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A   B   S   T   R   A   C   T 

 

 

We investigated the effects of fire, grass and acacia age on the relative growth 

rate (RGR), relative neighbour effect (RNE), height and biomass of acacia and 

grass in the greenhouse condition. The experiment was arranged a completely 

randomized design with 10 replicates. Grass and shrubs were grown 17 weeks 

after establishment, thereafter, fire was applied, and observations were done 16 

weeks later. Old grass tussock suppressed acacia seedling and sapling, but young 

grass facilitated acacia seedling and sapling. Young acacia suppressed the young 

grass but older acacia facilitated the growth of mature grass tussocks. After 

remove of biomass and the application of fire there was no significant effect but 

the height and biomass of all acacia seedlings were negatively affected by grasses 

In contrast to acacia, the effects of fire on the grass tussocks were reduced the 

above ground biomass.

s

1. Introduction

     How do woody plants and grasses interact in 

woodlands and shrublands? The details of these 

interactions are still not clear, particularly with 

respect to the effects of the woody plants on grass 

growth and species composition. Researches are 

often focused on the importance of resources and 

disturbance. Plant facilitates other plants especially 

N2 fixing plants directly or actively by 

ameliorating harsh environmental conditions, by 

altering soil properties or by increasing availability 

of resources (Kurokawa et al., 2010). The effects of 

Acacia include the richer soil, grass leaf nutrients, 

reduced evapotranspiration, increased soil water 
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due to hydraulic lift, and decreased soil water due 

to competition and increase grass productivity 

(Breshears et al., 1997; Ludwig et al., 2001; 

Ludwig et al., 2003; Treydte et al., 2007; Ludwig 

et al., 2008; Riginos et al., 2009). For example, 

nitrogen and phosphorus fertilization increased 

grass production outside and under canopies 

(Ludwig et al., 2001). Ludwig et al. (2003) showed 

that Acacia may lift and leaching between 75 and 

225 L of water each night to area more than 300 m2. 

Relative frequency of facilitation and competition 

will inversely proportional gradients of ecosystem 

productivity (Bertness and Callaway, 1994). The 

effect of species characteristics may change 

through ontogeny as depend on their magnitude 

and direction. 

https://orcid.org/0000-0001-8511-0791


Turkish Journal of Range and Forage Science, 2021, 2(2): 44-51                                                                              

 

45 
 

     Tree and/or shrub studies have shown positive 

effects on grass nutrition and productivity, but in 

addition, there are often negative effects (Higgins 

et al., 2000; Cramer et al., 2007). Grasses and 

woody plants have reciprocal competition and have 

contrasting growth forms. Because of different root 

niche, trees and/or shrubs are assumed to be able to 

valuable water and mineral nutrition from lower 

soil layers than grasses (Cramer et al., 2010). 

Grasses may also have both positive and negative 

effects on woody plants. Negative effects include 

suppression of tree and shrub seed germination, 

seedling growth and survival. Tree and/or shrubs 

are generally accepted as ineffective competitor 

when established. Because same grasses have 

allelopathic effects and most grasses areas have no 

any gaps. These situations are cause to reduction 

tree and/or shrub seedling growth (Nano and 

Clarke, 2010; Clarke and Knox, 2009; Cramer et 

al., 2010). Also this event contributes grass 

competition. While trees use mostly deeper soil 

moisture, grasses wets the soil surface is used more 

efficiently by fibrous roots than taproots. For this 

reason in vegetation is dominated by grasses 

(Herbel and Pieper, 1991; Erkovan et al., 2008). 

Effects of trees on grasses are cooler temperatures 

because of minimized evapotranspiration, leaf litter 

and N2 fixation (Scholes and Archer, 1997). High 

grass productivity usually results in a large biomass 

accumulation combined with slow decomposition 

so that a large, dry fuel load accumulates. The 

result may be a severe fire, depending on weather 

patterns. But grasses can also have positive effects 

on these processes by providing suitable 

microclimatic conditions for tree and shrub seed 

germination and establishment (Aide and Cavalier, 

1994). Environmental changes results from 

meristem environment by factor such as shading, 

water, nutrient etc. These factors changes results 

from morphological changes that it can be gradual 

or abrupt (Lawrence et al., 2003).  

     Fire can alter the species composition and 

consequently the structure, of vegetation as well as 

nutrient status and other attributes (Bullock, 2009; 

Esque et al., 2010). Different species of plants vary 

in their responses to fire. For example previous 

studies have shown that the following species were 

affected positively by fire; the endangered herb 

Gentiana pneumonanthe, the short-lived grass 

Agrostis curtisii, the matrix shrubs Calluna 

vulgaris, Ulex minor and U. gallii, the invasive 

grass Molinia caerulea, the invasive shrub Cytisus 

scoparius and the invasive tree Betula pendula 

(Gray, 1988; Chapman et al., 1989; Scandrett and 

Gimingham, 1989; Rees and Paynter, 1997; Stokes 

et al., 2004; Manning et al., 2004; Jacquemyn et al., 

2005). The overall role of fire in species depends 

on population dynamics such as remove of 

competitor or mortality of species. Shrubs are 

usually more vulnerable than grasses to fire, and 

they may decrease competition by exposing grasses 

to the hazards of fire. However, fire can result in 

the breaking of seed dormancy, seedling growth 

and resprouting in shrubs that have been fire-

damaged. Nano and Clarke (2010) suggested that 

the growth and survival of shrub seedlings 

dramatically decreases in the presence of adult 

grasses and sexual maturation may also be slow. In 

addition, grass competition and fire effects are 

important in producing shrublands-grassland 

mosaics. Fire can be an important disturbance in 

woodland or shrubland vegetation because it 

reduces grass cover and stimulates the germination 

of hard seed (Kraaij and Ward, 2006).  

     We planned that explain whether a demographic 

mechanism of shrub and grass ontogeny and 

coexistence can be determined. Coexistence shrub 

and grass during growing is advantage or 

disadvantage because of different growing form. 

We need to information how shrub and grass 

competition will be affected competition and fire as 

demographic and physiological. The role of fire on 

shrub and grass competition is a complex balance 

of positive or negative effects. We tested that how 

is fire affect new seedling and subsequent seedling 

shrub and grass ontogeny. Is there any interaction 

between root and shoot ontogeny and fire interact 

to competition these plants.  

 

     2. Materials and Methods 

     2.1. Experimental Design 

     The experiment consisted of combinations of 

different aged grass and shrubs in mixtures and 

grown alone with 10 replicates for each 

combination. The ages were (young grass seedlings 

(YG), mature grass tussocks (MG)), shrub 

seedlings (YS) and older shrubs saplings (OS). The 

mature grass tussocks and the older shrubs saplings 

were grown for 1 month prior to seedlings being 

transplanted for the mixed treatments. These 

combinations were (YG-YS), (YG-OS), (MG-YS), 

(MG-OS) in a completely randomized design. 

Hence there were 8 treatments each with 10 

replicates for the first stage of the experiment these 

plants were grown for 17 weeks during which their
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growth was measured. At 17 weeks the 

aboveground biomass was harvested of both the 

shrubs and the grass and second treatment applied 

two half replicates. A flame was applied using a 

propane gas burner to the cut base of both the grass 

tussocks and acacia stem. These plants were grown 

for a further 16 weeks and both above and 

belowground biomass harvested.  

 

     2.2. Plant and Soil Material 

     The study was carried out under glasshouse 

conditions during 2010-2011 at the University of 

New England (Armidale-Australia). Mitchell grass 

(Astrebla sp.) and A. farnesiana were used in the 

experiment. Materials of both taxa were collected 

from Kirramingly Nature Reserve on 25.06.2010 

according to the method of Whalley and Brown 

(1973). Mature tussocks of Mitchell grass were dug 

and placed in plastic bags and removed to 

glasshouse with in 12 hours where the soil was 

washed from the roots and the culms trimmed to 

about 1 cm of the bass. They left for a few days 

before being transplant to into pots. Acacia 

saplings were dug from moisture soil a placed in 

plastic bags and remove to the glasshouse about 12 

hour and washed soil from the roots and planted 

into pots.  

     Seeds of Mitchell grass were obtained from 

Native Seeds Pty. Ltd, Melbourne and seeds of A. 

farnesiana were collected from Kirramingly. 

Ripened seeds of Mitchell grass placed in to 

germination trays after 1 week they were 

transplanted into pots with various combinations of 

grass and acacia plants. Seeds of acacia were 

scarified and placed into germination trays after 1 

week they were transplanted into pots with various 

combinations of grass and acacia plants. 

     Plants were grown in 80 containers 50 cm high 

and 15 cm diameter filled with sand, a small 

amount of the soil (50 g) was applied to each pot 

for inoculation with Rhizobium bacteria by adding 

the soil and then watering it in. Before experiment 

starts, every pot was added to 20 g fertilizer 

(Osmocote). All pots were watered regularly on 

every two days by using tap water during 

experiment period. The pots were separated 

randomized in the glasshouse. 

     2.3. Plant Measurements  

     Every two weeks intervals, the height of acacia 

and grass ligula, acaia leaf and grass stem number 

was measured. After harvest, shrubs and grasses 

were carefully separated from stem, leaves and 

roots and were dried for 24 h at 800C for dry weight 

determinations. Dry mass of both of them was 

measured and it was used to determine of 

competition between grass and acacia. Grass and 

Acacia roots were carefully separated from the soil, 

and washed with tap water. They were dried in the 

oven for 24 h at 800C for dry weight 

determinations. 

     2.4. Data Analysis 

     Relative growth rate (RGR) was determined 

from the plant height differences at 15 days 

intervals fallowing by using (Ishikawa and Kachi, 

2000). 

 

RHGR = ln (H2 - lnH1)/(t2 - t1)                           (1)                                       

 

     H1 is the plant or stubble height at time t1 and H2 

the plant height at time t2. 

     Relative neighbour effect (RNE) was 

determined from the dry mass following equations 

by using (Oksanen et al., 2006). 

 

RNE= (Wr-Wc)/max (Wr, Wc)                                  (2) 

 

     RNE is relative neighbour effect, Wr is the 

performance of manipulated plants, Wc is 

performance of controls. This index compares the 

total biomass of A. farnesiana in the mix and with 

that grown as controls.  

     We tested before cutting and after cutting 

application. Grasses and acacia was growth during 

17 weeks before cutting applications and than we 

applied to fire that the plants growth during the 16 

weeks. We hypnotized firstly effects of growth 

ratio and relative neighbour effect in between old 

and young plants, before cutting application. This 

was tested using a two and three factor (RGR was 

tested three, RNE was tested two factors) ANOVA 

with RGR and RNE in plants height and above 

ground biomass. After cutting application, the first 

hypothesis to be tested was that burned and 

unburned plants had either any effect or no, and 

same hypothesis also to be tested was to old and 

young plants effects growing. In order to evaluate 

A. farnesiana responses to above and below ground 

ratios, height and leaves number was tested four 

factors ANOVA. The other hypothesis to be tested 

was fire and plant interactions that are effect of 

plant age, burned and unburned plant. 
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     3. Results 

     Old grass tussocks had a stronger effect on 

acacia RGR (height growth) than younger grass 

seedlings after 17 weeks of growth (F(1, 36)= 93.42, 

p>.0001) (Fig. 1). The growth of the older acacia 

saplings was more suppressed than younger acacia 

seedlings in competition with the old grass tussocks 

(Fig. 1). However, there was no interactive effect 

of plant age (F(1, 36)= 1.49, p>ns). Whilst we found 

that old grass tussock suppressed the growth of 

acacia, young grass seedlings facilitated the growth 

of both acacia saplings and seedlings (F(1, 36)= 

5.876, p>0.0205) (Fig. 1). This was shown in the 

RNE where older grass tussock had a negative 

effect on the height growth of acacia seedlings (Fig. 

2). 

 

 

Fig.1 Relative growth rate (height growth) of acacia in 

competition with old and young grass 

 

 

Fig. 3 The mass of grass in competition with old and 

young acacia 

In contrast, the younger grass seedlings had a 

positive effect on the growth of acacia regardless of 

age (F(1, 36)= 6.48, p>0.05) (Fig. 2).  

     Conversely the effect of acacia on aboveground 

grass biomass after 17 weeks of growth was 

positive when grown with older acacia saplings 

(Fig. 3) but the acacia seedlings suppressed grass 

biomass (F(1, 36)= 29.6, p<0.001) (Fig. 3). This was 

shown in the RNE where young acacia suppressed 

the young grass but older acacia facilitated the 

growth of mature grass tussocks (Fig. 4). Overall 

there was no interactive effect of grass age and 

acacia age (F(1, 36)= 1.7, p>0.1). 

 

 

 

 

 

Fig. 2 Relative neighbour effect of grass on acacia.  

 

 

 

Fig. 4 The RNE of acacia on grass growth
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     After remove of biomass and the application of 

fire there was no significant effect of fire on acacia 

growth variables (Table 1). The height and biomass 

of all acacia seedlings were negatively affected by 

competition with grass (Table 1), although the 

older acacia sapling appeared to more negatively 

affected (Table 1) (Fig. 5) and mature grass had a 

stronger effect than the younger grass tussock after 

16 weeks of regrowth competition (Fig. 6). In 

contrast to acacia, the effects of fire on the grass 

tussocks were to reduce the above ground biomass 

of the grass (Table 2) (Fig. 7), and this was 

independent of grass age and acacia age. However, 

there was no effect of fire all the age of grass or 

acacia on the relative neighbour effect for total 

biomass (Table 2), but overall strong competitive 

effect of acacia on grass.  

 

 

 

Fig. 6 The effect of fire on grass tussock aboveground 

biomass 

 

Fig. 5 The RNE of grass on acacia after biomass 

removal. 

 

 

 

Fig. 7 The effect of acacia and fire on grass tussock 

 

Table 1. Summary results of the effect of fire and grass neighbour on acacia growth attributes. 

ns . p > 0.5, * p < 0.05. ** p < 0.01, *** p < 0.001
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Factors DF Height Root length Aboveground Biomass Factors DF RNE 

  F p F p F p   F p 

Fire (F) 1 1.62 ns 0.11 ns 2.69 ns Fire (F) 1 0.20 ns 

Grass Mix (GM) 2 3.86 * 2.00 ns 13.82 *** Grass Age (GA) 1 1.423.45 ns 

Acacia Age (AA) 1 6.76 * 0.33 ns 9.86 ** Acacia Age (AA) 1 3.45 ns 

F x GM 1 3.53 * 0.61 ns 2.07 ns F x AA 1 0.74 ns 

F x AA 2 1.45 ns 0.63 ns 0.002 ns F x GA 1 1.57 ns 

GM x AA 2 0.91 ns 0.89 ns 2.01 ns AA x GA 1 0.09 ns 

F x GM x AA 2 1.50 ns 0.78 ns 1.57 ns F x AA x GA 32 0.01 ns 

Residual 48           
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Table 2. Summary results of the effect of fire on grass growth attributes after remove. 

Factors DF Root length 
Aboveground 

Biomass 
Factors DF RNE 

  F p F p   F p 

Fire (F) 1 0.90 ns 19.84 *** Fire (F) 1 0.21 ns 

Grass Mix (GM) 1 0.13 ns 0.08 ns Grass Age (GA) 1 1.12 ns 

Acacia Age (AA) 2 0.96 ns 0.10 ns Acacia Age (AA) 1 2.05 ns 

F x GM 1 0.99 ns 0.02 ns F x GA 1 1.75 ns 

F x AA 2 0.62 ns 0.04 ns F x AA 1 1.96 ns 

GM x AA 2 1.85 ns 2.86 ns GA x AA 1 0.05 ns 

F x GM x AA 2 2.99 ns 9.09 ** F x GA x AA 32 0.65 ns 

Residual 48         

ns . p > 0.5, * p < 0.05. ** p < 0.01, *** p < 0.001 

     4. Discussion 

     Grass shrubs relationships unknown still 

clearly. But the competitive, facilitative or neutral 

effect between grasses and shrubs relationships 

determines vegetation properties (Higgins et al., 

2000). Plant height and biomass of acacia were 

significantly affected by grass mixture and acacia 

age (Table 1). Grasses and woody plants have 

reciprocal competition and have contrasting growth 

forms. At the beginning of the growth, grass 

tussocks suppressed the acacia seedling and sapling 

but the grass seedlings facilitated the acacia 

growth. This was probably due to the shade effect 

of lack of belowground competition. Because of 

different root niche, trees and/or shrubs are 

assumed to be able to valuable water and mineral 

nutrition from lower soil layers than grasses 

(Cramer et al., 2010). Negative effects include 

suppression of tree and shrub seed germination, 

seedling growth and survival. Tree and/or shrubs 

are generally accepted as ineffective competitor in 

the beginning of growing. Hence, grass and acacia 

age were affected positively plant height and 

biomass of acacia. Researces reported that there are 

positive, negative or neutral effect between grass 

and wody species (Ludwig et al., 2001; Riginos et 

al., 2009). After removing of biomass of the 

regrowth of acacia plants was negatively affected 

by grass especially the mature grass tussock. 

Whilst fire reduced the above ground biomass of 

grasses this did not affect the strong competitive 

performance of grass, because belowground 

competition was stronger. Nano and Clarke (2010) 

showed that shrub seedlings growth dramatically 

decreases in the presence of adult grasses. In 

addition, grass competition and fire effects are 

important in producing shrublands-grassland 

mosaics. Fire can be an important disturbance in 

woodland or shrubland vegetation because it 

reduces grass cover and increases water loss. 

Hence, acacia seedling or sapling growth attributes 

were decreases. 

     Grass above ground biomass was significantly 

affected by fire (Table 2). Grass seedlings were 

also negatively affected by acacia but this was less 

so and some facilitative effect could appears 

established acacia because of especially nitrogen 

transfer grass tussocks. The increase in grass 

biomass when grown with acacia saplings may be 

expected doe to the nitrogen fixation effect. This 

situation must be originated from the grass benefit 

nitrogen fixing ability of acacia. Because the plant 

has nitrogen fixation ability provide a facilitative 

effect on neighbour plants with grown under 

nitrogen poor condition (Erkovan et al. 2008). 

Biomass production was not significantly affected 

by fire after removable of biomass (Table 2). After 

the fire, grass biomass decreased compared to not 

fire. The regrowth of grass was also negatively 

affected by acacia especially the acacia sapling, but 

fire did not effect the strong competition. However, 

firstly after fire at the early stages of plant growth 

may reduce axillary bud number and viability, this 

condition affects plant biomass (Gullap et al., 

2018). Because burned stems regrowth rapidly due 

to effect of nitrogen transfer to the grass from 

acacia growing media.  

     In conclusion, we have shown, that old grass 

tussock suppressed the growth of acacia, young 

grass seedlings facilitated the growth of both acacia 

saplings and seedlings. Older grass tussock had a 

negative effect on the RNE of acacia seedlings 

(Fig. 2). In contrast, the younger grass seedlings 

had a positive effect on the RNE of acacia 

regardless of age. After remove of biomass and the 

application of fire there was no significant effect on 

acacia seedling and sampling The effects of fire on 

the grass tussocks were to reduce the above ground 

biomass of the grass. However, there was no effect 
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of fire all the age of grasses or acacia on the RNE 

for total biomass, but competitive effect of acacia 

on grass. Grass shrubs interactions should be 

investigated further, and examined as an important 

factor such as environment in the field or 

vegetation experiments. 
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