M odel (GLM) procedure of the Statistical 

Analysis System (SAS Institute, 1 990). A randomised complete b lock (RCB) 

design was used to compare air permeabi l ity, bulk density, root b iomass and 

soi l  n itrogen content between fal lowed and g razed treatments. A pooled RCB 

design was used to analyse the soi l n utrient content of ferti l ised, non-fertil ised 

and p reviously fal lowed treatments. 

4.3 RESULTS 

4.3. 1  Root b iomass and d istribution 

Root b iomass decl ined with sampl ing depth , with the 0-50 mm soi l  depth 

accou nting for 74% and 62% of the total root biomass (0-600 mm soil depth) for 

the ferti l ised grazed and fert i l ised fal lowed swards, respectively (Figu re 4 . 1 ) . 

The re was significantly ( P  < 0 .0 1 )  lower root b iomass under the fal lowed sward 

than the g razed sward at 0-50 mm soi l  depth. However, there were no  

significant (P  > 0 . 1 )  d ifferences in root biomass between fal lowed and g razed 

p lots at othe r  soi l  depths. 

4.3.2 Soil m oisture 

Soi l  moisture of 0-50 mm depth was significantly ( P  < 0.05) h igher in the 

fal lowed than in the g razed sward (Table 4 . 1 ) . The soil moisture of the fal lowed 

treatment at 0- 1 50 mm depth was also h igher (P < 0 . 1 )  than the grazed 

t reatment. 

Soil moisture on the sunny aspect was significantly (P < 0 .0 1 )  lower than on the 

shady aspect at al l soi l depths. The d ifference in soi l  moisture between 

ferti l ised and non-ferti l ised t reatments was not significant (P > 0 . 1 )  for 0-50 
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Figure 4.1 Root biomass of a range of soil depths under 

fal lowing and g razing (bars indicate LSDo.os ;  ** 

represents P < 0.05) . 
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Table 4.1 Effects of pastoral fal low, ferti l iser and 

aspect on gravimetric (0-50 mm depth) and 

volumetric (0- 1 50 mm depth, TDR tested) 

soi l  moisture (%) at the late stage (27-28 

Apri l 1 994) of a spring - autumn fal low. 

Treatment Soil depth (mm) 
..................................................................... 

0-50 0-1 50 

Fal low 28.2 25.4 

G razing 25.6 22. 1 

s.e.m. 0. 66* 0.99t 

Shady aspect 32.6 29. 1  

Sunny aspect 1 8.4 1 5 .8 

s.e.m. 0. 74** 1 . 52** 

Fert i l iser added 27.9 24.8 

No fert i l iser 25.9 22.7 

s.e.m. 1 . 14  0.B2t 

**, * and t rep resent P<0.01 , P<0 .05 and P<0 . 1 ,  

respectively. 
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depth , but significant (P < 0. 1 )  for 0- 1 50 mm depth with an increased soi l  

moisture by fert i l iser application . 

4.3.3 Air  permeabi lity, bulk density and hydraul ic  condu ctivity 

Air  flow was greater through the cores collected from fal lowed plots at al l  

tensions of 1 00,  200 and 500 mm, with the d ifference between the fal lowed and 

g razed treatments reaching the significance (P < 0.05) at a tension of 500 mm 

(Table 4.2) . The bulk density (0.65 Mg/m3) of fal lowed soi l was lower (P  < 0 . 1 )  

than that (0.72 Mg/mS) of the grazed soi l .  

The saturated hydraul ic conductivity (483 mm/hr) of fal lowed soi l  was 

significantly (P < 0.05) h igher than that (383 mm/hr) of the grazed soil (F igure 

4 .2) . The unsaturated hydraul ic conductivity ( 1 52 m m/hr) of fal lowed soil at 20 

mm of tension was 67% h igher, though not significant, than the g razed soi l (91  

m m/hr) . There were minor d ifferences in  unsaturated hydrau l ic conductivity at 

40 and 1 00 mm of tension between fal lowed and grazed soi ls .  

4.3.4 Soil nutrients 

At the end of the October - May pastoral fal low, the two detectable d ifferences 

in  n utrient content were K and mineral N level at 0-75 mm soi l depth , which 

were significantly (P < 0 .01  and 0.05 ,  respectively) h igher on the grazed than 

the fal lowed p lot (Table 4.3 and 4.4) . There was no significant d ifference in 

e ithe r  N H4+-N or  NOs--N at all soi l  depths between the two treatments (Table 

4 .4) . There was also no significant (P  > 0.05) d ifference in other  n utrient levels 

i nclud ing P ,  S, Ca and Mg, pH,  organic carbon and o rganic su lphur levels.  

Soi l  pH of both p reviously fal lowed treatments (PF89 and PF90) was 

significantly ( P  < 0.0 1 ) h igher than that of the ferti l ised treatment which was 

significantly h igher than that of the non-fert i l ised treatment (Table 4 .5) . There 

were lower (P  < 0. 1 - 0.0 1 ) Ca, P and Na levels in  the non-fert i l ised treatment 
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Table 4.2 Air permeabil ity (* 1 0-12 m2) and bulk 

density (Mg/m3) of fallowed and grazed 

sward at the conclusion (31 May 1 994) of 

a spring - autumn fallow. 

Treatment Tension (mm) 

Fallow 

Grazing 

s. e.m. 

1 00 

4.3 

2.8 

1 .3  

200 

5.5 

4.5 

0.3 

500 

43.0 

31 .2 

1 .3* 

Bulk density 

0 .65 

0.72 

0. 02t 

* and t represent P < 0.05 and P < 0. 1 ,  respectively. 
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o 
1 00mm 40mm 

Unsaturated 
20mm Saturated 

Figure 4.2 Saturated and unsaturated hydraul ic conductivity 

at tensions of 1 00, 40 and 20 mm in g razed and 

fal lowed soils (bars indicate LSDo,os ;  * represents 

P<0 .05) . 
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Table 4.3 80il n utrients of fal lowed and grazed treatments at the conclusion 

(31 May 1 994) of a spring - autumn fal low (OC and 08 are organic 

carbon and organic sulph u r, respect ively) . 

Treatment pH Ca Mg K Na Olsen-P 80 -8 4 

-cmol(charge)/kg soi l a_ -m g/kg soi l-- % 

Fallow 5.3 3 .5 1 .3 0 .4 0 .3 1 4.4 1 2.2 1 1 .3 5 .4 

G razing 5 .3 3 .6 1 .3 0 .5 0 .3 1 3 .5 8 .9 1 1 .0 5 .8  

s.e.m. 0. 03 0. 1 1  0. 02 0. 0 1 ** 0. 0 1  0. 74 2.2 1  0. 66 0. 19  

** represents P<0 .01 ; a meq%. 
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Table 4.4 

Soi l  depth 

0 - 75 

75 - 1 50 

1 50 - 300 

Influence of pastoral fallow on plant root ... 8 1  

Ammonium-nitrogen (N as N H/) , n itrate-n it rogen (N a s  N03") and 

their total (mineral-N )  content of soi l  at three soi l depths (mm) for 

fal lowed and grazed t reatments (31 May 1 994) . 

Treatment N as NH4+ N as N03- M ineral N 

mg/kg soi l  

Fal low 23.7 1 1 .8 35.5 

Grazing 30.9 1 1 .5 42.4 

s.e.m. 4. 04 3. 90 1 . 1 7* 

Fallow 1 6.9 9 . 5  26.4 

Grazing 22.5 9 .0  3 1 .5  

s.e.m. 3. 04 1 . 1 8  3. 1 0  

Fallow 1 4.9 9 .2 24. 1 

G razing 1 8 .0 9 .0  27.0 

s.e.m. 2.35 0. 15 2.3 1  

* represents P<0.05. 
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Table 4.5 pH and soi l  minerals (mg/kg soil) of ferti l ised (Fert+) , non-fert i l ised 

(Fert-) , 89/90 fallowed (PF89) and 90/91 fal lowed (PF90) 

treatments tested on 1 9  October 1 993 (PR and 08 represent 

phosphorus retention (%) and o rganic sulphu r, respectively) . 

Treatment 

Fert+ 

Fert

PF89 

PF90 

s.e.m. 

pH Ca K P Mg  Na 8 P R  08 

5.36b 5.2a 6.2 1 1 .2a 28.2 8.6ab 5.8 3 1 .6  5 .4 

5 .3c 4.6b 7.2 7.6b 30.0 8.2b 6 .8 33.6 5 .2 

5 .4a 5 .4a 6.6 1 0.6a 29.2 

5 .4a 5 .0ab 6 .2 1 2 .0a 26 .4 

0. 004 ** 0. 1 1 * 0.27 0.53* 1. 79 

9.4a 

9 .2a 

0.22t 

6.0 30.6 

6 .6 32.8 

0.46 1 .39 

5.6 

6 .4 

0.32 

**, * and t represent P<0.01 , P<0.05 and P<0. 1 ,  respectively; means with 

different superscripts are significantly different. 
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compared with the fert i l ised treatments. There were no significant (P > 0. 1 )  

d ifferences in other soi l  nutrient content between treatments. 

4.4 DISCUSSION 

4.4.1 Root biomass 

The reduction in plant number on the fal lowed plots was accompanied by a 

dec l ine i n  root biomass compared with the grazed plots i n  the top soi l  (0 - 50 

mm depth) . At the end of the pastoral fal low, Nie et a l .  ( 1 997a) reported that 

the total plant population density (29700 plants and ti l le rs/m2) of the grazed 

sward was 4.3 times that (69 1 0 plants and t i l lers/m2) of the fal lowed.  I f  each 

plant or t i l ler of g rass has its own root system, then substantial ly more 

plants/t i l lers in the grazed sward resulted in a significantly higher root biomass 

at 0-50 mm deep soi l  than the fallowed sward. Simi lar results were observed 

with i ncreasing grazing pressure (Deinum, 1 985; Barker et aI . ,  1 988) . Low root 

biomass at 0 - 50 mm depth under the fal lowed sward should favou r  the 

practice of using pastoral fal low as a tool to reduce plant shoot and root 

competition and oversow new plant germplasm (N ie et aI . , 1 997a) . Studies 

have shown that seedl ing survival is influenced by competition from exist ing 

vegetation whi le oversowing hi l l  country pastures (Seager, 1 987) , and below 

ground competition occurred before, and was more severe than, above ground 

competition (Sangakkara, 1 983) .  Reduced root biomass at 0 - 5 0  mm below 

ground as wel l  as reduced plant population density above ground (N ie et aI . ,  

1 997a) may present a favourable envi ronment for seedl ing survival whi le 

oversowing in hi l l  country. 

Root b iomass decreased with increasing soi l  depth for both fal lowed and 

grazed treatments , the proportion of root biomass at depths >50 mm in the soi l  

prof i le was simi lar for the two treatments (Figure 4 . 1 ) .  This indicates that 

pastoral fal lowing encouraged the growth of fewer, larger plants with more ,  

deeper roots per p lant than the grazed sward . The smal ler p lants in the grazed 
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sward could resu lt in a shal lower root system, and compaction by g razing may 

a lso decrease rooting depth (Shierlaw and Alston ,  1 984) . 

Mackay et a l .  ( 1 99 1 )  also found a h igher root biomass below 200 mm soi l depth 

in the fallowed swards than the grazed swards, but unl ike the p resent study, 

root biomass in the fal lowed swards was also higher in the upper (0-200 mm) 

soil profi le .  Interestingly, in the study of Mackay et al . ( 1 99 1 ) ,  root biomass was 

sampled in early May, four  weeks earl ier than in the present study. The higher 

absol ute root density reported in that study on both the fallowed and g razed 

swards,  is consistent with a pattern of decl ining root biomass from the peak root 

b iomass in early summer t i l l  the autumn/winter period measured by Matthew et 

a l .  ( 1 99 1 ) ,  and supported by the data for a h i l l  pasture environment (D.J .  

Barker,  personal communication) . I n  late spring with above ground biomass in 

excess of 5000 kg DM/ha on the fal lowed plots compared with on ly 2000 kg 

DM/ha on the grazed pasture ,  root density would probably be higher at a l l  soi l 

depths on the fall owed plots. Associated with the subsequent d ramatic loss in 

p lant n umber form >20000 to <7000 plants/m2 on the fal lowed plots from spring 

til l late autumn (Nie et aI . , 1 997a) , would be the accelerated loss of plant root 

biomass, resu lting in lower root biomass on fal lowed compared to g razed plots 

by the end of the fallow. Seasonal variation of root biomass and quantity of 

p lant loss during fallowing may affect the results of root biomass comparing 

fal lowed and g razed swards. 

4.4.2 Soil physical properties 

The effect of g razing wet soils has been recognised as a potential problem in 

New Zealand ,  the U .S.A. ,  and the U .K. since 1 930s (Sears, 1 956;  Proffitt et a I . ,  

1 993) . Stock treading has been shown to increase soi l  bu lk density and 

decrease water infi ltration and/or hydraul ic conductivity (Edmond ,  1 974; Wi l latt 

and Pu l lar, 1 983; Burch et a I . ,  1 986) . Compared with the grazed t reatment, 

removing stock grazing and treading through a spring - autumn pastoral fal low 

resulted in an 1 1 % reduction in soil bulk density (P < 0. 1 ) , a 38% increase in air 
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permeabi l ity at 500 mm tension (P < 0.05) , a 26% increase in saturated 

hydraul ic conductivity (P < 0.05) , and a 67% increase in unsaturated hydrau l ic 

conductivity at 20 mm tension. S im i lar pastoral fal low effects on soi l  infi ltration 

rate were observed by Proffitt et a l .  ( 1 993) . Although reduction in bu lk density 

indicates an increase in soi l  porosity, it provides l ittle information on pore size 

d istribution and function . The measurement of unsaturated hydraul ic 

conductivity at 20, 40 and 1 00 mm tensions presents an indication of the flow 

rate of water through pores > 1 500 J,.lm ,  >750 J,.lm and >300 J,.lm ,  respectively. I n  

the  present study, the increase in  both saturated ,  and unsaturated hydraul ic 

conductivity at 20 mm tension on fal lowed soi l  showed improved water flow 

rates as a resu lt of an increase in  large pores (>1 500 J,.lm) compared with the 

g razed soi l .  The mechanisms that reduced bulk density and improved 

hydraul ic conductivity during pastora l  fal lowing were probably the release of soi l 

from compression by stock tread ing ,  the growth and subsequent decay of p lant 

root systems and the activity of soi l  fauna, such as earthworms, which increase 

soi l  porosity. These results demonstrate that pastoral fal low can be an effective 

management option to reduce soi l  structural deterioration caused by stock 

treading .  However, in this situation the soi l physical properties of the grazed 

sward were un l ike ly to inhib it pasture growth . 

The fal lowed sward had higher moisture content at 0 - 50 mm depth of soi l than 

the g razed sward (Table 4. 1 ) . This was probably attributed to 1 )  the 

accumulation of plant l itter at the base of the sward and dead standing plants 

fol lowing the completion of l ife c i rcle (after reproduction) in February/March , 

which formed a layer of "mulch" on  the soi l ; 2) a lower transpi ration rate due to 

the smal ler area of g reen leaves at the late stage of fal lowing (N ie et aI . ,  

1 997a) . A number of authors (Kamara, 1 986; Hulugal le and Palada, 1 990; 

Yunusa et aI . , 1 994) have shown that mu lching can restrain soi l  evaporation , 

and hence i ncrease the availabi lity of soil moisture .  It would be an advantage 

of pastoral fal low to increase soil water conservation as wel l  as to reduce soi l 

compaction ,  because mechanical methods to reduce soi l bulk density and 

increase soi l porosity can result in a significant d rier soi l  prof i le (0 - 700 mm) 
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(Harrison et aI . , 1 994) . Furthermore ,  soi l moistu re content is the m ost 

dominant factor affecting seed germ ination and seedl ing establ ishment (Harper 

and Benton ,  1 966; McWil liam and Dowl ing, 1 970) if pastoral fal low is used to 

reduce resident plant populat ion density for oversowing improved germplasm . 

Soi l  moisture on  the south aspect was significantly h igher than on north aspect, 

p rimarily due to considerably greater solar radiat ion and potential 

evapotranspiration on the north aspect, which is s imi lar to Radcliffe's f indings 

( 1 967 and 1 98 1 ) .  Plots receiving fert i l iser had higher soi l moisture content (0 � 

1 50 mm soi l  depth) than non-fert i l ised p lots, probab ly due to more organic 

m atter  accumulation in the fert i li sed sward by a long-term ( 1 989 - 1 993) 

fert i l iser use. I t  was reported that as o rganic matter l evels increase,  a soil could 

hold more water (Wind and Schothorst, 1 964; Cl imo and Richardson ,  1 984 ; 

Sheath and Boom, 1 985) . I nd irect evidence was that h igher soi l  water content 

was found on animal camps and tracks (Radcliffe, 1 967) . 

4.4.3 Soil chemical properties 

I n  genera l ,  pastoral fal low had no significant (P > 0. 1 )  effects on the content of 

most nutrients in soi l both during the fallowing period and in the post-fal low 

period (2 - 3 years) , compared with the grazed treatment (Table 4.3 and 4 .5) . 

The significant difference i n  Ca, P and Na levels between previously fallowed 

treatments with added fert i l iser and the non-fal lowed treatments with or without 

added ferti l iser appeared to be a ferti l iser effect in that on ly the non-fert i l ised 

t reatment h ad significantly lower Ca, P and Na levels (Table 4 .5) . 

Pastoral fal low resu lted i n  a s lightly lower K content, and minera l  N content at 0 

- 75 mm soil depth at the end of fal low, compared with the grazed sward (Table 

4 .3 and 4.4) . There are two possible reasons for this. Firstly, exclusion of 

g razing animals in the fal lowed sward el iminated input of dung and urine which 

mostly  contains the n it rogen and potassium in rapidly available form (Sears, 

1 956) . Secondly, the high pasture growth rate during pastoral fal lowin g  
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(Mackay et aI . , 1 99 1 ) may lead to n utrient depletion .  I t  is wel l  known that ,  in 

pastoral systems, g rass and clover may compete actively for N, P, K and S 

(Donald ,  1 963) .  Because soi l P and S l evels had been raised in  the ferti l ised 

plots of this experiment, it is, therefore, not surprising that N and K were 

deficient in the fallowed sward . Another possible factor reducing minera l  N 

content in the fal lowed sward was less N fixation (Mackay et aI . ,  1 99 1 ) ,  the 

herbage mass of legumes decl in ing by 83.7% during the fal lowing period (N ie 

et a I . ,  1 997a) . 

Both g rass t i l ler population and pasture production were markedly increased in  

the fallowed sward one to two years after fal lowing (N ie et a I . ,  1 996 and 

1 997b) . This may result from:  1 )  the improvements of soi l  physical properties 

by fal lowing; 2) the mineralisation of p lant residues and soi l  organic N being 

stimu lated shortly after the conclusion of pastoral fal lowing (Mackay et aI . , 

1 991  ) . 

Soi l  pH was not affected at the end of a pastoral fal low, but was sl ightly 

increased two years after fal lowing. Because acid and moderately acid soils 

(pH 5 - 6) are wide-spread in farmed areas of New Zealand (Carran ,  1 992) ,  the 

use of pastoral fallow to raise soil pH may be of benefit. However, the 

mechanism for this soi l pH increase needs further investigation .  

In  conclusion,  pastoral fal low reduced the root biomass at top soil ,  improved 

soi l physical properties, e .g .  soi l  porosity, ai r  permeabil ity, hydraul ic 

conductivity and moisture ,  but had l itt le effect on soi l chemical properties. 
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Abstract 
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1 .  A pastoral fall ow is a management tool that either  encourages natural 

reseeding for increasing sward persistence and productivity, o r  reduces plant 

population density through self-thinn ing for oversowing improved plant 

germplasm . Two field experiments were carried out in a h i l l  pasture, ( i) to 

identify patterns of cumulative seedl ing appearance of g rasses, legum es and 

weeds in  fal lowed and grazed swards through g lasshouse germination 

measurement, and ( i i )  to investigate the change of viable seed population of 

these species d uring a spring - autumn pastoral fal low. 

2. Regression analysis revealed that the patterns of cumulative seedl ing 

appearance fol lowed a modified negative exponential function .  Partial 

d ifferentiation of this function derived a germ ination rate curve on which a two

pool ( rapidly germinable pool and base pool) model was developed to 

quantitatively describe the seed dynamics of soi l viable seed reserves.  

3. A spring - autumn pastoral fallow increased the viable grass, legume,  weed 

and the total seed population by 5 1 - 1 60%, compared with the grazed control . 

Ferti l izer application reduced the viable g rass seed population by 26%. The 

viable legume seed population was higher on a shady than on a sunny aspect. 

4. Short duration (2 - 3 months) pastoral fal lows resu lted in significantly lower 

viable g rass seed population than the ful l  (spring - autumn) fal lows. 

5. The variation in soil viable seed population during a spring - autumn pastoral 

fal low followed a predictable pattern , which provides useful information for 

either  uti l ising or restricting  natural reseeding in practice. 

Key words: h i l l  pasture, natural reseeding ,  pastoral fallow, viable seed 

population .  
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5.1 I NTRODUCTION 

94 

Natural reseeding is  the process of p lant regeneration from seeds produced by 

resident parent plants. It has been recommended as a m eans to rehabi l itate 

rangeland (Sampson , 1 952) and to rejuvenate a declin ing content of desirable 

pasture species (Langer, 1 973; East et aI. , 1 980; Yang et aI . ,  1 988) . The 

importance of natural reseeding for new plant recruitment to maintain sward 

pers istence of pra i ri e  g rass (Bramus willdenawii Kunth) (Boom and Sheath , 

1 990;  H ume et aI . , 1 990) and perennial ryegrass (Lalium perenne L) (L' Hu i l l ier 

and Aislabie, 1 988) has been demonstrated in New Zealand .  I n  a North Island 

dai ry system, natu ral reseeding doubled the t i l ler density of perenn ial ryegrass 

and increased pasture growth by 1 5  - 1 9% in the year fol lowing a spring -

summer deferred grazing, which al lowed the resident ryegrass to set seed 

(McCal lum et a I . , 1 991 ) .  

The potential o f  natural reseeding i s  determined by the viable seed population 

beneath a pasture ,  which further depends on the balance between seed gains 

and l osses (Harper, 1 977; Howe and Chancel lor, 1 983) . Since seed gains 

result largely from the amount of seed shed from matured plants (Howe and 

Chancellor, 1 983) , a l lowing reproductive development of a sward is essential to 

increase buried seed reserves. Studies showed that a pastoral fal low 

(otherwise cal led deferred grazing or  summer spel l ing) , where pastu re is not 

defo l iated for a period from summer - autumn ,  is effective in encouraging 

seedhead numbers and natural reseeding (Sheath and Boom, 1 985; Boom and 

Sheath , 1 990; H ume and Barker, 1 99 1 ; McCallum et aI . ,  1 99 1 ) . However, the 

success rate of natural reseeding is greatly related to the in situ cl imate , 

edaphic condit ions, seed germ ination and seed dormancy of p lant species 

(Howe and Chancellor, 1 983; Hume and Barker, 1 99 1 ) .  This was reflected i n  

large  variat ion i n  natural reseeding i n  d ry h i l l  country among sites and years 

(Hume and Barker, 1 99 1 ) .  Therefore, an est imate of germination patterns of 

viable seeds of d ifferent plant species beneath pastures, the change in viable 
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seed population during pastoral fal low and its relation to c l imate and soi l  

conditions is needed to improve our understanding of the natural reseeding 

abi l ity of pastures. 

Knowledge of the natura l  reseeding characteristics of a h i l l  pasture would  a lso 

prove useful for reducing the competition to improved germp/asm introduced by 

oversowing. A pastoral fal low provides an effective tool for reducing p lant 

population density, through inter-plant competition and self-th inn ing,  in  o rder to 

present a potential ly favou rable envi ronment for oversowing improved pasture 

species (N ie et a I . ,  1 997) . Despite the reduction in competition from 

establ ished p lants as a resu lt of the pastoral fal low, the competit ion from seeds 

shed from the resident p lant species during a spring - autumn pastoral fal low 

wou ld be intense. To reduce this competition, information on how the viable 

seed population of pasture responds to various timing and duration of pastoral 

fall ows is requ i red.  

Understanding the dynamics of viable seed populations of fal lowed and grazed 

pasture is important for making management recommendations either  to 

encourage natural reseeding for increasing the persistence and productivity of 

desirable species, or  to min imise natural reseeding to l essen the competition to 

improved germplasm introduced by oversowing . 

This paper describes two studies designed to (a) measure the patterns of 

cumulative seed germination under fal lowed, previously fal lowed and grazed 

swards,  and (b) investigate the change of reseeding potentia l  of g rasses, 

legumes and weeds due to pastoral fal low, fertil ity and aspect. 
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5.2 MATERIALS AND METHODS 

5.2.1 S ite and treatments 

96 

Two experiments were conducted at the same site at the AgResearch H i l l  

Country Research Station,  'Ballantrae' (40° 1 9' S ,  1 75° 50 '  E ,  250 m altitude) 

near Palmerston North, New Zealand. The pasture consisted of p redominantly 

low ferti l ity-tolerant g rasses such as browntop (Agrostis capillaris L.) and sweet 

vernal (Anthoxanthum odoratum L. )  with small quantities of perennial ryegrass 

and white clover ( Trifolium repens L. ) .  The proportions of g rasses, legumes 

and weeds at the f ield site were 79, 1 3  and 8% of p lant density, respectively, at 

the commencement of the experiment.  Ful l details of the site are outl ined by 

N ie et a l .  ( 1 997; Chapter 3) . 

Experiment 1 had three treatments randomised in  three b locks on a south 

(shady) aspect and two blocks on a north (sunny) aspect. The area of 

individual plots ranged from 500 - 800 m2• The three treatments were :  

( 1 )  Fal lowed September 1 990 - April 1 99 1  (F90/9 1 ) ;  

(2) Fal lowed September 1 99 1  - May 1 992 (F9 1 /92); 

(3) Not fal lowed (grazed) .  

Apart from the two fallow periods, all plots were continuously grazed by sheep to 

prevent herbage mass exceeding 3000 kg DM/ha. All plots received 35 kg 

P/haiyear as North Carol ina reactive phosphate rock and 1 4  kg S/haiyear as 

e lemental sulphu r, from 1 989 to 1 992. 

Experiment 2 was a spl it-plot design with fert i l izer/non-fert i l izer treatments as 

main p lots and fallowing/grazing treatments as sub-plots, rep licated three t imes 

on the shady aspect and twice on the sunny aspect. The fert i l ised p lots 

received the same fertil izers at the same rates as Experiment 1 .  The fallow 

period was from 1 9  October 1 993 to 31 May 1 994. Two add itional treatments 

were designed to examine the effect of partial fal lowing, one fallowed from 1 9  
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October to 31 December 1 993, and the other fallowed from 1 7  February to 31  

May 1 994. Fu l l  details of the treatments and grazing management were g iven 

by N ie et al. ( 1 997; Chapter 3) . 

5.2.2 Measurements 

5.2.2.1 Experi ment 1 

At the completion of F91 /92 on 26 May 1 992, twenty 50 mm turf plugs were 

col lected from each p lot of al l treatments and put in  a g lasshouse at a 

temperature of 20 °C for 7.5 months. G rass , legume and weed seedlings were 

counted and removed at two to fou r  week intervals in  the first ten weeks after 

harvest (26 May 1 992) , and at six to ten week intervals for the rest of  the 

measurement period. Turf plugs were t rimmed to soil surface at each seedl ing 

cou nting and watered to keep moisture for seed germination.  Viable seed 

population was the germ inable seed n umber during the experimental period 

and d id not include the dormant seeds. 

5.2.2.2 Experiment 2 

At the start ( 1 9 October 1 993), middle ( 1 5  February 1 994) and end (31 May 1 994) 

of the experiment for all treatments, and on 29 December 1 993 and 22 March 1 994 

for fal lowed swards, twenty 50 mm soil plugs were collected from each plot to test 

the reseeding potential of grasses, legumes and weeds. Difficulties in identifying 

seedlings amongst growing tillers in Experiment 1 led to modifying the technique in 

Experiment 2. The soil plugs were sprayed with glyphosate, which was assumed 

to have no detrimental effect on seed viabil ity, to eliminate the resident vegetation , 

then put in a glasshouse with an automatic watering system at 20 °C for seven 

months. One week after the spray, plugs were trimmed to the soil surface, and 

grass, legume and weed seedlings were counted and removed at four  to e ight 

week intervals depending on seedling density. 



Chapter S Influence of pastoral fallow on natural reseeding .. .  

5.2.3 Statistical analysis  

98 

Data were analysed by Analysis of Variance using a pooled randomised 

complete block ( ReB) or  split-plot model , with the Genera l  Linear Model 

procedu re of the Statistical Analysis System (SAS Institute, 1 990) . A ReB 

model was used to analyse the data of Experiment 1 ,  and to compare the 

effects of fal lowing treatments during the middle stages of the experiment, and 

the f inal effects of ful l  and partial fal lows on natural reseeding in Experiment 2. 

A pooled split-plot model was used to analyse general effects of fal lowing, 

fert i l izer and aspect in  Experiment 2 .  The equations of cumulative seedl ing 

density and germ ination t ime for Experiment 1 were calculated by the NUN 

(non-l inear regression) procedure of t he  Statistical Analysis System using the 

Marquardt opt ion. 

5.3 RESULTS 

5.3. 1 Rainfal l  and temperature 

Whi le mean monthly rainfal l during Experiment 1 ( 1 1 5.8 mm/month) and 

Experiment 2 (83 .3 mm/month) was simi lar to the 26-year average (differences 

= +8% and - 1 4%,  respectively) , monthly rainfa l l  for Experiment 2 during 

N ovember 1 993 was 1 68.9 mm, 84% over the 23-year average (91 .8  mm), and 

from January to M arch 1 994 was on ly 57.5 mm in average ,  66% of the 24-year 

average (87.5 mm) .  M ean monthly ai r temperatu re ( 1 2 .2 ·e and 1 3.8 ·e) during 

the experimental period of both years was simi lar to the 26-year average (mean 

1 3.8  ·e) . 
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5.3.2 Experiment 1 

5.3.2.1 Viable seed population 

99 

G rasses comprised 77% of the total viable seed population that germinated 

over the 7 .5 month test period, while weeds and legumes were only 1 8% and 

4%, respectively (Table 5 . 1 ) .  There were significant d ifferences (P  < 0.05) 

between treatments in g rass viable seed population and in  the total viable seed 

population of g rasses, legumes and weeds, which were the result of 

considerably h igher g rass and total seedl ing population (2 1 480 and 263 1 0  

seedl ings/m2, respectively) for F9 1 /92, than F90/91 and the grazed sward 

(means 5450 and 7790 seedlings/m2 ,  respectively) . The effects of treatments 

on the viable seed population of legumes and weeds were marginal (P < 0 . 1 ) 

but with trends simi lar to those for total and grass viable seed population.  

5.3.2.2 Pattern of cumulative seedl ing population 

The germ ination rate of g rasses in the F91 /92 treatment was much higher in  

the early than late stages of the test period (Figure 5 . 1  a) . Of  the total 

germinated g rass seedl ings for F91 /92, 72% appeared in the f irst 40 days of 

incubation . I n  contrast, there was a uniform rate of seedl ing accumulation in 

g rass i n  the F90/91 and grazed treatments. There were significant (P  < 0.05) 

d ifferences in  g rass seedl ing density between F9 1 /92 and the other two 

treatments from 1 1 2 days of i ncubation onwards. 

Legume seedl ing accumulation was more evenly d istributed throughout the 

germination period for al l  treatments compared with the g rasses, although the 

curvature of F9 1 /92 response was greater than the other two treatments 

(F igure 5 . 1  a and b) .  With time, the cumulative legume seedl ing density of 

F91 /92 became progressively higher than that of F9019 1 and the grazed sward 

( P = 0.06 for the last count, Figure 5 . 1 b) .  The accumulation of weed seedl ing 
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Table 5.1 Viable seed population (seedl ings/m2) of 

g rasses, legumes, weeds and the total i n  

1 99 1 /92 fal lowed sward (F91 /92) ,  1 990/9 1 

fal lowed sward (F90/9 1 ) and the g razed sward 

(sampled on 26 May 1 992) . 

Treatment G rass Legume Weed Total 

F9 1 /92 2 1 500a 983 3850 26300a 

F90/91 6860b 535 1 600 9000b 

Grazed 4040b 336 221 0  6590b 

s.e.m. 1970* 89t 378t 2151 * 

* and t denote P < 0.05 and 0 . 1 ,  respectively; means with 

d ifferent superscripts are significantly d i fferent. 

1 00 
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density responded in a simi lar trend to grass species (Figure 5 . 1  c) . The 

treatment effects on cumulative weed seedling density were marginal (P < 0 . 1 )  

for the last counts. 

The relationship of cumulative seedl ing population and germination t ime for a l l  

species in a l l  treatments was wel l  described (r = 98 - 1 00%, P < 0.001 , n =8) 

by a mod ified negative exponential equation (Figure 5 . 1 )  as: 

x= a(1  - be'c, + dt ( 1 ) 
1'\ 

where :  y = cumulative viable seed popu lation, 

t = days of g lasshouse i ncubation ,  since samp l ing on 26 

May 1 992, 

a, b, C and d = coefficients. 

5.3.3 Experiment 2 

5.3.3. 1 Effects of fal lowing, fert i l izer and aspect. 

Compared with the grazed sward, there were substantia l  (P  < 0 .01 ) i ncreases 

in g rasses, weeds and the total viable seed populat ion, but not legumes (P > 

0 .05) , in the fallowed treatment (Table 5 .2) .  The application of ferti l izer 

significantly (P < 0 .05) reduced the viable seed population of g rasses, but did 

not significantly change that of legumes and weeds. There was significantly 

g reater viable seed population of legumes (P < 0.05) on the shady than on the 

sunny aspect, but the viable seed populations of g rasses and weeds were 

statistically not different between aspects. 

5.3.3.2 Effects of ful l  and partial fal low 

Early completion or late start to the fal low reduced the g rass and total viable 

seed population (P < 0 .05) , but not legume and weed viable seed population 

compared with fu l l  fal lowed swards with or  without added ferti l izer (Table 5 .3) . 
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Table 5.2 General effects of pastoral fal low, ferti l izer 

application and aspect on the viable seed 

population (seedJings/m2) of g rasses, legumes, 

weeds and the total sampled at the completion (31 

May 1 994) of an October 1 993 - May 1 994 fallow 

with seven months of germination. 

Treatment 

Fal low 

G razing 

LSDo.o5 

Significance 

Ferti l izer + 

Ferti l izer -

LSDo.05 

Significance 

Shady 

Sunny 

G rass 

6360 

2440 

13 14 

** 

3740 

5050 

1 0 1 0  

* 

4320 

451 0 

Legume 

323 

21 4 

284 

ns 

1 96 

341 

265 

ns 

371 

1 1 5 

Weed 

675 

425 

121 

** 

677 

423 

676 

ns 

636 

395 

Total 

7360 

3080 

1420 

** 

4620 

5820 

1300 

t 

5350 

5020 

LSDo.05 1514 247 853 2050 

Significance ns * ns ns 

*, ** and ns denote P < 0.05, P < 0.01 and not Significant, 

respectively. 

1 03 
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Table 5.3 Viable seed population (seedl ings/m2) of g rasses, legumes, 

weeds and the total under early fal low, late fal l ow and fu l l  

fal low with (Fallow + F) and without (Fal low - F) added 

ferti l izer at the end of each fal low during Experiment 2 

(October 1 993 - May 1 994) . 

Treatment Fallowing term Grass Legume Weed Total 

Fal low - F Oct .93 - May94 402 550 

Fal low + F Oct. 93 - May94 5640a 245 800 6690ab 

Early fallow Oct.93 - Dec.93 2220b 76 362 2650bC 

Late fal low Feb.94 - May94 2750b 402 520 3670c 

s.e.m. 619* 136 134 794* 

* denotes P < 0.05; means with different superscripts are significantly 

d ifferent. 
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The re was no significant ( P  > O.OS) d ifference in g rass, legume, weed and total 

viable seed population between partial fall ow and grazed treatments. 

5.3.3.3 Variation of viable seed population during pastoral fal lowi n g  

The viable seed population of  g rass species was dominant and far g reater than 

that of legumes and weeds in  the fal lowed swards after late December 1 993 

(F igure S.2a) . I t  increased sl ightly from October to December 1 993, and 

considerably from December 1 993 to March 1 994, then declined for the rest of 

the fall owing period. The re was very l ittle variation in the viable seed 

population of legumes during the fal lowing period. The increase in  the weed 

seed population was later than g rass, starting from February ,  rather than 

October. 

There was a much lower viable seed population of grasses in the grazed sward 

(F igure S .2b) than in the fal lowed sward , although the g rass viable seed 

population was sti l l  h igher than legume and weed. The grass viable seed 

populat ion seemed to increase l inearly with a low slope in the grazed sward , 

and the changes in  legume and weed viable seed population were minor .  

5.4 DISCUSSION 

5.4.1 Methodology for testing viable seed reserves i n  soil  

There are a variety of techniques for quantitatively describ ing natural reseeding 

in  a plant community depending on the requ i rements of the experimental study 

(Harper, 1 977) . Extremely laborious techn iques which provide accurate 

estimation of the number of seeds in a soil sample were proposed by Kropac 

( 1 966) and Major and Pyott ( 1 966) . These techn iques were considered 

impractical for large-scale stud ies, especial ly those involving small-seeded 

species (Thompson and Grime,  1 979) . The technique of Thompson and Grime 
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( 1 979) consists essential ly of the collection of surface soi l (30 mm in  depth) ,  

soi l  p reparation (air-dry and sieving) and seed germ ination in  a favou rably 

germ inable environment. Similar methods were adopted by Howe and 

Chancel lor ( 1 983) and Wedderburn et a l .  ( 1 993) . More recently, H ume and 

Barker ( 1 99 1 ) used fixed quadrats in  the field to est imate the seedl ing 

appearance and fate from natural reseeding fol lowing d ifferent summer grazing 

managements. This techn ique measures actual seedl ing appearance and the 

survival of these seedl ings as plants, but not potential viable  seed population.  

Moreover, it is d i fficult to estimate the change in natural reseeding capacity 

d uring  a pastoral fal low using this techn ique. 

The technique in  this study involved incubating  "undistu rbed" soil p lugs in  a 

g lasshouse and sequential ly removing seedl ings as they appeared.  This 

method measures the potential germinable seed population and may be a 

better representat ion of the natural reseeding capacity than the method of 

Thompson and Grime ( 1 979) ,  because it causes less soi l d isturbance and the 

viable seed population measured is not g reatly affected by samp l ing depth .  

The technique probably p rovides h igher estimates of viable  seed population 

than the f ixed quadrat techn ique (Hume and Barker, 1 99 1 ) s ince the 

g lasshouse conditions are opt imum for germination. I t  is practically impossible 

to g ive an accurate est imation of maximum viable seed population for al l  p lant 

species because some of them have high and long-term dormancy (Chapman 

and Anderson ,  1 987) . This was the case particularly for legumes which 

showed l inear seedl ing appearance with t ime (Figure 5 . 1  b ) .  

5.4.2 Germination rate curve and soil viable seed reserve 

The germination rate of pasture species can be estimated from the equation 

describ ing the relationship  between cumulative seedl ing populat ion and 

germ ination t ime. D ifferentiating equation ( 1 ) , 
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dy d(a - abe-ct + dt) = ------
dt dt 

= abce-ct + d (2) 

1 08 

shows the rate of germination is determined by the time of incubation ( t) and 

some coefficients (a, b, c and d) .  For a g iven species and treatment, the 

coeffic ients are constants and the germination rate varies only with the 

incubation t ime (Figure 5.3) . The germination rate is h ighest at the start of 

germ ination (maximum germ ination rate = abc + d), and decreases towards an 

asymptote, d, as the days of incubation increases. This pattern was most 

pronounced following a pastoral fal low, but also applied in the year  after a 

fal low and i n  g razed pasture (Figure 5. 1 ) . The pattern should favour the 

practice of using pastoral fallow to increase the persistence of pasture through 

natura l  reseeding,  because most seeds might germinate in  a relatively short 

time before new ti l lers produced from the resident p lants impose a strong 

competition on the seedl ings. On the other hand, where a pastoral fallow might 

be used to reduce plant density for introducing new pasture species, l imit ing 

natural reseeding to a minimum level is very important for a successful 

establ ishment of introduced species. 

In a pastoral system, seed input to the soi l  seed reserve is predominantly from 

the reproduction of the resident plants. Freshly-shed seeds during the 

reproductive season of pastures may remain close to the soi l surface and could 

germinate rapidly (rapidly germinable pool, RGP) if conditions for germination 

allow, and the seeds are not dormant. Altematively seed could be buried in  the 

soi l and germ inate slowly (base pool ,  BP) as the result of either enforced or 

innate dormancy (Howe and Chancel lor, 1 983) . The soi l  seed reserve is the 

total of these two pools which change in  size through seed gains and losses in 

each pool. F igure 5.3 i l lustrates the two pools based on the germinat ion curve, 

the shaded and dark areas being the size (viable seeds/m2) of RGP and BP, 

respectively. 
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The size of RGP and BP is largely inf luenced by the amount of seed produced 

by natural reseeding and the seed characteristics of various p lant species. 

Table 5.4 shows the total viable seed reserve and the two pools for d ifferent 

species and treatments. Compared with the grazed treatment, pastoral fal low 

increased not only the total viable seed reserve, but also the size of both RGP 

and BP for al l  species. The difference between the viable seed population of 

the fal lowed treatment and the grazed treatment (F-G, Table 5 .4) measures the 

seed contribution to the soil reserve produced by the fallow treatment. Of the 

grass seeds ( 1 7590 viable seeds/m2) produced by the fal low, 82% went into 

RGP and on ly 1 8% went into BP. Weeds had a similar trend to g rasses. Of the 

legume seeds (628 viable seeds/m2) purely produced by the fallow,  however, 

most seeds (65%) went into BP and only 35% went into RGP. This d ifference 

reflected the generally higher dormancy of legume seeds (Suckl ing and 

Charlton , 1 978; Langer, 1 990) . 

5.4.3 Effects of pastoral fal low 

The gains i n  seed number of a species resu lt largely from the amount of seed 

shed in the field ,  and losses are determined largely by death , predation and 

germ ination (Harper, 1 977; Howe and Chancel lor, 1 983) . McCal lum et al .  

( 1 991 ) showed that a spring - summer/autumn pastoral fallow (or deferred 

grazing) enhanced natural reseeding of perennial ryegrass, which doubled the 

ti l ler density of this species and increased pastu re growth by 1 5  - 1 9% in the 

season fol lowing pastoral fallow. I n  both experiments of this study, the total 

viable seed population of all species i n  the swards immediately after pastoral 

fallowing was 4.0 (P < 0.05) and 2 .4 (P < 0 .0 1 ) t imes that of the grazed swards, 

respectively (Table 5 . 1 and 5.2) . However, the total viable seed population in 

the sward fal lowed one year earl ier (F90/9 1 ) in Experiment 1 was not 

signif icantly (P > 0.05) h igher than that of the grazed sward (Table  5 . 1 ) , 

ind icating loss of a large amount of viable seeds, probably mostly through 

germination and seedling death , during the one-year period after the pastoral 
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Table 5.4 Total viable seed reserve (VSR, seeds/m2) 

calculated for 224 days of incubation and the size 

(seeds/m2) of the rapidly germinable pool (RGP) and 

the base pool (BP) for g rasses, legumes and weeds 

under fal lowed and grazed t reatments; F-G is the 

viable seed population (seeds/m2) of the fal lowed 

subtracting  that of the grazed and % VSRF_G is the 

percentage to VSR i n  row F-G. 

Species 

G rass 

Legume 

Weed 

Treatment 

Fallowed 

Grazed 

F-G 

% VSRF_G 
Fallowed 

Grazed 

F-G 

Fal lowed 

Grazed 

F-G 

% VSRF_G 

VSR 
22080 

4490 

1 7590 

1 00 

966 

338 

628 

1 00 

3860 

2 1 70 

1 690 

1 00 

RGP 

1 6020 

1 560 

1 4470 

82 

38 1 

1 60 

221 

35 

2540 

1 040 

1 490 

88 

BP 

6060 

2930 

3 1 20 

1 8  

585 

1 78 

407 

65 

1 320 

1 1 30 

1 98 

1 2  

1 1 1  
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fal lowing was completed.  The large difference in  viab le seed population 

between the newly-fal lowed sward in  Experiment 1 and 2 was p robably 

attr ibuted to: 1 )  d ifference in  seed production between years - m uch h igher 

rainfal l ( 1 68.9 mm/month) occurred during the flowering period of most p lant 

species in November 1 993, which might considerably reduce seed production 

for Experiment 2; 2) technical d ifference - Experimental 1 included any 

seed lings which had already been resident in  the soi l  p lugs for the first counting 

of seedl ings, whereas in Experiment 2 a l l  g reen vegetation and seedl ings were 

ki l l ed by herbicide prior to the germination test to al low easier d istinction of 

seedl ings from resident vegetation. 

Pastoral fal low appears to have considerably favou red the viable  seed 

popu lation of grasses in comparison with the grazed treatment (Table 5 . 1  and 

5.2 ) .  This is attributed to the h igh proportion of g rasses in the sward , where 

they were the dominant species. Many studies have emphasised the 

importance of natura l  reseeding on the persistence and productivity of grass 

species such as perennial ryegrass (L'Hui l l ier and Aislabie, 1 988; McCal lum et 

aI . , 1 99 1 ) ,  pra i rie g rass (Boom and Sheath, 1 990; Hume et a I . ,  1 990;  Jung et 

a I . ,  1 994) ,  and cocksfoot (Oacty/is g/omerata L. )  (Yang et aI . ,  1 988) , but l ittle  

emphasis has been put  on that of legume species (Lowther  et  a I . , 1 992). 

Chapman ( 1 987) showed that seedl ing regeneration of white clover played a 

minor rol e  in its persistence in a grazed h i l l  pastu re .  However, prevalence of 

annual legume species such as suckling clover ( T.  dubium Sibth . )  shows that 

reseeding processes do occur in h i l l  pasture (Chapman , 1 987) . The viable 

legume seed populations in  the newly-fal lowed swards in  both experiments 

(Table 5 . 1  and 5 .2) were ,  to some extent (P < 0. 1 or P >  0. 1 ) , h igher than in the 

grazed sward. Higher dormancy of some legume species such as white clover 

(Harrington ,  1 972) and lotus (Lotus pedunculatus Cav) (Lowther  et aI . ,  1 992) , 

and slower germination rate, may have affected the significance of natural 

reseeding of these species in a relatively short term (seven months in  th is 

study) . 
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5.4.4 Effects of fert i lizer and aspect 

1 1 3 

There is l ittle information on the influence of ferti l izer and aspect on natura l  

reseeding in moist h i l l  pasture .  The resu lts of th is study (Table 5.2) 

demonstrated that the appl ication of ferti l izer considerably reduced viable g rass 

seed population ,  but had no significant effect on  legumes or weeds. The reason 

for this was probably because the long-term ( 1 989 - 1 993) h istory of ferti l izer 

appl ication in the fertil ised plots may have restrained the g rowth of low-ferti l ity 

species such as browntop,  which generally p roduce smal l ,  but abundant seeds 

(Charlton ,  1 99 1 ) .  This was supported by the finding of Lambert et aI . , ( 1 986) 

that h igh fert i l ity h i l l  pastures had a greater content of perennial ryeg rass and a 

smaller content of low fertility g rasses such as browntop and sweet verna l .  

Hume and Barker ( 1 99 1 ) reported on natural reseeding of  five grass species i n  

summer dry h i l l  country and suggested that the  effects o f  ferti l izer were 

general ly minor for each species. 

Aspect only had an effect on the viable seed population of legumes, which was 

significantly h igher on the shady than on the sunny aspect. This was probably 

related to the population of white clover, a main legume species at the 

experimental site, which generally grew better on the moist ,  shady aspect than 

on the drier, sunny aspect (N ie et a I . ,  1 997) . 

5 .4.5 Pract ical impl icati ons 

Two of the objectives of pastoral fal low are :  1 )  to increase the natura l  reseeding 

abi l ity of  a sward by encouraging seed production during summer/autumn 

(L'Hui l l ier  and  Aislabie, 1 988; Boom and Sheath , 1 990; Hume et al . ,  1 990; 

McCal lum et aI . ,  1 99 1 ) ;  and 2) to reduce p lant population density through inter

piant competit ion and self-thinn ing for oversowing new plant germplasm (N ie et 

a I . ,  1 997) . The first objective requ i res maximal natural reseeding ,  but the 

second objective requ ires minimal natura l  reseeding in o rder  that the 
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competition with seedlings from natural reseeding on introduced species is 

min imised (N ie et aI . ,  1 997) . 

The viable seed population of  g rasses reached a peak in March (F igure 5 .2a) . 

This was because the maturity of seeds for most species occurred after 

December,  and seeds shed from the matured plants accumulated beneath the 

pasture from late December to March .  Seed loss from germination during 

January - March  should be  low because of the low rainfal l  (mean 57.5 

mm/month) in th is period. The viable seed population of grasses declined 

sharp ly from March to late May, reflecting h igh loss of seeds by germination 

during this period.  The viable seed population of legumes and weeds was very 

low, in  comparison to the viable g rass seed population (Figure 5 .2a) . 

Therefore, the best completion time of a pastoral fal low should be in March to 

achieve a maximum reseeding abi l ity for Objective 1 ,  if rainfal l before the 

completion date is not h igh .  

For Objective 2 ,  a detailed discussion on partial pastoral fal low has been g iven 

by N ie  et al. ( 1 997) . Part ial pastoral fallows involve either completing a pastoral 

fal low earl ier (early fal low) , for example in late December, or start ing a pastoral 

fallow later ( late fal low) , for example in January or February. The early and late 

fal low treatments in Experiment 2 reduced the total viable seed population of al l  

p lant species by 64% and 50%, compared with the mean (7360 seedl ings/m2) 

of fu l l  fallow treatments (Table 5 .3) , but the partial fal low treatments were 

simi lar in  total viable seed population (2650 and 3670 seedl ings/m2 

respectively) compared with the grazed sward (3080 seedl ings/m2) .  The refore 

partial pastoral fal low was an effective method of minim ising natural reseeding. 
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One of the objectives of a pastoral fal low is to reduce plant/t i l ler density for the 

introduction of improved germplasm. Short-du ration pastoral fal low may 

ach ieve this objective, and be better su ited with h i l l  country pasture 

management than a long-du ration fall ow. A field study was conducted to 

examine the effects of the t iming and duration of pastoral fallowing and n it rogen 

ferti l iser addit ion on p lant population density, natural reseeding and white clover 

( Trifolium repens L . )  g rowth behaviour in a h i l l  pasture . Pastoral fallows 

starting from December, January and February and terminat ing in June 

significantly (P  < 0 .01 ) reduced the t i l ler density of g rasses, the dominant 

species in the sward. At the conclusion of these fal lows, the plant population 

(grass + legume + weed) density was only 29 to 49% of the grazed control . 

Fal lows from December and January to June significantly (P  < 0.01  and 0 .05) 

i ncreased the i nternode length of white clover. Only the December fallow 

significantly (P  < 0.05) increased the viable seed population of g rasses, whi le 

for other treatments and other  species in the December fallow, there was no 

significant d ifference between the fallowed and grazed swards. The addit ion of 

fert i l iser n itrogen significantly (P < 0 .05) enhanced the decline in t i l ler  density 

for the March to June fallow from the time of application .  I t  d id  not impact 

negatively on the legume component of the sward and in fact improved the 

specific stolon weight of white clover and reduced the viab le seed population of 

weeds and rushes (P < 0.05) . It is concluded that pastoral fal lows starting from 

December, January and February or M arch with n itrogen addition and ending in  

June considerably reduced plant population density for oversowing new p lant 

species. However, attention to natura l  reseeding from grass species should be 

g iven when the December to June fal low is used. The increased d ispersion of 

white clover stolons by i nternode elongation in the fal lowed swards, especially 

in  the December and January to June fal lows, may improve the distribution and 

content of white clover. 



Chapter 6 Influence of the timing and duration ... 1 21 

Key words: n itrogen,  pastoral fal low, plant density, viable seed popu lation, 

red :far red ratio, sward structure ,  stolon . 

6.1 I NTRODUCTION 

A pastoral fal low, which involves not defol iating pasture for a period general ly 

from spring to autumn,  is a technique to raise soil fertil ity (Mackay et aI . ,  1 99 1 ) 

and to reduce p lant/ti l le r  population density (N ie et aI . , 1 997a) in  p reparation for 

introducing new germplasm. Previous stud ies (N ie et a I . ,  1 997a; Chapter 3) 

showed that at the end of a spring to autumn (October 1 993 - May 1 994) 

pastoral fal low, the reduced plant/ti l ler density provided a potential ly favou rable 

environment for resowing new p lant species or cultivars. However, autumn  

competition between self-sown grasses that seeded during the earl ier  pastoral 

fal lowing period (natural reseeding) and the sown germplasm can be intense. 

N ie  et a l .  (unpubl ished data) found that seed production from the resident g rass 

population could be as h igh as 26300 seeds/m2 . Whi le perennial ryegrass 

( Lotium perenne L. )  or cocksfoot (Dactylis glomerata L. )  wou ld  usual ly be 

app l ied in  an oversowing programme,  the seeding rate of 400 - 1 000 seeds/m2 

for either species would only be a fraction of that from natural reseeding in a h i l l  

pasture .  Shi fting the t iming and duration of  a pastoral fal low to avoid natural 

seed production might overcome the problem of compet it ion on sown species 

whi le retain ing the benefits to sown species from reduced resident p lant/ti l ler 

populations . 

Self-th inn ing is a plant b iomass accumulation-driven process causing p lant or  

t i l ler mortal ity th rough competition (Y oda et aI . ,  1 963; Westoby, 1 984) . 

Herbage accumulation rates in the post-flowering period, particu larly i n  autumn 

or winter are much slower than those in  the spring or  early summer. This is 

l ikely to reduce the effectiveness of self-thinning as a tool for reducing p lant 

density. The addition of n itrogen (N) can considerably increase plant g rowth 

rate, especia l ly in g rass species. Zhou et al .  ( 1 993) found that N fert i l iser 

i ncreased herbage mass of a North Island h i l l  pasture by up to 41 kg dry 
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matter/kg N appl ied. Tactical use of N may therefore offer a tool for increasing 

herbage accumulation in  a fal low commenced in either summer or autumn.  

Addition of N fert i l iser, however, has been shown to have a large negative 

effect on legume growth and N-fixation in a pasture under continuous grazing 

(Ball and Crush, 1 985) . N ie et al .  ( 1 996) found that the d ispersion of white 

clover ( Trifolium repens L. )  stolons in a sward through internode e longation 

during a fal low, and subsequent in itiation of b ranching of the stolons fol lowing 

the conclusion of the fal low, resulted in an increase in white clover content in 

the four  years post-fal l owing . Whether the clover response would be i nf luenced 

by the addition of N is uncertain .  

A previous study showed that release o f  white clover from intense defol iation 

increased its internode elongation whi le decreasing branching (N ie et aI . ,  

1 996) . As pasture mass accumulates, i nsolation of stolons i s  increasingly from 

l ight transmission through leaves.  The l ight has a low red: far  red (R :FR) ratio 

which has been shown to increase stem extension rate (Lecharny and Jacques, 

1 979; Morgan et aI . ,  1 980) . 

The objective of this study was to examine the effects of the t iming and duration 

of pastoral fal low and n itrogen ferti l iser addition in the shorter fal lowed 

t reatments, emphasising effects on wh ite c lover growth behaviou r  during 

fal lowing and its response to l ight qual ity. 

6.2 MATERIALS AND METHODS 

6.2.1 S ite 

The experiment was conducted at the AgResearch H i l l  Country Research 

Station , Bal lantrae (400 1 9 ' S, 1 750 50' E), 20 km east of Palmerston North, on 

an area with a south face of relatively uniform and moderate slope. The soi l 

was a yel low-grey earth/yel low-brown earth intergrade (Typic Dystrochrept) of 
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sedimentary origin .  Litt le fert i liser had been applied to the area and the soi l  

fert i l ity was low with pH 5.4 and O lsen P 1 0  I1g P g-1 d ry soi l .  The pasture 

consisted of p redominantly low fertil ity�tolerant g rasses such as browntop 

(Agrostis capillaris L.) and sweet vernal (Anthoxanthum odoratum L . )  with 

smal ler  quantities of perennial ryegrass, cocksfoot, white clover and suckl ing 

clover ( T.  dubium Sibth . ) .  The weed species were mainly flatweeds such as 

catsear (Hypochoeris radicata L) and hawkbit (Leontodon taraxacoides [Vii i . ]  

Merat) (Lambert et a I . ,  1 986) . 

Treatments 

The experiment was a randomised complete b lock (ReB) design with eight 

treatments rep licated in fou r  b locks . The in itiation and completion d ate of each 

fall ow t reatment was: 

( 1 )  Dec. fallow, 5 December 1 994 - 20 June 1 995; 

(2) Jan . fal low, 1 7  January 1 994 - 20 June 1 995; 

(3) Feb. fal low, 1 6  February 1 994 - 20 June 1 995; 

(4) Mar. fal low, 1 6  March 1 994 - 20 J une 1 995; 

(5) Mar.-Sep. fallow, 1 6  March 1 994 - 28 September 1 995; 

(6) G razed contro l ,  non-fa l lowed;  

(7) as for (3) + N ;  

(8) as for (4) + N .  

N was appl ied at 5 0  kg N/ha twice at a two-week interval from the beginning of 

each fal low. The p lot size varied, with the earl ier fal lowed treatments (Dec. and 

Jan. fal /ow) being larger than the rest of the treatments (2*2 m vs 2*1 m). The 

trial s ite was grazed by sheep from 2 - 5 December 1 994, and the Dec. fal low 

was fenced immediately after g razing. Plots were fenced at the start of the 

appropriate fal lowing treatment. The grazed control and the fal lowing 

treatments in the non-fal /owed periods were rotationally g razed by sheep. 
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Plant population density was measured at the start, six weeks after the start 

and the end of each fal low treatment, in ten 50 mm-diameter turf plugs from 

each p lot .  The grazed control was sampled whenever a fallow treatment was 

measured. The number (No. )  of g rass t i l lers, white clover g rowing points, other  

legumes and weeds were counted to  estimate plant population density (No./m2) .  

Plugs were then d issected to obtain al l  surface and buried stolons o f  white 

clover. The stolons were washed, dried with absorbent paper, and t rimmed of 

leaves to determine total stolon length (m/m:?) and average internode length 

(mm), then dried in an oven at 65 °C for at least 48 hours to measure total 

stolon d ry weight (g/m2) and calculate specific stolon weight (g/m) .  

Pastu re biomass was measured monthly, by cutt ing a 0 . 1  m2 q uadrat to 1 0  mm 

above g round.  Subsamples were d issected into vegetative and reproductive 

t i l lers of g rasses, white clover, other legumes, weeds and dead matter to 

calculate botanical composit ion in terms of biomass of each component .  

Reproductive t i l lers were distinguished from vegetative t i l lers by observing the 

node d evelopment of the stem.  

Photosynthetical ly active radiation (PAR) and l ight quality (R :FR ratio) were 

measured using a Skye l ight meter (SKR 1 1 6 & SKP 2 1 55) between 1 1  :00 am 

and 3 :00 pm during a day. On 1 7  May 1 995, five readings of the red (R,  660 

nm) to far-red (FR, 730 nm) ratio were recorded at 1 0  mm above g round level 

and on the surface of the sward canopy of each p lot, respectively, on a f ine 

day. PAR was monitored 50 mm above the sward canopy simultaneously when 

both layers of R :FR ratio were measured . Al l measurements were made with 

the sensor surface paral lel to the slope. The l ight measurements were 

repeated on 1 8  May 1 995 during similar weather. On 1 5  June 1 995, l ight 

quality was measured again by taking ten measures in each p lot during cloudy 

weather. 
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On 5 December 1 994 (the start of fal low treatment 1 ) , 1 6  March 1 995 (the start 

of fal low treatment 4) and 20 June 1 995 (the end of fal lowing) ,  ten 50 m m  

d iameter p lugs were collected from each plot to determine the per-un it-area 

seedl ing establishment from natural reseeding. The p lugs were sprayed with 

g lyphosate to el iminate the resident vegetation, then put in a g lasshouse at 20 

DC. About one week after the spray, p lugs were t rimmed to the soi l  surface ,  

and seed lings o f  g rass, legume, weed and rush were counted and removed at 

one- or two-month i ntervals depending on seedl ing density for  seven months. 

6.2.4 Statistical analysis 

Data were analysed by Analysis of Variance using the General Linear Model 

p rocedure of the Statistical Analysis System (SAS Institute, 1 990) . A RCB 

model was used to analyse treatments 1 - 6 .  A 2*2 factorial model was used to 

analyse treatments 3, 4, 7 and 8 for a N effect. Comparisons of means were 

made using Duncan's New Mu ltip le-Range Test (Steel and Torrie ,  1 98 1 ) .  The 

PAR and R:FR ratio  were averaged over the three measurements since there 

was no significant d i fference between sampling times. 

6.3 RESULTS 

6.3.1 Rainfal l  and temperature 

M ean monthly rainfa l l  during December 1 994 - January 1 995 was 45 .4 mm ,  

48% o f  the 24-year average;  during February - June 1 995 was 1 1 7 .0 mm,  2 1  % 

higher than the 25-year average; and during July - September was 1 37 .4 mm,  

27% higher than the  25-year average . Mean air temperature ( 1 2 .7 DC) during 

December 1 994 - September 1 995 with no distinctly warmer o r  colder  month 

was simi lar to the 23-year average ( 1 2 .4 °C) . 
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There was seasonal  variation in t i l ler density in the grazed sward , with l ittle 

change from December 1 994 to February 1 995, and an increase through to 

September ( Figure 6 . 1 a) . There was no significant d ifference between the 

in itial t i l ler densities of the grazed swards at the commencement of the four 

fal lowing treatments (Dec. to Mar.) . S ix weeks after each fallowing ,  the Dec. 

and Jan . fal low had significantly lower grass t i l ler density, and the Mar. fal low 

had significantly h igher ti l ler density, compared with the initial mean ti l ler 

density (24490 t i l lers/m2) .  The Feb. fal low was not significantly different from 

the mean . The final t i l ler densities on 20 June 1 994 for the Dec. , Jan.  and Feb. 

fal lows were all significantly (P < 0 .0 1 ) lower than that of the grazed control . 

On this date the Mar. fal low was not significantly (P > 0.05) different from the 

grazed control (Figure 6. 1 a) . 

There was no significant (P > 0.05) d ifference between treatments both for the 

in itial white clover g rowing  point density of each fal lowing treatment, and for the 

growing pOint density at six weeks after fal lowing , although there was a fast 

decl ine in  clover g rowing point density from December 1 994 to February 1 995, 

then an increase from February to March 1 995 for the in itial clover growing 

point density (Figure 6.1 b) .  At the conclusion of fal lowin g  on 20 June 1 996, 

however, a significant difference (P < 0 .05) was detected between t reatments. 

Dec. fal low had a significantly lower white clover growing  point density than the 

grazed contro l ,  whi le other  fal lowing treatments were not significantly d ifferent 

from the control , a lthough the effect of Jan. fal l ow was significant at P = 0. 1 

leve l .  

The weed density was not significantly different (P > 0.05) between treatments 

for the in itial measurements, six weeks after fal lowing or the final measurement 

on 20 J une 1 995 (Figure 6. 1 c) .  The p lant density of other legumes which 

accounted for Jess than 1 % of the total plant population density was never 

significantly different between treatments. 
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The Mar.-Sep. fal low significantly (P  < 0.05) decreased grass t i l ler density and 

weed density compared with the grazed control on 29 September 1 994 (Figure 

6. 1 a & c) , but the t i l ler density of this treatment was sti l l  h igher than the average 

of the earl ier i nitial ised (December - February) fal lowing treatments (26200 vs 

1 4600 t i l lers/m2) . 

6.3.3 N itrogen effects 

The addition of n itrogen had little impact on t i l ler density in the Feb. fal low, but 

g reatly reduced t i l ler density in the Mar. fal low during the f irst s ix weeks of 

fal lowing (Table 6 . 1 ) . This resu lted in a significant inte raction ( P  < 0 .01 ) 

between N addition and fal low dates. The interaction did not remain up to the 

conclusion of fal lowing in June,  although the t i l ler density ( 1 7470 ti l le rs/m2) of 

Mar. fal low with N added was only 59% of that (29630 ti l lers/m2) without N .  N 

appl ication had no significant effects on the plant population density of white 

clover g rowing points, other legumes and weeds (P > 0.05) both in the f irst s ix 

weeks and at the end of fal lowing. 

The re was a sign ificant (P  < 0.05) increase in specific stolon weight of wh ite 

clover by N appl ication (Table 6 . 1 ) , but there were no significant (P > 0 .05) 

effects of N on stolon density ( 1 4 .2 vs 1 1 .3 m/m2) and internode length (3 .5 vs 

2 .8  mm) .  The N appl icat ion reduced the viab le seed populat ion of weeds and 

rush (P  < 0 .05) , but had no significant influence on that of g rasses and 

legumes. 

The appl ication of n itrogen i n  February and March increased the b iomass 

accumulation by 27% and 44%,  respectively, compared with the treatments 

without N addit ion,  but did not change the botanical composition (F igure 6.2) .  
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Table 6.1 The interaction of N addition and late-commenced (February 

and March) fal lows on g rass ti l ler density (TO) at six weeks 

after pastoral fallowing was imposed,  and the effects of N on 

the specific stolon weight (SSW) of white clover and viable 

seed population (VSP) of weeds and rush. 

I nteraction TO Treatment SSW VSP (seeds/m2) 

(Til lers/m2) (g/m2) Weed Rush 

Feb. fal low/N 25890 N +  0.42 885 446 

Feb. fal low/N 23500 N - 0 .36 1 1 33 732 

Mar. fal low/N 1 8300 s .e .  0.027* 228* 277* 

Mar. fal low/N 32430 

s.e .  1 540" 

* and ** represent P<0.05 and P<0.01 , respectively. 

1 29 
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6.3.4 Sward structure 
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The swards of al l  treatments were dominated by grasses, with legumes and 

weeds on ly contri buting a small proportion of above ground biomass (Figure 

6.2) .  The total above-ground biomass accumulation was h ighly dependent on 

the t im ing and duration of fal lowing.  I n  general the earl ier-commenced and 

longer-fal lowed treatments produced more above-ground biomass than the 

later-commenced and shorter-fal lowed treatments (Figure 6.2). However, the 

Mar.-Sep. fal low did not g reatly increase biomass accumulation although it had 

the longest duration of fal lowing.  

There was a h igh p roportion (34%) of reproductive t i l lers i n  Dec. fal low, with 

fewer in the Jan . fal low (25%) and few reproductive t i l lers on other  treatments. 

6.3.5 The stolon characteristics of white clover 

The seasonal variation of white clover stolon density i n  the grazed sward 

(Figure 6 .3a) was simi lar to that of white clover g rowing point density (Figure 

6 . 1 b) . There were sign ificant (P < 0.05) d ifferences in in itial white clover stolon 

density between Dec. to Mar. fal lows (Figure 6 .3a) . This was attributed to a 

fast decl ine in the stolon density from December 1 994 to mid-February 1 996 

under g razing ,  wh ich resu lted in the significant (P < 0 .05) d ifference between 

Dec. fallow and those commencing  at later dates. There were no  significant 

differences in stolon density between t reatments at e ither six weeks or the end 

of fal lowing .  

I n  contrast to  stolon density, the i n itial i nternode lengths (2.5 to 3 .0 mm) of  

white clover changed very l ittle for a l l  fal lowing treatments (Figure 6 .3b) . The 

internode lengths i ncreased after six weeks of fallowing  at al l  fou r  starting 

dates,  with the increase i n  the Dec. fal low (4.5  mm) significantly ( P  < 0.05) 

greater than the later fal lows (mean = 2.9 mm). At the conclusion of fal lowing,  

the i nternode lengths of a l l  fal lowing  treatments (2 .6 - 4 .5 mm) were greater 
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Plate 6.1 

Influence of the timing and duration. . .  

A close view of white clover stolon elongation in  
fal lowed sward . 
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than that (2.3 mm) of the grazed control (Plate 6. 1 ) . The internode length (4.5 

mm) of Dec. fallow was significantly higher than that (3.3 mm) of Jan. fallow (P 

< 0 .05) , both of which were significantly h igher than the grazed control (P < 

0.01 and P < 0.05, respectively) . 

There were no significant d ifferences (P  > 0.05) between treatments in the total 

stolon weight and specific stolon weight at the end of fal lowing . 

6.3.6 Viable seed population 

Fal lowing had only a significant (P < 0.05) effect on the viable seed population 

of the grass component of the sward (Table 6.2) . This significance resulted 

primarily from the substantially h igher viable seed population in Dec. fallow 

compared with the Mar. fallow and the grazed control .  The viable seed 

population of legumes, weeds, rush and the total of all species was not 

influenced by the four  fal lowing treatments either at six weeks or the end of 

fal lowing (Table 6.2) . 

6.3.7 Light qual ity 

The PAR did not differ significantly between treatments when l ight 

measurements were made either at the surface or at 1 0  mm above ground 

(Table 6.3) . R:FR ratio (0.9 and 0.93) at the base of the sward canopy ( 1 0 mm 

above ground) of Dec. and Feb. fallows, respectively, were significantly (P < 

0.05) lower than the grazed control , while that of Jan. and Mar. fallows were not 

significantly d ifferent from the grazed control .  There was no significant 

difference in R:FR ratio between treatments on the surface of the sward 

canopy. 
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Table 6.2 Viable seed population (seeds/m2) of grasses, legumes, 

weeds, rush and the total at the conclusion of fal lowing 

on 30 June 1 995. 

Treatment Grass Legume Weed Rush Total 

Dec. fal low 1 1 21 8 51  777 535 2483 

Jan. fallow 700ab 5 1  955 662 2368 

Feb. Fallow 7898b 1 3  930 662 2394 

Mar. fallow 446b 1 3  1 337 802 2597 

grazing 522b 0 955 535 201 2  

s.e. 1 52 . 1  1 6.9 1 27.9 1 89.7 273.8 

* represents P<0.05; means with different superscripts are 

significantly d ifferent. 
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Table 6.3 Red:far-red (R:FR) ratio at the canopy surface and 1 0  

mm above ground-level and mean photosynthetically 

active radiation (PAR) monitored while surface and 1 0  

mm above ground-level R:FR ratio were measured at 

the late stage (May - June 1 995) of pastoral fal lowing . 

Treatment R:FR ratio Mean PAR 

Surface 1 0 mm (�mol/m2/s) 

Dec. fallow 1 .00 0.90a 261 .6 

Jan. fallow 1 . 1 3  1 .25abc 262.3 

Feb. Fallow 1 .28 0.93ab '271 .5 

Mar. fallow 1 .30 1 .28bc 288 . 1  

grazing 1 .40 1 .50c 257.4 

s.e. 0. 1 1  0. 1 1 * 1 3.9 

* represents P<0.05; means with d ifferent superscripts are 

significantly different. 
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6.4 DISCUSSION 

Influence of the timing and duration ... 

6.4.1 Plant population density, sward structure and self-thinning 

6.4.1 .1 Pattern of change in plant population density 

1 37 

Pastoral fallow can be used as a tool to reduce plant/ti l ler density and open the 

sward prior to oversowing with more desired and improved species. The three 

earl ier  (December, January and February) fallowing treatments significantly (P 

< 0.01 ) reduced the ti l ler density of grasses by  71 , 52  and 54%, respectively, i n  

comparison with the grazed control (Figure 6 . 1  a) . A spring - autumn (seven 

months) pastoral fal low reduced plant population density of grasses, white 

clover and weeds in a densely vegetated hi l l  pasture by 72 - 87% (Nie et aI . ,  

1 997a) . 

The Mar. fallow was not as effective as the early pastoral fallows in reducing 

plant density, indicating that a pastoral fallow either starting too late or being 

too short in duration and not al lowing sufficient pasture growth,  is not effective 

in achieving the goal of decreasing plant density (Figure 6 .4a) . However 

adding nitrogen produced enough growth to significantly reduce ti l ler/plant 

population . Extending the Mar. fal low through to September did significantly 

decrease grass ti l ler density compared with the grazed control at the end of 

fallowing (28 September 1 994, Figure 6 . 1  a) , but this was due to a faster 

increase in tiller density of the grazed sward, rather than a faster decl ine of ti l ler 

density in the fal lowing treatment. The final t i l ler density (26 1 80 ti l lers/m2) of 

the Mar.-Sep. fallow treatment was substantially h igher than that (mean = 

1 4580 ti l lers/m2) of the December - February fallow treatments. An autumn -

winter fallow did not reduce ti l ler density as effectively as the summer - autumn 

fallow, due to insufficient pasture growth even i f  the duration of fal lowing was 

prolonged up to seven months, and to the pattern of ti l ler accumulation during 

autumn - winter period (Fig 4a & 1 a) . 
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each fal low; (b) Red:far red ratio and white 

clover internode length for both fallowed and 

grazed treatments. 

1 38 



Chapter 6 Influence of timing and duration . . .  1 39 

The patterns of change in til ler density during fallowing varied among 

treatments (Fig 6 . 1  a) . In  comparison with the grazed swards, all fallowed 

treatments showed at least some reduction in til ler density. The Dec. fallow 

had an immediate impact on tiller density, with a rapid decline in the first six 

weeks of fallowing, followed by a decline slowing for the rest of the fallowing 

period. This pattern of decline is similar to a spring - autumn fallow from a 

previous study (N ie et aI. ,  1 997a). However, the ti l ler densities of Feb. and 

Mar. fallow increased in the first six weeks, then declined. This was probably 

due to the d ifference of pasture growth rate between summer and early

autumn. G il l ingham and During (1 973) found a peak growth rate in late 

spring/early summer which then declined through to winter in a h il l  pasture. 

That is the lower growth rate in February and March, resulting in a slower 

above-ground biomass accumulation, had probably allowed some new tillers to 

be produced in the Feb. and Mar. fallow swards before the total above-ground 

biomass approached the self-thinning line (Westoby, 1 984) .  The tiller density 

change in the Jan. fallow, where til ler populations quickly dropped in the first six 

weeks, then slowly increased for the rest of the fallowing period, was probably 

attributed to low rainfall (45.4 mmlmonth) during December 1 994 - January 

1 995. The fast decline in til ler density of this treatment in the first s ix weeks 

was largely due to loss of til lers subjected to the moisture stress in mid

January. This can be seen in the dead matter : live biomass ratio (Figure 6.2) 

which was 51 : 49% for Jan. fallow at six weeks of fallowing, while the other 

three fal lowing treatments had much lower dead matter proportions (mean 24 : 

76%).  The relatively low above ground l ive biomass and low ti l ler density of 

Jan . fallow at six weeks of fallowing resulted in some til ler recruitment rather 

than self-thinning in the following fallowed period (Figure 6 . 1  a) . 

There was a general decline in white clover growing point density from summer 

through to winter in the grazed sward (Figure 6. 1 b) .  The steep decline of 

clover growing point density in the grazed sward from December 1 994 to 

February 1 995 was possibly due to the low rainfall of December 1 994 - January 
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1 995 period. The Dec. and Feb. fallow significantly (P < 0.05) decreased 

clover growing point density compared with the grazed control at the end of 

fallowing (20 June 1 995) , which was a similar pattern to a spring - autumn 

fallow (N ie et aL, 1 997a). The other fal lowing treatments did not have a 

significant effect in reducing clover growing point density. Compared with the 

grazed control ,  the Mar.-Sep. fallow even increased the white clover growing 

point density and the weed density during the winter period. Al l June

completed fal lows had no significant influence on the densities of both weeds 

(Figure 6 . 1  c) and other legumes, which were less than 4% of the total plant 

population density. These results suggested that later (autumn) fallows do not 

significantly reduce the densities of clover and weeds, and fal lowing during 

winter even increased clover and weed density. 

6.4.1 .2 Self-thinning during pastoral fal lowing 

The self-thinning relationship (Yoda et aL , 1 963; Westoby, 1 984) predicts that 

biomass accumulation by plant growth causes thinning in a plant community 

along a self-thinning trajectory with a slope of - 1 /2 (or -3/2 if individual plant size 

rather than total plant biomass per unit area is used) . The relationship between 

plant size and plant population density fol lowed the self-thinning rule in a spring 

- autumn (seven month) fallow (N ie et aL , 1 997a) . When final plant density was 

plotted against plant size for all fal lowing treatments of this experiment, the 

relationship also fitted wel l  along a self-thinning trajectory with a slope of -3/2 

(Figure 6.4a) . The sequence of total above-ground biomass at the end of each 

fallow in this experiment was Dec. fallow > Jan. fallow > Feb. fallow > Mar. 

fallow, which stressed the importance of biomass accumulation for self

thinning. The reverse order of final ti l ler density for each treatment reflected 

that earl ier and longer fal lows allowed more biomass accumulation and 

reduced tiller density more substantially. However, the Mar.-Sep. fal low, 

although fallowed about three months longer than the Mar. fallow, had similar 
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total biomass to the latter treatment at the end of fallowing, which explained the 

poor fallowing result of plant density decl ine of this treatment (Figure 6 .4a) . 

6.4.2 Stolon growth behaviour and light quality 

The survival of a vigorous stolon network, which supports the growth of new 

growing points, leaves and stolons, ensures the persistence of white clover in 

g razed swards (Marriott and Smith, 1 992) . There is a general acceptance that 

closer defol iation increases white clover stolon density (clover stolon m/m2) and 

reduces the internode length (Thomas, 1 972; Frame and Boyd, 1 987; Wilman 

and Acuna P. ,  1 993) . When a grass-clover sward is released from close 

defoliation, white clover changes its growth behaviour  so that the internode 

elongation is stimulated while stolon branching is restrained . However, the 

increase in main stolon growth by internode elongation cannot compensate for 

the loss of secondary stolons, resulting in lower total stolon density (N ie et aI . ,  

1 996) . Alternating clover stolon growth behaviour and increasing stolon 

d ispersion through pasture management such as fallowing or rotational grazing 

with a long recovery interval resulted in improved production and content of 

white clover in grass - white clover swards (Sheldrick et a I . ,  1 993; N ie et aI . ,  

1 996 and 1 997b) . In  this experiment, there was a trend for stolon density to 

decl ine in al l  fallowed treatments, but these treatments did not differ 

significantly from the grazed control at the end of fal lowing (Figure 6.3a) . There 

seemed to be a seasonal pattern in the grazed sward that the clover stolon 

density declined from early December through to late September, and this 

decl ine was fastest during December 1 994 to February 1 995 when the summer 

drought occurred. Thus,  the non-significance of stolon density between 

fallowed treatments and the grazed sward might have been due to the 

confounding effects of: 1 )  fallowing and seasonal variation of stolon growth ; 2) 

fallowing and the summer drought. Brock and Kim ( 1 994) showed that shading 

from accompanying grasses could improve the survival of white clover stolons 

during a drought.  The shading effect of accompanying grasses was clearly 

shown in the two early-commenced treatments which declined in stolon density 
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at slower rates than the grazed sward during the December 1 994- January 

1 995 drought period (Figure 6.3a) . 

Although all fallowing treatments increased the internode length of white clover, 

the fallowing durations and timing had a clear influence on the extent of 

internode elongation (Figure 6.3b) . In general, the earlier and longer the 

fallowing treatment, the greater internode elongation that resulted. The effect 

of Dec. fallow on internode elongation was the greatest, substantially higher 

than the later-commenced treatments, arnong which the internode length varied 

in the order of Jan. fallow > Feb. fallow > Mar. fallow. However, the internode 

length was not further increased during the late autumn - winter period in the 

Mar. and Mar.-Sep. fallow due to lack of sufficient above ground biomass 

accumulation. 

The response of white clover growth behaviour to fallowing was probably 

attributed to the change of sward structure during fallowing, which further 

altered light quality (R:FR ratio) at the base of the sward (Table 6.3) . Many 

studies indicated that the morphological changes of plants induced by the 

presence of taller neighbours were triggered by alterations in R:FR ratio 

(Siegelman and Hendricks, 1 964; Kasperbauer, 1 971 ; Smith , 1 982) .  Lower 

R:FR ratio increased the stem extension rate and the elongation of other above 

ground organs of plants such as petioles and leaves (Lechamy and Jacques, 

1 979; Morgan et aI . ,  1 980; Robin et aI . ,  1 992 & 1 994), and reduced branching 

of clover and ti l lering of grass (Solangaarachchi and Harper, 1 987; Oeregibus 

et aI . ,  1 983). At a condition of similar PAR (P > 0.3) between treatments when 

l ight quality was measured both on the surface of the sward canopy and at 1 0  

mm above ground, R:FR ratio was not significantly d ifferent between treatments 

on the surface of the canopy, but significantly different (P < 0.05) at 1 0  mm 

above ground (Table 6.3). R:FR ratio at 1 0  mm was negatively (P < 0.05) 

correlated to the internode length of white clover (r = 0.77, Figure 6.4b) . This 

indicated that the change of white clover growth behaviour during fallowing was 

related in part to alterations in R:FR ratio at the base of the sward. 
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6.4.3 Practical implications 

1 43 

A detai led discussion on duration of a pastoral fallow was given by Mackay et 

al. ( 1 991 ) who suggested that a shorter duration, rather than spring - autumn 

pastoral fallow (either starting later or finishing earl ier) may fit in more closely 

with the forage supply pattern and with grazing management practices of a hi l l  

pasture. One option g iven by N ie et al. ( 1 997a) for oversowing was to 

terminate a spring fallow in early summer (late December) rather than May. 

Although the plant density is substantially decreased with a October -

December fal low (Nie et aI . ,  1 997a) , there are difficulties in successfully 

oversowing species at this time due to the risk of low summer rainfall (or 

drought) which reduces the survival rate of oversown species fol lowing the 

conclusion of fallowing. A fallow initiated in December-February in this 

experiment reduced plant population (grass + legume + weed) density by 

51 -71 %, and may provide a favourable environment without moisture stress for 

oversowing in late autumn. 

The self-thinning relationship impl ies that the rate of biomass accumulation 

determ ines the rate of self-thinning, and factors promoting plant growth 

enhance self-thinning. This is supported by the evidence that the N addition, 

which stimulates plant growth, significantly decreased grass ti l ler density of 

Mar. fallow + N compared with the non-fertilised treatment (Mar. fallow) at six 

weeks after fallowing was imposed and N appl ied (Table 6. 1 ) . However, this 

significance did not last to the end of fallowing, reflecting the short-term effects 

of N fertil iser. N addition in Feb. fallow + N had no effect on plant population 

density probably due to the summer drought when N was being applied. This 

demonstrated that use of N to enhance self-thinning during pastoral fal low 

should allow a longer period of growth promotion and avoid moisture deficit. N 

addition also improved the specific stolon weight of white clover and reduced 

the viable seed population of weeds and rush (Table 6. 1 ) , which may benefit 
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both post-fallowing white clover growth and the oversown new species subject 

to less competition from the natural reseeding of weeds and rush. 

A spring - autumn fal low allowed reproductive growth of all species, resulting in 

considerable natural reseeding, especially for grass species (Nie et aI . ,  

unpubl ished data) . This may impose strong competition with the oversown 

pasture germplasm. One goal of a late fallow is to control the reproductive 

development of the pasture by grazing, especially in the grass species. The 

fallows initiated in January onwards had low proportions « 25%) of 

reproductive til lers in the swards. The Dec. fal low had a reproductive til ler 

proportion of 40%, which was close to that (42%) of a spring - Autumn fallow 

(Nie et a I . ,  1 997a) . These results were well l inked with natural reseeding. The 

December to March fallows did not significantly increase the viable seed 

population of legumes, weeds, rush and the total of all species (Table 6.2) . 

The only significant difference was detected in grass viable seed population 

between Dec. fallow and the grazed control (P < 0.05) . This suggested that the 

fallows started from January onwards were effective in controll ing natural 

reseeding during fal lowing. The Dec. fallow should be carefully used if the 

resident grass species are undesirable. 

In conclusion, pastoral fallows starting from December, January and February 

or March + N and ending in June considerably reduced plant popu lation density 

for oversowing new plant species. Natural reseeding of grasses was significant 

when a December fallow is used. The increased dispersion of white clover 

stolons by internode elongation in the fallowed swards, especially in the Dec. 

and Jan. fallow may improve the distribution and content of white clover in hi l l  

pastures. 
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This chapter is based on the fol lowing two papers: 1 )  Long-term effects of 

pastoral fal lowing on the d istribution and performance of white clover ( Trifolium 

repens L.) in a hi l l  country pasture (Nie, Z. N . ;  Valentine I . ;  Mackay, A. D . ;  

Barker, D .  J . ;  Hodgson, J . ;  1 996) . In  D. R.  Woodfield (ed . ) ,  White Clover: New 

Zealand's Competitive Edge. pp 75-78. 2) Impact of a pastoral fal low on the 

morphology and growth of white clover ( Trifolium repens L.) in a New Zealand 

hil l pasture (Nie,  Z. N . ;  Valentine I . ;  Barker, D. J . ;  Mackay, A. D . ;  Hodgson, J . ;  
1 997) . Proceedings of the XVIII International Grassland Congress. p p  1 09-1 1 0  

(Session 22) . 
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7.1 INTRODUCTION 

1 49 

Previous work (Chapter 3) found that white clover ( Trifolium repens L.) yield 

decreased during pastoral fallowing, but subsequently increased following a 

pastoral fallow. Two experiments were carried out to quantify the response in 

herbage production and stolon characteristics of white clover for a short term (1  - 2 

years) and long term (up to 4 years) after spring to autumn pastoral fallowing. In 

Experiment 1 (short-term) ,  herbage mass and white clover stolon characteristics 

were measured over two growing seasons following the conclusion (May 1 994) of 

a 7-month pastoral fallow. In Experiment 2 (long-term) ,  the effects of a spring to 

autumn fallow on white clover growth behaviour and production were examined for 

up to 4 years after the fallow. 

7.2 LITERATURE REVIEW 

Low legume content « 1 0%) is a common feature of most hill country pasture in 

New Zealand.  Lifting the content and improving the distribution of perennial 

legumes such as white clover of hill pastures is a major objective of a pasture 

improvement programme. Due to the steep slopes and uneven contour  of hi l l  

country in New Zealand, oversowing is the only feasible practice to increase its 

proportion in the sward (White, 1 990). However, the success rate of oversowing 

for legumes is low in hill country due to unpredictable weather and limitations of the 

technique (Awan, 1 995) . 

The fact that white clover has patchy distribution in a mixed sward has been well 

recognised, although little attention has been paid to patch analysis of white clover 

(Edwards, 1 994) . Production of white clover is determined by the patch density, 

patch size and clover mass per patch. Environmental and management factors 

such as season, cutting or grazing and fertilizer alter the two later factors rather 

than patch density (Edwards, 1 994) . 
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The capacity of stolons to spread horizontally is an important characteristic for the 

competitive ability of white clover. The extent of stolon dispersion is determined by 

internode elongation which can be markedly decreased by defoliation (Thomas, 

1 972; Wilman and Acuna-P, 1 993) , but compensated by an increase in both 

branching and total stolon length per unit area. Wilman and Acuna-P ( 1 993) have 

shown that swards should be cut or grazed closely and regularly to promote branch 

development in order to encourage white clover competition with grass and raise 

the content of white clover in the pasture. By contrast, however, other studies of 

the effects of alternating grazing and/or cutting management on improving the 

growth and content of white clover in mixed swards found that, when longer 

recovery intervals (over six weeks) between defoliations was imposed in white 

clover-depleted swards, the clover content was raised without the expense of either 

reseeding or oversowing (Curll and Wilkins, 1 985; Sheldrick et aI . ,  1 993) . These 

conflicting conclusions may reflect the varying roles of different growth 

components, i .e. branches, active growing points or internode length. 

Pastoral fallow is a technique originally used to improve soil fertility and post

fallowing pasture production (Mackay et aI. ,  1 991 ) .  It can be considered as a 

prolonged rest period or interval between defoliations. During fallowing, standing 

herbage increases, leading to increased plant competition altering sward structure 

and white clover growth behaviour (Chapter 6). 

7.3 MATERIALS AND METHODS 

7.3.1 Trial site and design 

Two experiments were conducted at AgResearch Hi l l  Country Station, Ballantrae 

near Palmerston North. The trial site was on a south (shady) aspect of moderate 

slope where the dominant species were low fertil ity-tolerant grasses such as 

browntop (Agrostis capillaris L.) and sweet vernal (Anthoxanthum odoratum L.) . 

White clover constituted <1 0% of total annual production. The soil was a YGElYBE 
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intergrade (Typic Dystrochrept) of sedimentary origin. The average soil Olsen P 

was 1 2  mg/kg soi l .  

7.3.1 .1 Experiment 1 

I n  1 989, six areas of 500 - 800 m2 each were fenced in three blocks. One plot 

was randomly chosen from each block to receive 35 kg phosphorus (P)/ha/year 

of North Carol ina reactive phosphate rock and 1 4  kg sulphur (S)/ha/year of 

elemental sulphur added in August annually from 1 989 to 1 993. In October 

1 993 al l plots (main plot) were split into sub-plots (split plot design) with one 

half fallowed from 1 9  October 1 993 until 31 May 1 994 and the other half 

rotationally grazed by sheep to maintain a herbage mass not exceeding 3,000 

kg DM/ha. 

7.3.1 .2 Experiment 2 

Twelve areas (1 75 - 750 m2) were fenced in a randomised complete block design 

of 4 treatments and 3 replicates. The four treatments were: fallowed 1 990/91 (F4) , 

fallowed 1 991/92 (F3), fallowed 1 993/94 (F1 ) and non-fallowed, grazed (FO) . The 

fallowing period was from September or October until the following May. At the 

conclusion of a fallow period plots were grazed twice by cattle. Outside the fallow 

period, in non-fallow years, and in the FO treatment, plots were continuously grazed 

by sheep to prevent herbage mass exceeding 3000 kg DM/ha. All plots received 

reactive phosphate rock (35 kg P/ha) and elemental sulphur ( 14  kg S/ha) annually 

from 1 989 to 1 992, with l ittle or no fertilizer applied in the 20 years preceding that 

time. 
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7.3.2 Measurements 

7.3.2.1 Experiment 1 
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Measurements of pasture growth were made by cutting one 0.5 m2 quadrat to 1 

cm above ground-level in each sub-plot, three times during 1 5  December 1 994 

- 1 8  May 1 995 for the first year (Year 1 )  post-fallowing, and 28 September 1 995 

- 5 February 1 996 for the second year (Year 2) post-fal lowing.  Sub-samples of 

pasture were dissected into grass, white clover, other legume, weed and dead 

matter, to estimate the dry matter of each component. White clover stolon 

characteristics were measured on twenty 50 mm diameter ti l ler plugs from each 

sub-plot on 5 December 1 994 and 30 November 1 995, for Year 1 and 2,  

respectively. Tiller plugs were dissected to obtain all surface and buried clover 

stolons which were washed, dried and then trimmed to determine total stolon 

length , internode length and stolon dry matter. 

7.3.2.2 Experiment 2 

Herbage mass and white clover stolon characteristics were measured on the same 

dates using the same methods as in Year 1 of Experiment 1 .  Along with the 

measurement of clover stolon characteristics in Year 1 of Experiment 1 ,  the 

numbers of grass tillers, white clover growing points, other legume plants and 

weeds in the tiller plugs were counted to estimate plant population density. Moss 

cover was scored as 0 (none) , 1 (less than half of plug surface covered by moss) , 2 

(more than half) and 3 (full) . On 1 6/3/1 995, a 3 m transect was trimmed to ground 

level by electric shears in each plot. One week later, occurrence ( 1 ) or absence (0) 

of active growing points and young leaves in 1 cm2 contiguous quadrats were 

recorded along each transect to estimate white clover stolon distribution pattem. 
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7.3.3 Statistical analysis 
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Data were analysed by Analysis of Variance with the General Linear Model 

procedure of the Statistical Analysis System (SAS Institute 1 990) . A split-plot 

model with repeated measures (Year 1 and 2) was used to analyse the data of 

Experiment 1 .  A randomised complete block model was used to analyse the 

data of Experiment 2. 

White clover stolon distribution pattern in Experiment 2 was analysed by the Two 

Term Local Quadrat Variance (TILQV) method (Dale and Macisaac, 1 989). The 

squared difference between adjacent block totals was plotted against an increasing 

block size. The x-axis of local maxima showed the scale of pattern,  i .e. average 

distance between the centre of a patch of white clover and the centre of a gap. 

The smaller peaks may reflect smaller patches of branches or irregular shape of 

patches. The sizes of patches and gaps was estimated by multiplying the scales of 

pattern with the average proportions of blocks with and without active white clover 

growing points. 

7.4 RESULTS 

7.4.1 Experiment 1 

7.4.1 .1 The morphological characteristics of white clover 

There were clear interactions in white clover stolon length (P < 0. 1 ) , weight (P < 

0.05) and internode length (P < 0.05) between fallow and post-fallowing time 

(Figure 7. 1 ) . The white clover stolon length and weight on the fallowed plots 

increased from 1 7.6 m/m2 and 5.8 g/m2 in Year 1 to 28.6 m/m2 and 8.9 g/m2 in 

Year 2, respectively. On the grazed plots, however, both stolon length and 

weight of white clover decreased from Year 1 to Year 2. The internode length 
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declined from 2.9 to 2. 1 mm on the fallowed plots, but remained consistent on 

the grazed plot. 

7.4.1 .2 Pasture growth rate 

Fallow significantly (P < 0.05) increased grass growth rate (926 kg 

DM/halmonth) compared with grazing (71 0 kg DM/halmonth) (Table 7. 1 ) . 

Fallow did not significantly influence white clover and weed growth rate, though 

clover growth rate (36 kg DM/halmonth) on the fallowed plot appeared to be 

higher, and weed growth rate (89 kg DM/halmonth) lower, than the grazed plot 

(27 and 1 34 kg DM/haimonth for clover and weed growth rate, respectively). 

Significantly greater grass and weed growth rate (P < 0.01 ) were found in Year 

2 compared with Year 1 (Table 7. 1 ) . The increased white clover growth rate 

from Year 1 (24 kg DM/halmonth) to Year 2 (40 kg DM/halmonth) was again 

not statistically significant (P > 0.05). There was a Significantly higher white 

clover growth rate (data not shown) in the fertil ised than the non-fertil ised 

treatment. 

7.4.2 Experiment 2 

7.4.2.1 Herbage mass, botanical composition and pasture density 

A significant difference in white clover yield was found among treatments (Table 

7.2). The treatment F4 produced highest yield of white clover, three times that of 

the grazed control (P < 0.05). Although white clover yield for F3 was increased 

by 76% compared with FO, the difference was not significant (P > 0.05). 

There were no significant differences for the dry matter yield of grasses, other 

legumes and weeds between fallow treatments. There was a trend (non

significant) of reduced dead material content with increasing years after fallowing. 



Chapter 7 Effects of pastoral fallowing on white clover ... 

34 - Fallowed 1 993/94 
(\j- 32 

.€ 30 

- - Non-fallowed (a) 

E- 28 

I s.e. j £; 26 0> C 24 Q) 
c 22 
0 
o 20 ..... 

(j) 18 

16  

5 Dec. 1 994 30 Nov. 1 995 
1 1  

..... ..... cr- 1 0  ..... ..... E ..... ..... -- ..... 
9 9  ..... 

r
e ..... ..... ..... .r;: ..... 

. Q> 8 
..... 

Q) � 

(b) 

C 7 0 
0 ..... 

(j) 6 

5 L-�--------------------------------
30 Nov. 1 995 5 Dec. 1 994 

3.0 

_ 2.9 
E 
E 2.8 
- 2 7  .r;: '  ..... 0> 2.6 C � 2.5 

� 2.4 

g 2.3 .... � 2.2 
C 
- 2.1 

I s.e .
· 

(c) 

2.0 L--______________________________ __ 
5 Dec. 1 994 30 Nov. 1 995 

Sampling date 

Figure 7.1 Response of (a) white clover stolon length, 
(b) stolon weight and (c) internode length to 
fal lowed and non-fallowed (grazed) 
treatment in the first and second year post
fallowing (* and t represent interaction 
significance P<O.05 and P<O. 1 ,  respectively) . 

1 55 



Chapter 7 Effects of pastoral fallowing on white clover ... 

Table 7.1 Effects of fallowing and the time post-fallowing on 

the growth rate (kg DM/haJmonth) of grass, white 

clover and weed in the periods of 1 5  December 

1 994 - 1 8  May 1 995 (Year 1 )  and 28 September 

1 995 - 5 February 1 996 (Year 2) . 

Treatment 

Fallowed 

Grazed 

SEM 

Grass 

925.8 

71 0.4 

54. 8  

Clover 

36.3 

27.2 

3.5 

Weed 

89. 1  

1 34.4 

1 7.0  

Significance * ns ns 

Year 1 641 . 1  23.5 50.3 

Year 2 955.3 40.0 1 73.3 

SEM 42.2 5. 7 13.2 

Significance ** ns ** 

* ,  ** and ns denote P<0.05, P<0.01 and not significant, 

respectively. 

1 56 
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As with yield, white clover growing point density declined in F1 ( 1 520 points/m2) 

from FO and increased subsequently to over 6500 points/m2 in F4 (Table 7.2). 

Weed density and the cover of moss showed similar trends. There was an 

increase in grass and other legumes in F1 from FO, but both declined 

subsequently. There was an inverse relationship between grass tiller density and 

white clover growing point density, indicating probable competition between these 

two components of the sward. 

7.4.2.2 Stolon characters 

Significant differences (P < 0.05) in total stolon length were found among 

treatments, the sequence being F4 > F3 > FO > F1 (Figure 7.2) .  Total stolon 

weight, not shown, followed the same trend. Fallowing decreased total stolon 

length and the F1 treatment had only 21 mlm2 of stolons. However, intemode 

length changed in a reverse manner to total stolon length and weight, with fallowing 

increasing internode length for up to 6 months after the cessation of the fallow, then 

gradually declined thereafter. The stolon dry matter per unit length was not 

statistically different between treatments, indicating stolon thickness was not 

altered by fallowing. 

7.4.2.3 Distribution pattern 

Figure 7.3 shows an example of distribution pattern of white clover from one 

replicate. There were clear patterns for F4, F3 and FO, but no clear pattem for F1 

probably due to a recent substantial reduction in growing points and branches by 

fallowing. The ratio of gap diameter to white clover patch diameter had significant 

difference (P < 0.01 ) between treatments, with F3 and F4 being approximately 46% 

lower than FO (Table 7.3). This reflected that the gap size in FO was significantly 

greater than patch size in comparison with F3 and F4. Previous fallowing 

increased white clover patch diameter by 25-35% and decreased the gap diameter 
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Table 7.2 Effects of post fallowing duration on pasture yield (kg 

DMlha) from 1 5  December 1 994 to 1 8  May 1 995 (means 

of three harvests) and grass tiller and white clover 

growing point density (No./m2) on 5 December 1 994. 

Treatment Yield Density 

Total Grass White Grass White 

clover clover 

F4 1 796 1 289 1 53 a 26,000 6520 a 

F3 1 550 1 1 78 90 ab 28,000 2800 b 

F1 1 546 1 1 68 48 b 36,000 1 520 b 

FO 1 728 1 254 51  b 27,000 301 0 b 

Note: Data with different letters indicate significant d ifference 

(P<O.05). 
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by 1 9-30%. There was no significant difference for pattem scales between 

treatments. 

7.5 DISCUSSION 

7.5.1 Short-term post-fal lowing effects 

The widely spread clover stolons during pastoral fallowing (Chapter 6,  Figure 

7.2) in itiated branching at the end of fal lowing, resulted in a cumulative increase 

of stolon length and weight and a decline of average internode length in the 

two subsequent years post-fallowing (Figure 7. 1 ) . The decline of both stolon 

length and weight of grazed pastures was probably due to less protection by 

dense grasses over a dry period. The rainfall of January - March 1 995 was 

only 57 mm/month , which was 65% of the 24 year average over the same 

period. Brock and Kim ( 1 994) indicated that high pasture (grass) density that 

was capable of providing shelter from direct solar radiation to clover stolon 

gave superior survival of white clover during drought stress. The increase of 

stolon length and weight from Year 1 to Year 2 in the fal lowed sward was the 

combination of both the formation of new clover patches (Table 7.3) and a 

higher survival rate of clover during the dry period . 

Although there was a clear increase in stolon length and weight of white clover 

within the two post-fallowing years, the response of white clover growth rate 

was not significant (Table 7. 1 ) . However, grass growth rate was significantly 

increased from Year 1 to Year 2. This was probably related to an increase of 

ti l ler density one year post-fallowing (Table 7.2) and the release of n itrogen 

shortly after fallowing (Mackay et aI . ,  1 991 ) .  In spite of protection of clover 

stolons over the dry period, the vigorous growth of grass species in other 

periods during the first two years after fallowing may have competed strongly 

with white clover. This competition would have restricted the growth of white 

clover. 
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Table 7.3 Scale of pattern, average diameter of gap and white 

clover patch and mean ratio of gap:white clover patch 

diameter (G:C ratio) . 

Treatment Scale (cm) Diameter of patch (cm) G:C ratio 
......................................................................... 

of pattern Gap Clover 

F4 91 .7 1 22. 1 61 .3 2 .0 a  

F3 1 03.3 1 40.5 66.2 2.1  a 

F1 No pattern 

FO 1 1 1 .7 1 74.3 49.0 3.8 b 

Note: data with different letters indicate significant difference 

(P<D.01 ) . 

1 62 
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The difference in growth rate for all species between Vear 1 and 2 (Table 7. 1 )  

was probably due to: a) low rainfall during January - March 1 995 (mean 

monthly rainfall was 63% of the same period of 1 996) of the first measurement 

year; b) the first measurement year was during autumn, while the pasture 

growth rate is generally lower than in summer and spring. The increase of total 

herbage and white clover yield by fertiliser applied 1 -2 years earlier in this study 

supports the finding of Lambert et aL ( 1 983) who showed that fertiliser 

previously applied sti l l  has an effect, though reduced in magnitude and beyond 

that in the immediate year of application. 

7.5.2 Long-term post-fal lowing effects 

Little attention has been paid to detailed analyses of the spatial distribution of 

species within temperate grassland systems, although the fact that white clover is 

d istributed in patches in mixed species pasture is recognised (Edwards, 1 994; 

Grant and Marriott, 1 989). The yield (V, kglha) of white clover in a mixed sward 

can be described as V = PD * PS * CMP, where PD is patch density (No./ha), PS 

is patch size (m2/patch) and CMP is clover mass per patch (kglm2/patch) . Each of 

the three components is positively correlated with white clover yield. Many 

studies (Wilman and Acuna-P, 1 993; Collins et aL , 1 991 ; Laidlaw and Withers, 

1 989; Grant et aL , 1 991 ; Turkington et aL , 1 994) have concentrated on the 

management and climate factors that influence growth of branches, growing 

points and leaves. This has contributed to an understanding of CMP and PS, but 

little of PD. This was evident from Edwards (1 994) who demonstrated that 

increases in white clover content with various seasons and by different grazing 

management were predominately the result of increases in the size of clover 

patches with no new patches developed. 

The patch density of white clover is initially determined by seeding rate and 

genotype interaction with variable surface topography. Recruitment from buried 

seed within established populations is rare in white clover and other communities 

dominated by clonal plant species (Chapman, 1 987). Thus, the possibility of 
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increased clover patch density in a sward relies on stolon dispersion, unless new 

white clover seeds are introduced. The significance of fallow in this study was that, 

in spite of initial depression of clover density, it stimulated internode elongation 

which resulted in more extensively distributed stolons in the sward. These 

widespread stolons may have formed the nucleus of larger and/or new patches for 

subsequent expansion after grazing management had been reimposed at the 

conclusion of fallow. The resultant increase in white clover yield of swards fallowed 

3 and 4 years earlier, was thus probably the result of both greater PS and PD. This 

was supported by the result of spatial pattern analysis (Table 7.3) . 

The internode length was found to be negatively correlated to the total stolon length 

per unit area (Wilman and Acuna-P, 1 993) , because the increase in main stolon 

length by internode elongation did not compensate for the loss of secondary 

stolons when duration between defoliations was prolonged. Therefore, total stolon 

length cannot be used as a criteria for stolon dispersion within a sward. For 

example, in the F1 treatment the total stolon length was much lower than FO (21 vs 

39 mlm2, respectively) , which was not an indication of less dispersed clover stolons 

in F1 sward. 

Changes in sward clover content brought about by longer recovery interval of 

cutting and grazing management are likely to be less immediate than those from 

oversowing (Sheldrick et aI. ,  1 987) . In this study the treatment F1  was inferior, 

although not significantly, to the grazed control in white clover yield, botanical 

composition and growing point density. This may be, in part, due to grass 

competition as there was a flush of grass tillers (36000 tillerslm2) produced within 

the year after the fallow. Post-fallowing white clover regrowth is of great 

importance for clover recovery in the sward. In addition to grazing examined in this 

study, climatic, edaphic and macro-environmental factors, and the interactions 

between them also probably play a part in the recovery of stolon growth, branching 

and new patch formation after fallowing. The large difference between F4 and F3 

in clover yield, growing point density and total stolon length and weight, although 
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the order for the two treatments followed the trend along with fallow history (Table 

7.2), may result from the interactive effect of grazing with theses factors. The 

duration of increase in sward clover content after fallowing needs further 

confirmation. 

7.6 CONCLUSION 

Pastoral fallowing significantly increased grass growth rate in the two 

subsequent years post-fallowing. The h igh density of grass favoured stolon 

survival over dry periods, but the improved grass growth may have imposed 

strong competition on white clover growth . The increase in clover stolon length 

and weight and decrease in internode length in the first two years after 

fal lowing, although not resulting in improved growth rate, indicated the restoring 

of stolon branching and the start of new clover/grass equi l ibrium post-fallowing. 

At 4 years post-fallowing, both white clover stolon length and growing point 

density were significantly increased . Distribution pattern analysis showed that 

clover patch size and density increased at 3 - 4 years post-fallowing. The 

increase in white clover post-fallowing was attributed to its ability to disperse 

through the pasture during fallowing and re-establish in gaps in the pasture where it 

had previously not been present. 
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8.1 INTRODUCTION 

This thesis presents the results of a series of experiments quantifying the 

response of plants and soi l in hil l country pastures of New Zealand during and 

after a pastoral fallow. The underlying aim was to assess the potential use of 

pastoral fallow as a management tool to improve the productivity, qual ity and 

persistence of hi l l  pastures through oversowing,  improved clover growth and 

natural reseeding. 

The effects of pastoral fallow on sward structure, plant population density and 

soil physical and chemical properties were examined mainly in an October to 

May pastoral fallow in the field (Chapter 3 and 4) . A spring - autumn pastoral 

fallow produces abundant viable seeds which benefits the persistence of grass 

population in a sward (McCallum et aI . ,  1 99 1 ) ,  but may impose a strong 

competition on oversown species. Thus, the mechan isms of natural reseeding 

during and after pastoral fallow were studied and techniques to control natural 

reseeding were evaluated by both field and glasshouse experiments (Chapter 5 

and 6) . White clover ( Trifolium rep ens L.) and pasture growth were repeatedly 

measured during two growing seasons post-fal lowing to examine the short- and 

long-term effects of a pastoral fallow (Chapter 7) . This chapter presents an 

integrated discussion of all results, with an emphases on relationships between 

factors. 

8.2 RESPONSE OF PASTURE PLANTS AND SOIL TO PASTORAL 

FALLOW 

The responses of pasture plants, soil and natural reseeding to full (October -

May) and partial (early completion or late commencement) pastoral fallows and 

their practical importance are summarised in Figure 8 . 1 . 
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natural regeneration in practice. 
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The background rationale was to use a pastoral fallow to reduce plant 

population density as predicted by the self-thinning rule which describes plant 

mortality due to competition in crowded even-aged stands (Yoda et aI . , 1 963; 

Westoby, 1 984) . This would allow the introduction of new germplasm into the 

open sward following the removal of the standing phytomass by cattle grazing . 

During an October to May pastoral fallow, the phytomass above 1 cm from 

ground level increased from 1 400 kg/ha at the start of fallow to a maximum of 

6600 kg/ha in February (Chapter 3, Figure 3.3). The accumulation of above 

ground phytomass caused strong inter-plant competition and self-thinning. I n  

addition, the completion of the l ife circle of matured plants also contributed to 

plant mortality. At the end of the fallow, the densities of grass ti l lers, white 

clover growing points and other species in the fal lowed sward declined by 72, 

87 and 87% compared with their initial plant densities, and by 77, 82 and 51  % 

compared with the grazed sward , respectively (Chapter 3) . Such a significant 

reduction in plant population density should achieve the aim of removing above 

ground competition from resident vegetation on oversown plant germplasm 

(Figure 8 . 1 ) . 

Principal component analysis revealed that the relationship between above 

ground plant size and plant density followed the self-thinning rule during the 

October to May pastoral fallow (Figure 3.2) . The self-th inning l ine was a 

particularly good fit when calculation was based on all plant species rather than 

grass alone, although grasses were the dominant species in the sward and 

most studies of pastures used grass alone to quantify the ti l ler size/density 

relationship (Bircham and Hodgson, 1 983; Davies, 1 988; Matthew et aI . ,  1 996) . 

The self-thinning rule also applied to the plant size/density relationships when 

treatments of pastoral fallows varying in start date and duration were imposed 

(Figure 6.4) . 
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The key to achieving a wel l  self-thinned sward is the accumulation of above 

ground biomass. Any factors which promote pasture growth rate wil l  accelerate 

self-thinning. For instance, addition of N to a March to June pastoral fallow 

stimulated pasture growth, resulted in a ti l ler loss 44% greater than the 

treatment without N added (Table 6. 1 ) . The til ler loss ( 1 3300 ti l lers/m2) on the 

shady aspect, moister in summer (Chapter 4, White, 1 990) , was 1 3% greater 

compared with that ( 1 1 800 til lers/m2) on the sunny aspect during an October to 

May fallow (Table 3. 1 ) . A March to September fallow, although fallowed longer 

than a partial fallow in autumn,  resulted in a very poor plant density decline due 

to low above ground biomass accumulation in autumn and winter (Figure 6 . 1  

and 4a) . Therefore, use of  pastoral fallow as a management tool to suppress 

competition of existing vegetation for oversowing would be more appropriate to 

environments, e.g.  summer moist hi l l  country, and seasons e.g. spring -

autumn with good pasture growth. To use a pastoral fallow for this purpose in 

environments with low pasture growth rate, timing of fallowing and techniques 

to stimulate pasture growth rate become important. 

An important factor influencing grass seedling survival when oversowing into 

existing pastures is below ground competition (Seager, 1 987) . Below ground 

competition between grass species begins earl ier and has a greater impact on 

the overall competitive relationships between the species than shoot 

competition (Sangakkara, 1 983) . As discussed above, plant population density 

was dramatically decreased at the end of an October to May fal low. If each 

plant or ti l ler of grass has its own root system , then substantially less 

plants/ti l lers in the fallowed sward should result in significantly lower root 

biomass than the grazed sward. The reduction in plant number on the fallowed 

plots was accompanied by a decline in root biomass of the top soil (0 - 50 mm 

depth) compared with the grazed plots (Chapter 4) . Pastoral fallow also 

encouraged the growth of fewer, larger plants with deeper roots, resulting in a 

greater root biomass below 200 mm soil profile compared with grazed plots. 

Low root biomass at 0 - 50 mm depth under the fal lowed sward should favour 
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the practice of using pastoral fallow as a tool to reduce both the plant shoot and 

root competition on oversown germplasm (Figure 8. 1 ) . 

8.2.2 Soil physical and chemical properties 

Fallowing is a traditional method that has been used to increase soil moisture, build 

soil fertil ity and subsequently improve plant growth (Lamb et aI. ,  1 985; Bowen et 

aI. ,  1 988; Thorburn, 1 992; Yunusa et aI . ,  1 994) . Mackay et al. ( 1 991 ) found that 

the mineralization of soil organic matter and the release of legume-fixed nitrogen or 

organic matter-contained nitrogen were stimulated by pastoral fallowing. 

Compared with the grazed treatment, an October to May pastoral fallow 

reduced soil bulk density by 1 1  %, and increased air permeabil ity at 500 mm 

tension, saturated hydraulic conductivity and unsaturated hydraulic conductivity 

at 20 mm tension by 38, 26, 67%, respectively. The reduction in bulk density 

indicates an increase in soil porosity, but it provides l ittle information on pore 

size distribution and function. The increase in both saturated , and unsaturated 

hydraulic conductivity at 20 mm tension on fallowed soil showed an improved 

water flow rate as a result of increased large functioning pores (> 1 500 �m) 

compared with the grazed soi l .  These results demonstrate that pastoral fallow 

can be an effective management option to reduce soil structural damage 

caused by stock treading. 

Soil moisture content is the most dominant factor affecting seed germination 

and seedl ing establ ishment (Harper and Benton , 1 966; McWil l iam and Dowling, 

1 970) . An October to May pastoral fallow increased soil moisture content, 

especially in the top soil (0 - 50 mm) compared with the grazed sward (Table 

4. 1 ) , probably due to reduced soi l evaporation and plant transpiration by the 

accumulation of dead standing plant and plant litter at the late stage of fal lowing 

(Figure 3.3a) . The increase in soi l moisture is particularly important where soil 

moisture is critical at the site, e.g. sunny aspect, and the time, e.g.  around 

March ,  for oversowing in hill country. 
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In general, pastoral fallow did not affect the content of most nutrients in soil 

both during the fal lowing period and after 2 - 3 years post-fal lowing (Table 4.3 

and 5) . The slight d ifferences between the fallowed and the grazed treatment 

were lower K and mineral N levels at 0 - 75 mm soil depth in the fallowed soil at 

the end of an October to May fal low, and was probably due to no nutrient return 

through dung and urine and reduced N fixation by legumes suppressed during 

fallowing (Chapter 4; Mackay et aI . ,  1 991 ) .  However, the mineralisation of plant 

residues and soil organic N stimulated shortly after the conclusion of pastoral 

fal lowing (Mackay et aI . ,  1 99 1 )  may compensate K and N depletion during 

pastoral fal lowing. 

8.2.3 Natural reseeding and partial pastoral fal low 

Two possible and conflicting objectives of pastoral fallowing are: 

1 )  to increase natural reseeding by encouraging seed production of desirable 

species during summer/autumn pastoral fallow (L'Hui l l ier and Aislabie, 

1 988; Boom and Sheath , 1 990; Hume et aI . ,  1 990; McCal lum et a I . ,  1 991 ) ;  

2) to reduce plant population density for oversowing new plant germplasm 

(Chapter 3) . 

The first objective requires maximal natural reseeding, but the second objective 

requires maximal self-th inning and minimal natural reseeding in order that the 

competition of seedl ings by natural reseeding on introduced species is 

minimised (Chapter 5; Figure 8 . 1 ) .  

8.2.3.1 Natural reseeding 

A spring - autumn pastoral fallow increased the viable grass, legume, weed and 

the total seed population by 5 1 - 1 60%, compared with the grazed control 
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(Chapter 5) . Regression analyses revealed the patterns of cumulative seedling 

appearance under glasshouse conditions and two pools of soil viable seed 

reserves (Figure 5.3). The rapidly germinable pool (RGP) reflected seeds 

which remain close to the soil surface and germinate rapidly if conditions for 

germination allow, and the base pool (BP) reflected seeds which germinate 

slowly due to either enforced or innate dormancy (Howe and Chancellor 1 983) . 

Calculation of the size of RGP and BP showed that seeds of various plant 

species freshly shed during pastoral fallow entered RGP and BP in very 

d ifferent proportions (Table 5 .4) . Of the grass seeds ( 1 7590 viable seeds/m2) 

produced by fallow, 82% went into RGP and only 1 8% went into BP. Weeds 

had a similar distribution to grasses. Of the legume seeds (628 viable 

seeds/m2) produced by fallow, most seeds (65%) went into BP with only 35% 

entering the RGP. 

The fact that most (82%) of the grass seeds germinated rapidly after the 

conclusion of a pastoral fallow favours the practice of using pastoral fallow to 

increase the persistence of grasses through natural reseeding (Figure 8 . 1 ; 

Hume et aI . ,  1 990; McCal lum et aI . ,  1 99 1 ) .  The rapid appearance of 

regenerated seedlings should avoid the strong competition from new til lers 

produced by the resident plants after the conclusion of fal lowing. However, 

rapid seedling appearance will impose strong competition on oversown 

species, if the purpose of the pastoral fallow is to prepare a seedbed (Figure 

8. 1 ) . The small proportion (35%, 220 viable seeds/m2) of legume seeds in the 

RGP suggests that seedling regeneration plays l ittle role in the persistence of 

legumes on a short-term basis. 

The seasonal variation in the viable seed population of the dominant grasses 

fol lowed a regular pattern during a spring - autumn pastoral fallow (Figure 

5.2a) . The viable grass seed population increased sl ightly from October to 

December, but rapidly from December to March, as the maturity of seeds for 

most species occurred after December. The viable grass seed population 

decreased from March to May,  predominantly due to seed loss by germination 

I 
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during this period. Compared with grasses, the viable seed populations of 

legumes and weeds were very low. 

8.2.3.2 Partial pastoral fal low 

Although an October - May pastoral fallow reduced potential competition 

between established plants and seedlings of introduced species, competition 

from seedlings resulting from natu ral reseeding during the fallow wou ld l ikely be 

intense. The seasonal variation of viable grass seed population during an 

October - May pastoral fallow (Figure 5.2a) suggested that a partial pastoral 

fallow either completing earl ier, for example late December, or starting later, for 

example from December to March, may achieve the goal of restricting viable 

seed production during pastoral fallowing while retain ing the benefit of reduced 

plant population density (Chapter 6) . 

Pastoral fallows starting from December, January, February and March, and 

ending in June produced total viable seed populations of 2368 to 2597 

seeds/m2, which were not Significantly different from that (20 1 2  seeds/m2) of the 

grazed sward (Table 6.2). The only significant increase was the viable grass 

seed population (1 1 21 seeds/m2) in a December - June fallow, which was 

significantly higher than that (522 seeds/m2) of the grazed control ,  but sti l l  much 

lower than an October - May fal low (6360 seeds/m2) .  From a plant density 

perspective, pastoral fallows starting from December, January and February 

and completing in June reduced the total plant/ti l ler (grass + legume + weed) 

population density by 51 - 71 % compared with the grazed control (Chapter 6) . 

Late-starting partial fallows were effective in both controll ing natural reseeding 

and reducing plant density for oversowing new plant germplasm in hill country. 

An early partial pastoral fallow (October - December) was also effective in 

reducing plant population density and viable seed population (Chapter 3 and 5). 

However, there are difficulties in successful ly oversowing species at the 
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completion of this partial fallow due to the risk of low summer rainfall (or 

d rought) which reduces the survival rate of oversown species (Chapter 6) . 

8.3 SHORT- AND LONG-TERM EFFECTS OF PASTORAL FALLOW 

The short- and long-term effects of pastoral fallow on white clover and grass 

growth are i l lustrated in Figure 8.2. Emphasis has been put on changes in 

white clover growth behaviour during and after pastoral fallowing. 

8.3.1 White clover stolon growth during pastoral fal low 

The survival of a vigorous stolon network, which supports the growth of new 

growing points, leaves and stolons, ensures the persistence of white clover in 

grazed swards (Marriott and Smith , 1 992) . When a grass-clover sward is 

closely grazed, white clover increases branching and stolon density and 

reduces internode length (Thomas, 1 972; Wilman and Acuna-P, 1 993) . When 

a grass-clover sward was released from close defoliation by a partial pastoral 

fal low, white clover changed its growth behaviour so that branching and stolon 

density declined, but internode length increased (Chapter 6) . Simi lar results 

were observed six months after the conclusion of an October - May fallow 

(Chapter 7) . Increased internode length of white clover during pastoral fallow 

indicates greater stolon dispersion in the mixed sward (Figure 8.2) . 

8.3.2 Post-pastoral fal low white clover and grass growth 

The widespread white clover stolons during pastoral fallowing resumed 

branching when the accumulated above ground plant material was grazed by 

cattle at the conclusion of fallowing (Chapter 7) . This resulted in a cumulative 

increase of stolon length and weight and a decline of average internode length 

in the following years. At the same time, there was a flush of grass ti l lers 
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Figure 8.2 Change of white clover growth behaviour and clover/grass 

competition during and post pastoral fallowing. 



Chapter 8 General discussion and conclusion 1 80 

appearing shortly after the conclusion of fallowing, which, in combination with 

the increased soil n itrogen level after fallowing (Mackay et aI . ,  1 991 ) ,  resulted in 

a h igh growth rate of grass in the second year post fallowing (Chapter 7) . The 

vigorous growth of grass in the first two years post fal lowing imposed a strong 

competition on white clover, which explained why it took three to four  years for 

the widely distributed clover stolons to raise clover yield significantly (Chapter 

7) . 

The fact that white clover is distributed in patches in mixed species pasture is well 

recognised (Edwards, 1 994; Grant and Marriott, 1 989) . The yield (V, kglha) of 

white clover in a mixed sward can be described as V = PO * PS * CMP, where PO 

is patch density (No./ha), PS is patch size (m2/patch) and CMP is clover mass per 

patch (kglm2/patch). Edwards ( 1 994) demonstrated that increases in white clover 

content with various seasons and by different grazing management were 

predominately the result of increases in the size of clover patches (PS) with no new 

patches developed. Close defoliation which stimulates branching would increase 

CMP, rather than PS or PO. The significance of pastoral fallow in this study was 

that, in spite of initial depression of clover density, it stimulated internode elongation 

which resulted in more extensively distributed stolons in the sward. These 

widespread stolons may have fonned the nucleus of larger and/or new patches for 

subsequent expansion after grazing had been reimposed at the conclusion of 

fallow. The resultant increase in white clover yield of swards fallowed three and 

four years earlier, was thus the result of both greater PS and PO (Chapter 7) . This 

result is of particular significance in summer moist hil l country where recruitment of 

white clover from natural reseeding is rare in mixed swards (Chapman, 1 987) . 

8.4 CONCLUSION 

An October-May pastoral fallow substantially altered sward structure and 

reduced plant popu lation density in a summer-moist hil l pasture envi ronment. 

The plant size/density relationship during the pastoral fallow in this mixed 

species sward followed the self-thinning ru le, particularly when the calculation 
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was based on all plant species rather than grass alone. The decline in grass 

ti l ler density by pastoral fallow was enhanced on the shady aspect. Application 

of P and S increased white clover growing point density on the shady aspect 

and grass til ler density on the sunny aspect. Application of N accelerated plant 

mortality during pastoral fal lowing. 

The October-May pastoral fal low reduced the root biomass at top soil (0 - 50 

mm), but encouraged a deeper root system. It also improved soil physical 

properties, e.g. soil porosity, air permeabi l ity, hydraulic conductivity and soil 

moisture. Pastoral fallowing had little effect on soil chemical properties. 

A spring-autumn pastoral fallow considerably increased the viable seed 

population, especially for grass species. A two-pool (rapidly germinable pool 

and base pool) model was developed to quantitatively describe the proportion 

of viable seeds in each pool and their germination rate. The variation of viable 

seed population during the pastoral fallow fol lowed a predictable pattern , which 

provided useful information for either uti lising or restricting natural reseeding in 

practice. 

Partial pastoral fallows starting from December, January and February or 

March + N and completing in June considerably reduced plant population 

density. Except for the viable grass seed population of December - June 

fal low, other partial fal lows and other species in the December fallow had no 

significant difference in viable seed population compared with grazed.  The 

viable grass seed population of December - June fallow was sti l l  much lower 

compared with a spring - autumn fallow. 

Pastoral fallow significantly increased internode length of white clover which 

indicated greater stolon dispersion in the sward. The widespread clover stolons 

during pastoral fallowing resumed branching at the conclusion of fallowing, 

resulting in a cumulative increase of stolon length and weight in the fol lowing 

years. As a result, white clover yield significantly increased 3 - 4 years post 
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fallowing. This increase was the result of both greater patch size and patch 

density of white clover. 

Based on the conclusions above, impact diagrams have been developed for a) 

either creating low plant density and low reseeding environment in the autumn for 

oversowing improved plant germplasm or encouraging natural reseeding for 

improving the persistence of grass (Figure 8 . 1 ) ; b) improving white clover 

content in low fertil ity hil l country (Figure 8 .2) . 
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