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requirements for the Degree of Doctor of Philosophy. 

The effects of replacing nitrogen fertiliser with gibberellic acid on response of 

perennial ryegrass and white clover pasture 

by 

Melanie Elizabeth Miller 

New Zealand dairy farms are no longer allowed to use high rates of nitrogen (N)-based 

fertiliser to achieve maximum pasture production due to the associated losses of N through 

nitrate leaching and nitrous oxide emissions. Gibberellic acid (GA), a naturally occuring 

phytohormone, has shown in short term studies, to increase, then reduce pasture yield when 

applied exogenously. The purpose of this research was to compare the long term effects of 

substituting N fertiliser with GA on a perennial ryegrass (Loliume perenne, PRG) and white 

clover (Trifolium repens, WC) pasture. A twelve-month, cut and carry plot trial explored dry 

matter (DM) production, botancial composition, ryegrass tiller size and density and forage 

nutritive value. To test these results, several treatment regimens were compared in a grazing 

trial with dairy cows which explored milk production and N excretion.  

Using a randomised block design with ten treatment regimens and four blocks, GA was 

applied to PRG and WC pasture plots to evaluate the timing and frequency of GA use in spring 

and autumn. Gibberellic acid replaced N fertiliser (once, twice or three times) in combinations 

of early (August and February), delayed (September and March) or late (October and April) 

applications. The control treatment was N fertiliser applied at 250 kg N/ha/y, the positive 

control was GA applied with every application of N fertiliser (80 g GA/ha/y + 250 kg N/ha/y) 

and the untreated control had no N fertiliser or GA. The first of ten applications occurred in 

August 2012 and the last in May 2013. Measurements included DM yield, botanical 

separation, tiller counts and nutrient content. 
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Annual herbage yield was 14.6, 18.3 and 18.3t DM/ha/y (P<0.001) for the three 

controls (untreated, GA+N fertiliser and N fertiliser, respectively). By replacing N applications 

with GA, herbage yield declined showing a positive relationship between annual N fertiliser 

application and DM yield. There was no effect of GA on annual yield, nor was there any 

evidence of annual yield reductions associated with frequent GA application under low (100 

kg N/ha/y) or moderate (250 kg N/ha/y) N fertiliser. Applying N early and delaying GA 

application improved the N response in spring (P<0.001), but not in autumn (P=0.28). The N 

response was greater for treatments which received less N fertiliser (i.e. double GA 

applications, 34.6 and 42.3 verses 19.2 kg DM/kg N with N fertiliser), and which received the 

N early (i.e. the GA was applied late). 

In spring, both N fertiliser and GA application saw increases in PRG (69.2 and 64.9%, 

respectively) and decreases in WC content (26.8 and 32.4%, respectively) compared with the 

untreated control (49.0 and 47.5% for PRG and WC, respectively). When expressed as yield, 

under cut and carry conditions, WC growth (948±129 and 1547±3036 kg DM WC/ha, 

respectively in spring and autumn) was relatively unresponsive to either N fertiliser or GA 

application. While PRG, through leaf length and numerical increases in tiller density 

responded positively to N fertiliser (2541 kg DM/ha) and GA (2186±190 t DM/ha), yielding 

significantly (P<0.001) higher than the untreated control in spring (1099 kg DM/ha). Tiller 

density, after three applications of GA was numerically higher (5938 and 6450 tillers/m2, 

respectively) than the untreated control (4900 and 5900 tiller/m2, respectively) but lower 

compared with N fertiliser (7038 and 7663 tillers/m2, respectively). 

Treatment of pastures with GA had only small effects on nutrient content. The crude 

protein (CP) content was most affected by changes in the application of GA and N fertiliser. 

While other nutritive components were less sensitive. In early spring CP of the pasture was 

20.3±1.0% after the application of GA, similar to the untreated control (21.0%) and 

significantly (P<0.001) lower than N fertiliser (23.6%). Subtle changes in fibre content, with 

the application of GA may have been caused by small increases in sheath length in early spring 

(P=0.02), which are more fibrous and less digestible. However, metabolisable energy (ME) 

content (12.2±0.2MJME/kg DM) was not especially sensitive to the application of N fertiliser 

or GA in this study. 
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A grazing study carried out to compare the use of GA or N in autumn (adopting the 

delayed treatment) found no effect of treatment on herbage pre-grazing pasture mass 

(2058±6.9 kg DM/ha, P=0.20), WC (3.6±0.86%, P=0.53), PRG (88.0±2.33%, P=0.24) or CP 

content (17.8±1.60%, P=0.31). All milk yield components: 14.6±0.40 L/day, 1.4±0.09 kg 

MS/cow/day, 5.4±0.33% fat and 4.4±0.21% protein were similar among treatment groups 

(P=0.71, 0.14, 0.16 and 0.06, respectively). Although faecal-N content of cows on GA pasture 

(3.72% N) was higher (P<0.001) than cows on N fertilised pasture (3.45% N) there was no 

treatment effect (P>0.05) on urinary-N content (0.4±0.02% N) or N excretion in milk (101±4.4 

g N/cow/d). The lack of response to GA or N fertiliser highlighted the importance of timing of 

growth promotants for late lactation. 

In this study it was found that, the amount of N applied was more important for DM 

production than how much GA was applied. In spring delayed or late applications of GA, in 

place of N fertiliser was important to avoid N deficiency. While in autumn GA was able to be 

used in place of N fertiliser without affecting DM production. However growing times 

required in autumn may limit the effectiveness of GA on DM production and, consequently 

animal production. 

Keywords: urea, nitrogen fertiliser, gibberellic acid, ProGibb®SG, perennial ryegrass, Lolium 

perenne, white clover, Trifolium repens 
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Chapter 1 

Introduction 

New Zealand dairy farming systems have, over the last two decades, seen increases in average 

herd size from around 250 to 440 cows, stocking rates from 2.6 to 2.9 cows per hectare, and 

annual milk solids (MS) production from around 310 to 400 kg MS/cow corresponding with 

830 to 1140 kg MS/ha (LIC 2021). To achieve profitability, New Zealand’s pastoral systems 

typically target a low cost per unit of production by relying on grazing high yielding 

combination of PRG and WC as the primary feed source (Holmes et al. 1987). The success of 

the system is achieved by synchronising seasonal pasture production, managed for quality, 

with animal feed demand. The synchrony between supply and demand is not seamless. The 

shoulder seasons, spring, and autumn are critical feed deficit periods when pasture growth 

rates are typically low or declining due to cool temperatures and short days. In spring pasture 

supply is equally important as feed demand increases from calving through to lactation. In 

autumn pasture supply drives lactation length and is an important determinant in “drying off” 

decisions. Historically the cheapest means to manage feed deficits and maximise pasture 

supply during the season is through applying N-based fertiliser and grazing in situ. Annual 

pasture production in New Zealand is in the range of 9-17 t DM/ha/y, depending on the region 

(Neal et al. 2019) and summer rainfall variation. Over two decades (1990-2010) the total, 

national N fertiliser use more than doubled to a rate of over 400,000 tonnes/year of, which 

63 % was used in dairy farm systems (Fertiliser Association of NZ 2018). Until recently many 

farmers have relied on rates of up to 400 kg N/ha/y to support pasture production, which far 

exceeded the recommendations of 200 kg N/ha/y (Cameron et al. 2005). Concerns over the 

use of large N applications have been raised and regulations since formulated by regional 

councils working under the resource management act (RMA), with input from independent 

scientists. Consequently, there has been an ideological overlay from government to start 

regulating the use of synthetic N fertiliser on pastoral farms. With the pressure on to reduce 

N fertiliser use, cost effective alternatives to manage feed supply and solutions to reduce N 

loss to waterways and aquifers are sought.  

file:///C:/Users/bryantr/Downloads/rfalshaw,+JNZGV81NEALpp235-240.pdf
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One affordable option, with the potential to increase herbage production without 

environmental side effects is the application of exogenous GA. Gibberellic acid is a naturally 

occurring growth regulator hormone found in flowering plants as well as fungi and bacteria. 

The GA in commercial use today comes from fungi and when applied exogenously, to many 

plant species has been shown to increase DM production through stem and leaf elongation 

as a “de-repressor” of suppressed plant enzymes systems, and essentially “switching off” 

dormancy (Matthew et al. 2009). Early research with GA, in the 1960’s used high application 

rates of over 75 g a.i./ha and while initial yield responses were high, subsequent regrowth 

was reduced. Since then, more recent research has found that when applied at low rates (i.e. 

8 g GA/ha), GA has the potential to produce a similar response in DM production, at a much 

lower cost, and without environmental side effects in both autumn and spring (Matthew et 

al. 2009, Edmeades, 2009, Ball et al. 2012, van Rossum et al. 2013, Zaman et al. 2014 and 

Parsons et al. 2013). Moreover, responses to GA appear to be improved in the presence of N 

availability (Bryant et al. 2016, Ball et al. 2012, van Rossum et al. 2013).  

In previous studies, only one or, at best, two consecutive applications of GA have been 

tested, and generally in short term trials of less than 100 days. No single study, within New 

Zealand has provided information on the effect of timing of application and the cumulative 

effect of low rates of GA on pasture production over an entire season. Moreover, there are 

limited animal studies investigating the impact of applying GA on herbage quality and milk 

yield in response to GA application. In a farm systems context, managing feed supply using a 

product other than N fertiliser during high-risk N leaching periods, would enable farmers to 

meet nutrient budget requirements. The purpose of this research is to investigate the impact 

of GA and N management on DM production, botanical composition, tiller morphology and 

pasture nutritive value of PRG and WC pasture. Further, to determine the value of GA or N in 

late lactation, a grazing trial is conducted to look at animal production responses following 

the application of GA, or N fertiliser in mid to late autumn. 

1.1 Objectives 

The main objective of this research was to determine the effects of replacing N fertiliser with 

GA in spring and autumn on annual and seasonal DM production, botanical composition, 

ryegrass tiller size and density and forage nutritive value. Further to this the effects of 
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replacing N fertiliser with GA in autumn on herbage quality and milk production in late 

autumn were also determined.  

The specific objectives of this thesis were to determine: 

1. The effects of replacing two, four or six applications of N fertiliser with GA in spring 

and autumn (1, 2 or 3 in spring and autumn) on total annual DM production,  

2. The effects of timing (early, delayed or late) of applications of GA on first, second and 

third regrowths in spring and autumn, 

3. The effects of replacing N fertiliser with GA on PRG and WC contribution to spring and 

autumn pasture production, 

4. The effects of replacing N fertiliser with GA on PRG tiller size and density in spring and 

autumn, 

5. The effects of replacing N fertiliser with GA on pasture water soluble (WSC), acid 

detergent fibre (ADF), neutral detergent fibre (NDF), CP and ME content in spring and 

autumn,  

6. The impact of using GA in late lactation on pasture production, milk yield and N-use 

efficiency for milk production. 

1.2 Hypothesis 

The following hypothesis were tested in four experiments comparing the use of N fertiliser 

with the alternative, GA in place of N fertiliser from two to six times per year. These were 

examined as hypotheses that could potentially reduce the amount of N fertiliser used per year 

and therefore directly reducing one of the main N inputs that lead to N losses in New Zealand.  

The null hypothesis is that the frequency and timing of GA plant growth hormone in 

place of N fertiliser will not alter pasture production or reduce N inputs into the dairy 

systems.  

• There is no difference in pasture production when GA is applied on multiple 

occasions in spring or autumn 

• There is no difference in PRG or WC contribution or tiller size and density when GA is 

applied on multiple occasions in spring or autumn 
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• There is no difference in nutrient composition or digestibility when GA is applied on 

multiple occasions in spring or autumn 

• There is no difference in N intake, milk production or N excretion when dairy cows 

graze pasture where GA has been applied in autumn. 

1.3 Thesis Structure 

This thesis is presented in seven chapters. In Chapter 2 a literature review discusses New 

Zealand dairy production systems and the role of N fertiliser in pasture production and, 

consequently N losses, which are of concern for the environment. Mitigation strategies, to 

reduce N losses are reviewed with particular interest in the use of GA, a plant growth 

regulator hormone, in place of N fertiliser. Chapters 3, 4 and 5 report on an outdoor plot trial 

experiment conducted over 12 months, from August 2012 to June 2013. Chapter 3 compares 

the effect of timing and frequency of GA application on seasonal and annual DM production 

with the standard practice of N fertiliser application (250 kg N/ha/y). To investigate frequency 

N fertiliser was replaced with GA two, four or six times, annually (16, 32 or 48 g GA/ha/y, 

respectively, half in spring and half in autumn) which achieved reduced N fertiliser rates of 

200, 150 or 100 kg N/ha/y. To investigate the effects of timing N fertiliser was replaced in 

early, delayed or late spring and autumn, or in a combination of early/delayed, early/late, 

delayed/late or early/delayed/late spring and autumn. Chapter 4 compares the effects of 

replacing N fertiliser, once, twice or three times with GA, in spring and autumn on the PRG, 

WC, weed and dead material content of the pasture. Chapter 5 compares the effects of 

replacing N fertiliser, once, twice or three times with GA, in spring and autumn on the forage 

nutritive value of pasture. Chapter 6 compares the effects of GA application, on pasture 

quality and milk production in dairy cows, in autumn with N fertiliser. Finally, Chapter 7 

contains the general discussion to better synthesise findings from all four experiments , and 

discusses implications and limitation to the experiments as well as suggestions for future 

work.  
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Chapter 2 

Literature review 

2.1 New Zealand dairy production systems 

Global demand for animal products has driven dairy production in New Zealand, where New 

Zealand is the world leading exporter of whole milk powder and butter (OECD/FAO, 2021). 

Maximum milk production from New Zealand dairy farms has been achieved at high stocking 

rates (2.9 cows/ha) and the use of high rates of N-based fertilisers (200 – 400 kg N/ha/y) for 

increased pasture production. However, the extensive use of N-fertiliser has implications on 

the environment by supporting high stocking rates, producing animal excreta, such as urine, 

which is a pollutant through both nitrate leaching, into waterways and nitrous oxide to the 

atmosphere. Nitrogen has a negative impact on water quality in aquifers, lakes and rivers 

(Ledgard et al.1999). High levels of nitrate detected in drinking water (i.e. more than 50 mg/L) 

is considered high risk and unsuitable for human consumption (Ministry of Health 2022). 

While nitrous oxide is classified as the fourth most potent greenhouse gas and agriculture 

contributes to 40% of global nitrous oxide emissions (Whitehead et al. 2015).  

Despite guidelines, current fertiliser management strategies result in pasture with 

very high N content which is generally surplus to the N requirements of the animals, even 

during peak production (de Klein et al. 2010, Bryant et al. 2010, Pacheco et al. 2010). In a 

typical pasture at a pre graze mass of 3 t DM/ha the optimal herbage N content for growth 

would be 3.3% (Lemaire et al. 2008). Typically the N content of pasture is less than this and 

therefore, N fertilisers are an effective tool for improving seasonal pasture production. 

However, the optimum N concentration for the diet of a ruminant is, lower at around 2.5% N, 

equivalent to a CP concentration of 16%. Crude protein is made up of both true and non-

protein N (NPN). The NPN fraction includes nitrates, free amino acids, peptides and secondary 

metabolites, and is four times greater on pasture fertilised with 300 kg N/ha/y compared with 

100 kg N/ha/y (Gregorini et al. 2010). Most of the plant protein (70%) is rapidly degraded in 

the rumen to form ammonia which can then be utilised for microbial protein synthesis, 

providing there is enough energy (fermentable carbohydrate). However, when the dietary 

protein supply exceeds that of the energy an excess of ammonia is produced in the rumen 
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and is absorbed into the blood. This ammonia is transported to the liver and gets converted 

to urea and most is then excreted in urine. Nitrogen loading from urination is variable, but a 

single urine patch can result in an equivalent rate of 700-1000 kg N/ha in dairy pastures 

(Haynes et al. 1993). Plants can utilise both urinary N and fertiliser N for growth, but the often 

large, unused proportion is lost from the system. In particular, urinary-N, deposited in autumn 

presents a high risk of N leaching due to low plant N uptake and high drainage (Selbie et al. 

2014). The challenge for New Zealand dairy systems is managing pasture production to 

synchronise feed supply with demand while limiting N fertiliser use and reducing the 

subsequent N losses from urination. Development of mitigation tools and strategies has 

become an important area of research to seek ways to reduce the environmental impact of 

dairying and ensure consumers continue buying agricultural products in an increasingly, 

environmentally conscious society. The cycling of N through the system is complex and 

solutions will undoubtedly require the integration of mitigation strategies involving, plant, 

animal, soil and atmosphere. Some progress has been made in individual areas but historically 

the reduction in loss per unit of production has been offset by an increase in total N loss (de 

Klein et al. 2010). In the Netherlands, nutrient accounting was used to control nutrient use 

and taxes were placed on nutrient surpluses (Ledgard et al. 1997). More recently, and within 

New Zealand, regulatory measures are being put in place to limit N loss, and while science 

searches for new technologies to reduce N, it is also important to review existing technologies 

with an alternative perspective. In this way adoption is likely to be more rapid and reductions 

in N loss can occur quickly.  

This review looks at the use of GA as a potential substitute for N fertiliser. The 

mitigation strategies available for N losses from pasture-based systems are also discussed and 

some covered in more detail in a review by de Klein et al. (2010). These strategies include 

reducing N inputs, better utilisation of N within the farm system and recapturing or reusing N 

before it enters the waterways. They range from those that are well understood to those that 

are still being developed and those which are still theoretical. The aim of this review is to 

determine where information is lacking in our understanding of how GA can be integrated 

effectively as an N-loss mitigation tool and use this review to indicate gaps in research where 

further work is required. 
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2.1.1 Mitigation strategies 

Reduce nitrogen inputs 

While mitigation strategies continue to be investigated (de Klein et al. 2010, Whitehead et al. 

2015 and Bryant 2019) a key driver to reduce N surplus is to reduce N inputs. Inputs include 

N-based fertiliser and excreted N in urine and faeces, of which urinary-N is the main 

determinant of nitrate leaching losses (Cameron et al. 2013). Quantity and concentration of 

N in urine is positively associated with nitrate leaching because urinary N gets converted to 

nitrate and readily leached from soil through drainage after rain fall or irrigation (Li et al. 2012, 

Buckthought et al. 2015). Reducing stockings rates would be an obvious way to reduce N 

inputs, from both N fertiliser and urinary-N, but this typically comes as a loss in profit 

(Howarth et al. 2016), unless productivity can be maintained with fewer animals, (i.e. through 

strategies such as improved breeding). For example, animal productivity is greater in high 

genetic merit cows or cows with greater feed conversion efficiency, but high genetic merit 

cows also have the potential to excrete more N due to higher dietary N intakes compared 

with lower genetic merit cows (de Klein et al. 2010).  

An alternative would be to reduce N excretion from each animal through strategies 

such as diet manipulation. Excess dietary N, which is common in PRG/WC diets gets excreted 

in urine and faeces and represents an inefficient use of N. Hoekstra et al. (2007) details three 

key areas in the animal where diet has the potential to reduce urinary-N excretion (Figure 1). 

Of these the most direct method is to reduce the N content of the diet to provide a better 

match between protein supply and animal demand. Lower N diets could be achieved by 

offering a low N supplement such as maize silage or barley silage or by reducing the N content 

of the pasture. Pacheco et al. (2009) showed the partitioning of N in dairy cows offered 

standard PRG in early verses late lactation (Table 1). Urinary-N excretion increased from 215 

g N/day in spring to 290 g N/day in autumn reflecting the increase in N intake between 

seasons. It has been shown that grazing management strategies such as pasture re-growth 

interval and time of day when fresh pasture is allocated can effectively influence N content 

of pasture and subsequent N excretion (Bryant et al. 2010).  

Reducing the use of N fertiliser is another way to reduce N input. However, pasture 

production would be limited and therefore, other ways to maintain or improve pasture 

production need to be developed. A recent push to regulate N fertiliser use, on farms, in New 
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Zealand, has seen the government impose N-caps to limit the use of N fertiliser on New 

Zealand farms to no more than 190 kg N/ha/y. Development of alternative fertiliser strategies 

or growth promotants are now of particular interest. This review investigates the opportunity 

to use GA, a naturally occurring growth hormone as one such growth promotant. 

Figure 1 simplified schedule of nitrogen digestion by bovines and pathways to improve 
nitrogen efficiency. (1) Matching protein supply to animal requirements; (2) balancing and 
synchronising carbohydrate and nitrogen supply in the rumen; (3) increasing the proportion 
of rumen undegradable protein (Hoekstra et al. 2007).  

Image removed for Copyright compliance. 
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Table 1 estimated nitrogen (N) intake, it’s partitioning between urine, milk and milk urea-N 
concentration in milk for the ‘standard’ ryegrass impact (STG) for grazing trials in spring 2007 
and autumn 2008. SED = standard error of the differences. Standard error of the difference 
= SED. (Pacheco et al. 2009) 

 

Improved nitrogen use efficiency 

Nitrogen is required by pastures at greater concentration than any other essential nutrient. 

Pasture N requirements can be met from mineralisation of soil organic N, N-fixation by 

legumes (100-300 kg N/ha/y), recycling in animal excreta or application of N fertiliser. 

Imported N (other than from N fixation) is primarily through fertilisers and supplements 

brought in. While N loss is up to a third from that in animal products, such as milk and meat, 

N lost to the environment still accounts for 33 to 45% of total farm N inputs (Ledgard et al. 

1997). As noted above, N loss occurs when there is more N in the system than can be utilised 

by the plant or animal. High CP pastures in New Zealand form the basis of high N diets 

consumed in New Zealand dairy grazing systems. Any CP not utilised for production will be 

excreted in urine or faeces (Lapierre et al. 2001) with urine as the major source of N excretion 

in dairy cows (Kebreab et al. 2001). Most of the dietary CP is rapidly degraded in the rumen 

into amino acids and ammonia. With sufficient energy from degradation of dietary fibre and 

WSC the amino acids and ammonia can be utilised by rumen bacteria for synthesis of 

microbial protein (Hoekstra et al. 2007). However, as stated above, with insufficient energy 

an excess of ammonia is produced and consequently urea in the liver. Some of the urea is 

utilised in milk production (as protein or non-protein N, Pacheco et al. 2010), but up to 80% 

of the urea is lost in the urine (Kebreab et al. 2001). Microbial protein and rumen 

undegradable protein (RUP) can be digested in the small intestines and utilised for production 

Image removed for Copyright compliance. 
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(meat and milk), while the undigested portion gets excreted in faeces. The greatest 

opportunity to improve N use efficiency is to reduce urinary-N or increase productive N 

output (Higgs et al. 2013). In grazed pasture systems where herbage CP content is naturally 

high the utilisation of dietary N for production is low and a substantial proportion (>70%) is 

lost through excretion (Ledgard et al. 2009). Manipulating the diet to reduce N intake or 

improving the synchrony between energy and protein supply to the rumen could be one way 

to reduce N losses from dairy production systems. High sugar diets (Edwards et al. 2007) and 

time of day and regrowth period (Bryant et al. 2010) have been investigated as ways in which 

to improve synchrony between energy and protein as has manipulation of dietary N to 

improve N use efficiency through diet. In one study, Woodward et al. 2000 found that feeding 

forage containing condensed tannins, such as Lotus conriculatus silage to dairy cows during 

lactation increased milk solids production by 46%.  While Misselbrook et al. (2005) and Powell 

et al. (2009) have indicated reduced N excretion in urine and increased excretion in faeces 

when cattle were fed Lotus spp. silage during lactation.   

Fertiliser application and urine patches have a large influence on N losses from New 

Zealand dairy systems. Within a urine patch there is typically an excess N supply which is 

leached from system, through the soil as nitrate, while there is still an N-deficiency in the 

inter-patch areas. From applied fertiliser, under less favourable conditions (i.e. no rainfall or 

excessive rainfall/waterlogged soil) unutilised N can be lost to the atmosphere as a 

greenhouse gas, mainly nitrous oxide through volatilisation and denitrification. The best 

utilisation of urinary-N and fertiliser N occurs when the conditions for pasture production are 

favourable. Poorly timed applications of fertiliser can, therefore, increase surplus N in the soil 

and consequently increase the risk of N losses. For example, 50 kg N/ha applied in autumn or 

winter, under New Zealand conditions can result in leaching losses of 23-42% of the N applied 

(Cookson et al. 2001). The links between fertiliser application, DM production, N intake, 

animal production and N excretion makes the relationship between N inputs and losses 

complex. Current recommendations for N fertiliser applications aim to improve N use 

efficiency by maximising DM production per unit of N applied to reduce excess N and 

consequently the risk of N losses.  

Effluent disposal practices have also been designed to allow for appropriate recycling of 

nutrients back to the system. However, this does not suit all soil types and needs to be 
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considered carefully (de Klein et al. 2010). Another strategy is to avoid the deposition of urine 

patches during autumn and winter, just before the onset of drainage. This can be achieved by 

removing animals from pasture for a length of time, collecting the effluent and applying it to 

the pasture at a more appropriate time such as during spring and summer. This is sometimes 

referred to as a “hybrid” system and is common in New Zealand and Australian pasture 

systems (de Klein et al. 2010) on strategic, short-term basis. Nitrification inhibitors can also 

be used in the soil to delay the transformation of ammonia to nitrate and therefore keeping 

the N in a plant available form for longer and reducing the risk of nitrate leaching (de Klein et 

al. 2010). Applications of the inhibitor that target animal urine patches deposited when 

periods of drainage occur have reduced N leaching losses from grazed pasture by up to 55%. 

Although the results can very these inhibitors appeared to be a promising method for 

reducing N loss.  

Improved nitrogen recycling  

The main strategy to capture or reuse N is to have animal housing systems where the 

opportunity exists to capture urine and re-use it when leaching risk is low (i.e. the hybrid 

system). However, Australasian systems are likely to remain largely based on the current low-

cost PRG/WC grazing systems with or without partial confinement (‘hybrid’ systems), rather 

than total confinement such as a typical system in the northern hemisphere. The other option 

is to remove N during the transport process of N from land to water. The main N attenuation 

tools currently available have been reviewed by McKergow et al. (2007) and include: riparian 

management, natural and constructed wetlands, and denitrification walls. The effectiveness 

of wetlands for removing N varies considerably, depending on their ability to intercept and 

modify flow pathways. Denitrification walls are limited by soil type which influences their 

ability to intercept sub surface flow (de Klein et al. 2010). 

The biggest challenge on pasture-based dairy farms is to minimise N loss from urine 

deposited on the pasture. Modelling predicted that current mitigation strategies can create 

more N efficient systems, but this is offset by further intensification of the systems, which in 

turn increases total N loss (Jensen et al. 2005, Basset-Mens et al. 2006). Increasing 

productivity while reducing the environmental footprint can only be achieved by refining the 

effectiveness of current mitigation options or through the development of new options. 
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2.2 Nitrogen fertiliser 

2.2.1 Nitrogen fertiliser on dry matter production 

Insufficient soil N in NZ grass-dominant pastures is the primary limiting factor of production 

and so pastures have responded well to N fertiliser. While, in early stages research focused 

on the effects of N fertiliser on DM production, herbage quality, pasture composition and 

technology for N fertiliser use, over time interest has shifted more towards the efficient use 

of N fertiliser with the aim of reducing the N volatilisation and leaching losses and subsequent 

effects of N on the environment.  

Nitrogen, in the form of nitrate or ammonia in the soil is taken up rapidly by the plant, 

through the roots and utilised for growth and development (Sun et al. 2008b). It is an essential 

element of all the amino acids in plant structures which are the building blocks of plant 

proteins, important in the growth and development of vital plant tissues and cells. It is a 

component of nucleic acid that forms DNA. It is a component of chlorophyll which is essential 

for carbohydrate formation by photosynthesis. Thus, plants with sufficient N will experience 

high rates of photosynthesis and typically exhibit vigorous plant growth and development. In 

a typical pasture at a pre graze mass of 3 t DM/ha the optimal herbage N content for growth 

would be 3.3% (Lemaire et al. 2008). Therefore, N fertiliser has been an important and 

effective tool for improving seasonal pasture production.  

Dry matter production can be improved with applied N up to a maximum at around 

500 kg N/ha/y (Ledgard et al. 2009). Nitrogen losses, through volatilisation and denitrification, 

which converts applied N into gases (NH3, N2, and N2O) and nitrate (NO3-), respectively 

increase with increasing rates of applied N (Ledgard et al. 1997) and are greatest when 

pasture growth is low or N fertiliser is applied in poor conditions. Best practice guidelines 

(Cameron et al. 2005) suggest that the optimum ‘response rate’ is achieved when N is applied 

at individual application rates of between 20-40 kg N/ha, giving production increases of 

around 12 kg DM/kg N. The response rate is dependent on the amount of N available in the 

soil, soil temperature, plant growth rate, moisture and the rate of N applied (Cameron et al. 

2005). In Southland, New Zealand pasture receiving 50 kg N/ha had responses of up to 23 kg 

DM/kg N in early spring and up to 20 kg DM/kg N in autumn (Smith et al. 2000). Harris et al. 

(2010) reported response rates of up to 20 kg DM/kg N with 200 kg N/ha/y compared with 
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the untreated control pasture. Typical responses on New Zealand dairy farms range from 5-

15 kg DM/kg N applied (Moot et al. 2007). 

2.2.2 Nitrogen fertiliser on botanical composition 

Perennial ryegrass and white clover respond differently to N fertiliser and therefore pasture 

composition affects the N response. In mixed pasture, the grass is more efficient at taking up 

fertiliser N from the soil than legumes (Harris et al. 1996). Legumes obtain N via fixation, by 

Rhizobia bacteria and so respond less to N fertiliser than grasses (Ball et al. 1982). The more 

efficient use of N by ryegrass leads to increased ryegrass growth and competition between 

the species, particularly for light, but also water and nutrients is increased. Consequently, 

ryegrass overtops clover, resulting in a reduced clover content (Harris et al. 1996). Harris et 

al. (1996) suggested that N rates closer to 200 rather than 400 kg N/ha/y may be more 

desirable for both total pasture growth and clover persistence. A long-term effect, and 

concern, from the use of N fertiliser on New Zealand pastoral farms, is the process of soil 

acidification which occurs in legume-based pastures because of nitrate leaching (de Klein et 

al. 1997). Soil acidification can result in production loss from the toxic effects of mainly 

aluminium and manganese on plant growth (Ritchie 1989), and therefore the problem is 

usually corrected by the application of lime. Therefore the application of N fertiliser may 

impact botanical composition through changes in soil pH.   

2.2.3 Nitrogen fertiliser on herbage nutrient concentration  

The nutrient composition of N in herbage is important – not just for the plant growth itself, 

but for managing N recycling by animals. For optimal plant growth in perennial grasses, the 

critical N content (%) is 4.8 x biomass (t DM/ha)-0.33 (Lemaire et al. 2008). In a typical pasture 

at a pre graze mass of 3 t DM/ha the optimal herbage N content for growth would be 3.3%, 

while for most grazing dairy cows the optimal N would be 2.9% N. Though throughout the 

growing season, PRG/WC pastures can contain from 2.9-4.5% (Martin 2018, Parsons et al. 

2013). In grasses the initial N uptake, within two to three weeks after N applications, is rapid 

and faster than the rate used by the plants for growth and therefore plant N concentration 

increases. However, three or more weeks after the application of N fertiliser the N 

concentration in herbage decreases (Sun et al. 2008b). New Zealand PRG/WC pastures are 

typically high in N content and the application of N fertiliser can increase herbage N 
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concentration, through increases in N concentration of the RG component, more so than in 

the WC component. Because the major portion of N is in cellular content (rather than cell 

wall, factors which increase N content in herbage tend to reduce the soluble carbohydrate 

content (Bryant et al. 2016, Martin 2018). Digestibility typically remains unchanged with N 

fertiliser (Sun et al. 2008).  

2.2.4 Nitrogen fertiliser and animal performance  

Animal feeding trials comparing production responses to different rates of N fertiliser have 

been carried out in both short- and long-term studies. Mackle et al. (1996) compared milk 

yield and milk composition of early lactation cows grazing pastures which had received a high 

(100-150 kg N/ha) or low (25 kg N/ha) rate of N fertiliser. They showed subtle but statistically 

lower milk yield from cows consuming the high N fertiliser treatment which may have been 

due to lower DM intake on the high N pastures. Similarly, in the same Waikato region as the 

Mackle study, a long-term comparison of farmlets operated with or without N fertiliser 

showed greater per cow milk yield on the no N farmlet over a season, but lower per hectare 

milk yield due to lower stocking rate at no N (Glassey et al. 2013).  

In the animal excess dietary N is converted to urinary N and consequently becomes a 

source for higher rates of N leaching. Alternatively, when plant growth rates are low such as 

in autumn and winter, applied N, and excreted N is not utilised by the plants. It remains in the 

soil which can then be mineralised and leached during high rainfall events (Selbie et al. 2014) 

or volatilised into the atmosphere. 

2.3 Gibberellic acid  

2.3.1 Background 

Gibberellins are naturally occurring growth hormones found in flowering plants, fungi and 

bacteria. The earliest documentation dates to Japanese researchers in the 1920s investigating 

a disease in rice known as “bakanae” or foolish seedling disease (Fusarium fujikunoi). In later 

stages of the disease there is severe necrosis of the basal tissue in plants and the seedlings 

become weak and dies. It was discovered that responses like that of the diseased plants could 

be induced when extracts of the fungus Gibberella fujikuroi were applied to healthy seedlings 

(Brian at al. 1954, Morgan et al. 1958). After World War two there was a global increase in 
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the interest of the development of food production and for three decades, from the 1950s to 

the 1970s agricultural centres were established. Technologies such as using plant growth 

hormones like gibberellins to stimulate pasture production were investigated. Paleg 1965 

reviewed the mechanism and mode of action of the 13, known gibberellins which fell into 

three distinct groups based on their chemical structure (Figure 2). Gibberellic acid, often 

abbreviated to GA3 was isolated from several different sources and became the most widely 

used in physiological studies. By the late 1970s over 50 gibberellins had been discovered 

(Salisbury et al. 1978) and, in 2003 there were 126 identified (Heddon 2003) and more 

recently 136 different gibberellins from higher plants, fungi or bacteria (Gao et al. 2020). 

The main responses observed from the application of GA are stem elongation and leaf 

expansion, promotion of germination of dormant seeds, promotion of growth of dormant 

buds, induction of flowering in biennials, induction of flowering in long-day annuals grown 

under short days and stimulation of reserve mobilisation in seedlings (Matthew et al. 2009). 

In nature GA is involved in activating dormant enzyme system and participating in most stages 

of plant growth and developmental (Heddon et al. 2000). It has been suggested that 

gibberellins can be thought of as re-depressors, that trigger, through a “signally pathway” the 

degradation of “DELLA” proteins which are substances that exercise growth restraints 

(Schwechheimer 2009). Exogenous application can, therefore, stimulate out of season 

production and usually improves initial DM yields (Matthew et al. 2009). Until recent decades 

the production cost of gibberellin-based stimulants was high, and responses were 

uneconomical for pastoral systems (Percival 1980) and so GA was mainly used in horticulture 

and fruit industries. 
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Figure 2 chemical structure of gibberellins (Paleg 1965) 
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Historical application rates of GA were high and ranged from 25-700 g a.i./ha, but it 

was later discovered that response rates were better and more economical at much lower 

rates of GA. Response rates decreased per additional gram of active ingredient applied and 

so, unlike the high rates used in the past it was found that 10 g a.i./ha or less were more 

beneficial for pasture growth (Matthew et al. 2009). With cheaper costs of production and 

lower application rates there became a renewed interest in the use of GA in pastoral systems 

as a potential growth stimulant to assist with matching seasonal feed supply and demand 

(Matthew et al. 2009). GA is still the main commercial gibberellin-based pasture stimulant on 

the market and is made up in a 40% formulation, commonly sold under the trade name 

ProGibb® SG. Although there are now several other GA-containing products sold 

commercially for agriculture, the Nufarm product remains popular. The instructions for 

application in New Zealand (Nufarm 2009, Edmeads 2009) included the following principles: 

• Apply at 8 g a.i./ha (20g/ha ProGibb) in 100-200 litres water/ha with a non-ionic 

surfactant at 25 ml/100L water, best suited to rotational grazing systems, 

• No more than 6 applications per year, 

• Use to accelerate pasture growth when soil temperatures are limiting (i.e. at soil 

temperature from 5-16°C), but may not be economic at very low temperatures, 

• Adequate soil moisture and nutrients need to be available to support an increase in 

pasture growth, 

• Must be applied within 5 days of grazing dairy pasture,  

• Do not apply to newly established pasture (i.e. less than a year old). 

The success of GA will show in its contribution to manipulating plants to overcome 

‘strategy limitations’ for resource use (Ball et al. 2012, Parsons et al. 2013) and its 

effectiveness in optimising farm management systems (Matthew et al. 2009) while reducing 

N inputs and N losses. Specifically, by extending the growing season in spring and autumn 

through improved DM production with reduced N input and potentially reduced N losses.  

Early studies showed some side effects to the application of GA. After the initial yield 

increase there is often a diminished response to the application of GA (Morgan et al. 1958, 

McGrath et al. 1976 and Biddiscombe et al. 1962) which indicates that there are residual 

effects (Finn et al. 1959). The late-yield depression is likely due to plant reserve utilisation in 
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winter (Mitchell, 1956), increased shoot to root ratio, accentuated with reduction in root 

growth when N fertiliser is applied (Champéroux, 1962), decreased tillering and number of 

seed heads, and increased apical dominance. Increased production through the ‘mobilisation 

of reserves’ would intuitively mean subsequent growth would be compromised. It is 

recommend not applying ProGibb® SG more than six times a year. A yield depression can also 

occur with multiple applications of GA (Bryant et al. 2016) but the application of N in 

combination with GA can combat this (van Rossum et al. 2013, Zaman et al. 2014) and is 

recommended to maintain soil N levels to sustain the extra production and get the full benefit 

from ProGibb® SG. The application of N with GA can produce excellent forage and has an 

additive effect on DM production (van Rossum et al. 2013, van Rossum 2013, Zaman et al. 

2014). However, in one extreme situation the application of GA had no significant effect on 

herbage yield or N uptake of PRG/WC when GA was applied with urine (700 kg N/ha) (Woods 

et al. 2016). Blacklow et al. (1971) suggested that the tiller reduction was due to a gibberellin-

related increase in auxin which increased apical dominance. 

Another characteristic observed, following the application of GA is the yellowing of 

the foliage, within days and becoming less obvious with time. Blacklow et al. (1971) identified 

a 50% reduction in chlorophyll levels in two varieties of tall fescue, following the application 

of GA. Despite lower levels of chlorophyll, it was speculated that there is an increase in the 

rate of photosynthesis (Brian et al. 1954, Treharne et al. 1968) following the application of GA 

leading to better utilisation of available N (Champéroux, 1962).  

2.3.2 Gibberellic acid effects on dry matter production 

Dry matter production 

The review from Matthew et al. (2009) selected experiments conducted between 1957 and 

2009 across different pastoral systems in The United States, United Kingdom, Ireland, Canada, 

France, Australia and New Zealand evaluating 72 GA responses found in legumes, grasses and 

herbaceous species. Across those 72 studies an increase in sward surface height 3-4 weeks 

after application was almost universally observed. The average, initial GA induced yield 

increase was around 500 kg DM/ha with the highest responses close to 2000 kg DM/ha. In an 

additional experiment with ryegrass swards, and with careful measurements from small plots 

Matthew et al. (2009) found that after the application of GA in spring there was an increase 
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in herbage height relative to untreated controls without N fertiliser but no increase in DM 

production when plots were grazed a month after initial application. Following a second, 

month long regrowth interval, after initial application, there were no residual effects of the 

GA detected on yield, but the plots treated with GA and without N showed a tendency to low 

yield and low PRG tiller density suggestive of second cut yield depression reported in earlier 

experiments. Response to GA declines over time and recommended grazing time is within 4 

weeks of application (Edmeads, 2009).  

A summary of more recent studies is in Table 2. Studies conducted in New Zealand, 

with PRG/WC show pastures yield increases of 210-1200 kg/ha in response to the application 

of GA at a rate of 20g a.i./ha have been noted along with an average response of 427 kg 

DM/ha compared with untreated controls without N fertiliser applied (van Rossum et al. 

2013, van Rossum 2013, Zaman et al. 2014). From the same set of trials, the response to the 

application of 40 kg N/ha, as urea, relative to unfertilised pasture not treated with GA ranged 

from 40-767 kg DM/ha compared to untreated controls, with a mean response of 384 kg 

DM/ha. The commercial company NuFarm (Edmeades, 2009) undertook 35 replicated field 

trials across New Zealand. GA was applied at the rates recommended by the supplier and 

within 0-5 days of grazing. The result was an increase in average production relative to that 

for untreated controls, without N fertiliser of 36% with a range of 12-63%. In cases where GA 

is applied with N fertiliser the effects have been shown to be additive (van Rossum et al. 2013, 

van Rossum 2013, Zaman et al. 2014). In early spring Bryant et al. (2016) observed DM yield 

increases of 407 kg DM/ha and 217 kg DM/ha, above ground level after one application of GA 

or N fertiliser, respectively in early spring. After a second application of GA there was no 

change in DM yield but there was an increase in DM yield after two applications of N 

compared with untreated plots. Almost all the research carried out comparing pasture 

response to GA are based on measurements across only one or two regrowth intervals. Little 

is known about the long-term effect on DM yield, particularly if GA is used frequently within 

a farm system. 
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Table 2 summary of recent experiments in New Zealand investigating perennial ryegrass and white clover pasture (PRG/WC) response to 
gibberellic acid (GA), in chronological order. 

Author(s) Details; application date Rate(s) GA applied (g/ha) Duration of 

regrowth (days) 

Initial response range (kg DM/ha 

increase cf. control) 

Jiang et al. 2011 Canterbury, PRG/WC pasture 

plots; August and September 2010 

8 Four weeks 180-320 

Van Rossum et al. 2013 Canterbury, PRG/WC pasture 

plots; March 2011 

24 Four weeks 465 

Ghani et al. 2014 Waikato, PRG/WC pasture plots; 

September 2012 

20, 30 29 days 410, 710 

Zaman et al. 2014 Five sites across New Zealand; 

PRG/WC pasture plots; April and 

September 2012 

20, 30 29 days 410, 430 in April and 510, 710 in 

September 

Bryant et al. 2016 Canterbury, PRG/WC pasture 

plots; August 2009 

8 33-41 days 360 or 410 at mowing height or 

ground level, respectively 

Miller et al. 2021 Canterbury, PRG/WC grazed 

pasture; March-April 2014 

8 Four weeks No response 
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Seasonality of production 

Early studies demonstrated that responses to the application of GA were greatest in winter 

and early spring (Matthew et al. 2009) however, there was no clear consensus between 

studies as to which season gave the best response. Exogenous application of GA has been 

shown to promote the long day effect in perennial ryegrass allowing it to grow sooner than it 

would naturally (MacMillan et al. 2005). In recent studies responses to GA have been seen in 

late winter, early spring and autumn (Zaman et al. 2014, van Rossum et al. 2013). It is likely 

that the effectiveness of the application of GA on promoting herbage production is more 

pronounced in early spring and late autumn when the activation of endogenous levels 

regulated by phytochrome-sensed changes in photoperiod (Kurepin et al. 2011) is limited by 

lower temperatures (Kurepin et al. 2013). Seasonal changes in plant developmental state also 

influence the potential response of perennial ryegrass to exogenous GA application (Ball et 

al. 2012, Parson et al. 2013).  

2.3.3 Gibberellic acid effects on botanical composition 

Few studies have compared the responses of different species to GA within the same trial. 

Early work with C3 grasses showed that PRG was not as responsive to GA (Finn et al. 1958). 

For instance, when GA was applied to old pasture, the percentage of PRG decreased from 

63% to 53% in favour of the other grass species (McGrath et al. 1976). In legumes it has been 

noted that there may be reduced nodulation with the application of GA (Thurber et al. 1958) 

but this is not always the case (Fletcher et al. 1958). The herbaceous plants chicory (Chicorium 

intibus L.) and plantain (Plantigo lanceolate L.) showed positive responses (Wittwer et al. 

1957) when GA was applied in spring as the plants were approaching their reproductive stage.  

The responses observed with GA on pure swards may not be a true indicator of what 

might happen in the field when the plants are exposed to inter-species competition. 

Biddiscombe et al. (1962) reported a reduction in subterranean clover (Trifolium 

subterranean L.) in Phalaris-dominated pasture plots treated with GA compared with 

untreated plots. Van Rossum (2013) observed an increase in both WC and PRG after the 

application of GA in spring and autumn. However, when expressed as a relative percentage 

WC was higher in autumn (33% instead of 29%) and spring (17% instead of 12%) in the plots 

treated with GA. Bryant et al. (2016) found there was a positive effect of GA on total PRG and 
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WC yields, although, because PRG DM yields also increases there was no GA effect on the 

proportion of WC. In contrast N fertiliser application reduced WC proportion while increasing 

PRG proportion. In a further study van Rossum et al. 2013 found that the effect of GA was 

dependent on the sensitivity of the base grass to the treatment relative to that of either herbs 

or legumes in the mixture. The base grasses were PRG or tall fescue and the mixes were either 

simple; base grass plus WC or multi-species; base grass plus WC, chicory and plantain. 

Application of GA increased the percentage of WC in all mixtures except the tall fescue mix, 

where a strong response to GA by tall fescue resulted in a reduction in WC. Compared with 

the same pasture types receiving N fertiliser the proportion of herbaceous species in the 

multi-species mixtures increased after the application of N but didn’t change after the 

application of GA (van Rossum et al. 2013). It was concluded that the application of GA to 

mixed pastures is likely to increase the DM production of most species. The enhancement of 

DM production by legumes may result in an increase in the proportion of legumes and this in 

contrast to the application of N fertiliser which enhances the growth of grasses, leading to a 

reduction in the proportion of legume in the sward. A lot of the research carried out so far, 

comparing pasture response to GA is based on measurements across only one or two 

regrowth intervals. Less is known about the long-term effect on botanical composition, 

particularly if GA is used frequently within a farm system. 

Another consideration is the effects of GA on sward characteristics. Changes include 

grass leaves appearing longer and thinner while clover leaves appear larger (Finn et al. 1959). 

Bryant et al. (2016) also showed the tillers, after one application of GA were heavier, leaves 

longer and pseudo-stem and true-stem longer but after a second application of GA the 

characteristics were no longer apparent. Tiller density after one application of GA was not 

affected compared with increased tiller density after the application of N. After two 

applications of either GA or N fertiliser, tiller size and density were greater in N fertiliser 

treatments, but there was no effect of GA compared with untreated plots. Apart from a 1.6 

cm increase in sward height Bryant et al. (2016) did not find any changes in sward 

characteristics after two applications of GA. In contrast two applications of N resulted in an 

increased sward height of 3 cm and reduced WC proportion and yield.  

Recent research by Zhaung et al. (2019) using GA on tall fescue showed that 

application of exogenous GA reduced tillering compared with untreated controls. The 
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mechanism behind the inhibition of tillering was linked to antagonistic effects on cytokinins 

which play an important role in tiller initiation or branching in plants. There has been some 

evidence of tiller suppression in PRG but more information is needed to understand the link 

between tillering behaviour and competition of co species such as WC.  

2.3.4 Gibberellic acid effects on herbage nutrient concentration 

The chemical composition of the pasture is important as it determines the concentration of 

N in the diet which can influence the potential for N losses to occur. With lower N content a 

feed with the same DM intake has the potential to reduce N intake and the proportion of N 

retained in the animal products (mainly meat and milk). Another consideration is the effect 

of GA on the WSC concentration. It has been proposed that feeding fresh forages with a high 

concentration of WSC is a way to address imbalances and improve the synchrony between 

energy and protein availability for microbial protein synthesis (Beever et al. 1986) and reduce 

the amount of excess ammonia produced in the rumen (Miller et al. 2001) and the subsequent 

loss of N. While improving WSC concentrations in the diet rarely results in improvements to 

animal performance an increase in the WSC:CP ratio above 0.7 has been associated with a 

reduction in the proportion of dietary N excreted in urine (Edwards et al. 2007).  

In a mixed sward the concentration of N will depend on the abundance of each species 

in the sward and the effect of GA on the N concentration of each species. Early work with 

individual species showed that N concentration in Kentucky bluegrass, PRG, WC, lucerne and 

birdsfoot trefoil was reduced following the application of GA (Finn et al. 1959, Brown et al. 

1963) although Morgan et al. (1958) detected no effect. In a study by Parsons et al. (2013) 

forage composition of harvested herbage (above a height of 60 mm), stubble (herbage below 

a height of 60 mm) and roots of PRG growing in pots in controlled conditions were measured. 

Gibberellic acid and N were applied singly and in combination. With the application of N there 

was a major reduction in the WSC:CP ratio in all tissues while the application of GA did not 

result in any significant changes in the WSC:CP ratio. 

In a series of field trials in Canterbury and Waikato, Zaman et al. (2014) investigated 

the effects of GA applied to PRG/WC pasture with and without N fertiliser, applied as urea, 

on DM, herbage N content and forage composition. The application of GA with N fertiliser did 

not compromise feed quality compared with GA applied alone which reduced herbage ME 



24 
 

and CP content and digestibility. Herbage N concentration was reduced by 5.1 g N/kg DM (0.5 

%) by application of GA relative to that for untreated control plots, while N application 

resulted in similar herbage N concentrations relative to those for the untreated control plots. 

Note, that application of N fertiliser and GA together increased DM yield with the herbage N 

concentration lower than the value for the untreated control plots by 3 g N/kg DM. Herbage 

WSC were unaffected by the application of GA or N fertiliser.  

 In related work, the application of GA on pasture gave a greater reduction in N content 

than GA applied with N fertiliser (Ghani et al. 2014). Van Rossum et al. (2013) associated the 

effect of application of GA on herbage N concentration with changes in the proportion of WC 

in the swards. It was found that multi-species and tall fescue with WC swards, which had 

marginal increase in WC proportion had similar N content to plots treated with GA and the 

untreated controls. However, plots treated with GA had 6-7 g N/kg DM less than the values 

in plots where N was added. PRG/WC plots treated with GA had an increase in N content 

compared with the untreated controls due to the increase in WC from 1-10%. However, over 

all N content was similar to the plots with added N fertiliser. Application of GA with N fertiliser 

had an additive effect on DM production however, N concentration of the herbage was 2.2 g 

N/kg DM lower in plots treated with GA than plots treated with GA and N fertiliser. Application 

of GA had limited effect on ME or WSC compared with the untreated controls. 

In PRG/WC pastures in New Zealand there were only small changes to forage quality 

(ME and WSC) following the application of GA alone or in combination with N fertiliser 

(Matthew et al. 2009, van Rossum et al. 2013, Bryant et al. 2016). Few studies have reported 

the effects of GA on NDF, but van Rossum et al. (2013) showed that NDF was unaffected by 

application of GA. Bryant et al. (2016) found that NDF content increased after one application 

of GA but was reduced after a second application. Furthermore, while CP was reduced by the 

application of GA, it was generally higher than critical values for animal production.  

Whitehead et al. (2015) used modelling to investigate the use of GA to reduce N 

concentration in herbage and its potential to reduce N intake by animals, leading to reduced 

N concentration in urine, lower total N excretions and in particular nitrous oxide emissions. 

Reductions in annual nitrous oxide emissions compared with that for the control treatment 

did result when the application of GA replaced N fertiliser in late summer (February) or early 
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spring (August). There was a predicted reduction in total annual nitrous oxide emissions of 

5.8 and 5.6 % in late summer and early spring respectively which was due to the combined 

reductions in emissions from dung and urine and N fertiliser. 

2.3.5 Gibberellic acid effects on animal performance 

The section above regarding nutritive value indicate that GA has limited effect on over-all 

herbage nutritive value, and this may limit the subsequent effect on animal performance. But 

another consideration is the difference in pasture morphology which may impact animal 

performance following the application of GA. For example, rising plate meter measurements 

were significantly different between the control and the GA treated pastures (Matthew et al. 

2009). This, and the occasionally lower density can influence the feed intake by the animals 

(Cosgrove et al. 2007). The direct effects of GA application on foraging behaviour and animal 

production and N use efficiency have not yet been reported. To date, there are no published 

studies on the effect of GA on animal production. Our own preliminary studies (Allen 2010) 

investigated milk production in autumn of late lactation dairy cows allocated the same 

quantity of herbage treated with either GA or N fertiliser. In that study PRG and WC pastures 

were treated with GA (8 g GA/ha) or N fertiliser (50 kg N/ha) in early March and, after 29 days 

regrowth, compared milk yield of cows grazing treated pastures. Pasture quality, as indicated 

by ME content was unaffected by treatment, and milk production was similar for the plots 

treated with GA (1.45 kg MS/cow/day) and N fertiliser (1.42 kg MS/cow/day). Applying GA 

reduced herbage N content, increased clover content, and reduced apparent N intake, which 

has implications on lower urinary N excretion. A key finding of that study showed that 

replacing N fertiliser with GA in autumn is likely to lead to similar pasture production and 

maintain milk yield.  

2.4 Summary 

Improved fertiliser management strategies have the potential to maintain or improve pasture 

production and quality, maintain, or improve animal production and reduce N losses from 

dairy production systems. Intensification of New Zealand farming has seen increased stocking 

rates and pasture production with N fertilisers. N fertiliser has been an important tool for 

meeting the increases in feed demands by improving pasture supply. PRG/WC pasture, 

fertilised with N are high in CP content which is in excess to the requirements of the animals, 
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even during peak production. Excess CP leads to excretion of N in urine and faeces. Losses of 

N, through nitrate leaching into water ways and nitrous oxide emissions to the atmosphere 

are of public concern. Alternative strategies to the use of N fertiliser, for improving pasture 

supply need to be investigated and developed.  

Over the past decade there has been an increased interest in the use of GA to increase 

DM production. It has been confirmed that the application of GA to pasture can stimulate DM 

production throughout the growing season however the responses are minimal when applied 

in summer. In spring GA promotes growth through stem and leaf elongation (Matthew et al. 

2009) while in autumn growth is stimulated through reserve mobilisation and relocation of N 

from the roots to the shoots (Mitchell, 1956). By these responses the length of the season for 

DM production can be increased. Following the application of GA DM yield increases of up to 

500 kg DM/ha can be achieved but local weather conditions and farm management practices 

will determine the outcome. Multiple applications should be considered as a tool for 

achieving DM production while reducing the need for N fertiliser. There is limited literature 

on the effects of continued us of GA and to date it is advised not to apply GA continually 

without N fertiliser and other nutrients. GA should be considered as a potential substitute for 

N fertiliser completely or partially throughout the season, providing similar benefits while 

reducing the environmental risks associated with N fertiliser use.  

The proposed areas for researched, based on what was seen in the literature review 

include; the effects of GA and N fertiliser management on annual and seasonal DM 

production, the effects of GA and N fertiliser management on yield components, the effects 

of GA and N fertiliser management on forage composition and the effects of substituting 

autumn N fertiliser with GA on feed supply and milk production. 
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Chapter 3 

Gibberellic acid and nitrogen management on dry matter 

production 

3.1 Introduction 

Maximising pasture DM production on intensive dairy farms in New Zealand has required high 

rates of N-based fertiliser. Over the past 30 years N fertiliser use in New Zealand has more 

than doubled to a rate of over 400,000 tonnes N/year, of which 63% is used on dairy farms 

(Fertiliser association 2018). The effect of N fertiliser on DM production is of particular 

importance at critical feed deficit periods such as in early spring when pasture growth is 

typically low and feed demand is high. Again, in autumn when pasture growth and animal 

demand are declining but no less important than in spring, as autumn pasture growth 

determines average pasture covers leading into winter, “drying off” decisions, days in milk 

and animal condition leading into winter. High levels of N inputs in the form of N fertiliser or 

urinary N are responsible for N losses (Ledgard et al. 1997). Concerns for the effects of N on 

drinking water quality has led the government to put in place regulations to limit the use of 

N fertiliser to a maximum of 190 kg N/ha/y. Nitrogen fertiliser has been historically used to 

improve pasture production because it increases herbage yield by 5-15 kg DM/kg N applied 

(Moot et al. 2007). An alternative to N fertiliser for managing feed supply is the use of GA, a 

naturally occurring plant growth hormone. When applied at low rates GA has the potential to 

produce a cost-effective increase in DM production in autumn and spring (Edmeades 2009, 

Ball et al. 2012, van Rossum et al. 2013, Zaman et al. 2014 Parsons et al. 2013) through leaf 

elongation and tiller size and through reserve mobilisation (Matthew et al. 2009, Mitchell, 

1956). In section 2.3.2 we report on evidence of yield reductions when using GA, particularly 

at high rates of the active ingredient. However, previous studies using GA have been short 

term, investigating the effect of one or two applications over a short period. Similarly, there 

is little information on the timing of GA within a season. Ball et al. (2013) showed that 

exogenous GA in spring versus summer resulted in different responses by perennial ryegrass. 

In two ways, timing of application is of importance. Firstly, in relation to grazing the best time 

to apply GA is less than six days after grazing and treated pastures should be grazed within 28 
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days to gain any benefits (Edmeads 2009). Secondly, in relation to season where, due to day-

length, temperature, nutrient availability and plant physiological state, applying GA in late 

winter, early spring and autumn (Zaman et al. 2013, van Rossum et al. 2013) offer the best 

yield responses. It is likely that the effectiveness of the application of GA on promoting 

herbage production is greater in early spring and late autumn when the activation of 

endogenous levels regulated by phytochrome-sensed changes in photoperiod (Kurepin et al. 

2011) is limited by lower temperatures (Kurepin et al. 2013). Seasonal changes in plant 

developmental state also influence the potential response of PRG to exogenous GA 

application (Ball et al. 2012, Parson et al. 2013). In this study the effects of timing and 

frequency of GA application on annual and season DM production is investigated by 

harvesting and measuring DM yields after each regrowth.  

The aim of this study was to determine the short term (first, second and third 

regrowths in spring and autumn) and annual effects of applying early, delayed or late GA in 

spring and autumn on DM production, under continuous mowing with no replacement of 

nutrients to see how reduced rates of N fertiliser with GA compared to standard, high rates 

of annual N fertiliser.  

The purpose of the researched described in this chapter was to: 

• Investigate the effects of replacing two, four or six applications of N fertiliser with GA 

in spring and autumn on total annual DM production, 

• Investigate the effects of applying early, delayed or late GA, in place of N fertiliser in 

spring and autumn on DM production from first, second and third regrowths. 

3.2 Materials and Methods 

3.2.1 Experimental site and design  

A plot trial was conducted between August 2012 and August 2013 at the Lincoln University 

Research Dairy Farm, Canterbury, New Zealand (43°38’S, 172°27 E, 17 m.a.s.l.). The 0.1 ha 

experimental site was situated under a lateral irrigator on a Wakanui silt loam soil with a pH 

of 5.7 and Olsen P of 20 and MAF quick test potassium of 4. The area had previously been 

established following full cultivation in April 2011. The existing perennial ryegrass pasture was 
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sprayed with glyphosate, ploughed, harrowed and Lolium perenne, (cv Trojan, AR37 

endophyte, heading date + 16 days) and white clover (Trifolium repens, cv Weka) was sown 

at a respective rate of 18 and 4 kg seed/ha using a coulter drill. Following establishment, 

herbage mass was controlled by rotational grazing with dairy cows. On 1 August 2012 a 280m2 

area of the new pasture was selected for the experimental site.  

The experiment was laid out as a randomised complete block design with ten 

treatments (plot size = 7 x 2m) and four blocks (Figure 3). The treatments were selected to 

investigate the impact of timing (early, delayed or late) and frequency (one, two or three 

applications) of GA, in place of N fertiliser in spring and autumn. These treatments were 

selected on the basis that farmers will need to reduce their fertiliser use in the furture and 

the effect of timing and frequency will provide information on how GA might be used 

strategically to minimise losses in pasture production, particularly at critical deficit periods. 

The treatments included three controls; N fertiliser (250 kg N/ha/y, 0 GA), untreated (0 kg 

N/ha/y, 0 g GA/ha/y) and N+GA (250 kg N/ha/y + 80 g GA/ha/y) and seven GA regimens; 

where GA was applied, in place of N fertiliser early (E), in August and March, delayed (D), in 

September and April or late (L), in October and May (200 kg N/ha/y, 16 g GA/ha/y) or a 

combination of ED, EL DL (150 kg N/ha/y, 32 g GA/ha/y) or EDL (100 kg N/ha/y, 48 g GA/ha/y, 

Table 2 and 3). Nitrogen fertiliser was applied to all treatments, except the control from 

November through February.  

Table 3 experimental treatments showing annual number of applications of N fertiliser or 
gibberellic acid (GA). Treatments were; untreated (0 control) or treated in spring and 
autumn with; N fertiliser, N+GA, GA applied in place of N fertiliser in early (E), delayed (D), 
late (L), EL, ED, DL or EDL spring and autumn.  

 Annual N fertiliser Annual GA 
Treatment Applications kg N/ha/y Applications g GA /ha/y 
Untreated  0 0 0 0 
Early GA 8 200 2 16 
Late GA 8 200 2 16 
Delayed GA 8 200 2 16 
EL 6 150 4 32 
ED 6 150 4 32 
DL 6 150 4 32 
EDL 4 100 6 48 
N+GA  10 250 10 80 
N fertiliser  10 250 0 0 
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Figure 3 plot (7 x 2 m) design of ten treatments in four blocks. Treatments were; untreated 
(0 control) or treated in spring and autumn with; N fertiliser, N+GA, GA applied in place of 
N fertiliser in early (E), delayed (D), late (L), EL, ED, DL or EDL spring and autumn.  

Table 4 annual treatment regimen for the application of gibberellic acid (GA) in place of (N) 
fertiliser. Treatments were; untreated (0 control) or treated in spring and autumn with; N 
fertiliser, N+GA, GA applied in place of N fertiliser in early (E), delayed (D), late (L), EL, ED, 
DL or EDL spring and autumn.  

Treatment Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

Untreated  Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Early GA GA N N N N N N GA N N 

Late GA N N GA N N N N N N GA 

Delayed GA N GA N N N N N N GA N 

EL GA N GA N N N N GA N GA 

ED GA GA N N N N N GA GA N 

DL N GA GA N N N N N GA GA 

EDL GA GA GA N N N N GA GA GA 

N+GA GA+N GA+N GA+N GA+N GA+N GA+N GA+N GA+N GA+N GA+N 

N fertiliser N N N N N N N N N N 
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The first of the ten annual applications of N fertiliser or GA were applied on the 2nd of August 

2012 after the experimental area was mown to a starting height of 4.5 cm. Nitrogen fertiliser 

was spread by hand at a rate of 25 kg N/ha as Urea granules (46%N) and GA was applied with 

a nozzle type knapsack at a rate of 8g GA/ha as ProGibb® SG (40%GA), where 1.6g ProGibb® 

was diluted in 16L of water and applied at a consistent walking speed so that each plot 

received an equivalent of 200L water/ha. A non-ionic surfactant, Contact™ (0.25 ml/L) was 

added to the GA mixture to assist with plant uptake. The GA was applied on fine days so that 

a drying time of 2 hours was allowed. While irrigation or rainfall after application of N fertiliser 

ensured the N was moved into the rootzone to minimise volatilisation.  

All harvest measurements followed an average regrowth interval of 31±8 days with an 

average of 28±7.5 days from time of application to time of harvest. The regrowth interval was 

weather dependant and based on decision rules related to minimum two leaf appearance, 

averaged across all treatments. Following each re-growth period (n=10), the plots were 

harvested by a motorised push mower to 4.5 cm cutting height, and GA or N fertiliser 

treatments were applied within three days. The plots were not grazed during the study and 

no fertiliser, other than urea was used during this period. A final, 11th harvest was done on 

the 6th August 2013 to determine winter and total annual herbage accumulation.  

Table 5 N fertiliser or GA application and harvest dates and number of days of regworth for 
each of the 10 regrowth intervals.  

Growth interval Application Harvest Days of regrowth 

1 2-Aug 3-Sep 32 
2 4-Sep 1-Oct 28 
3 5-Oct 29-Oct 28 
4 31-Oct 26-Nov 28 
5 26-Nov 17-Dec 21 
6 18-Dec 20-Jan 34 
7 21-Jan 11-Feb 22 
8 11-Feb 11-Mar 28 
9 14-Mar 10-Apr 30 

10 12-Apr 14-May 34 
The GA combination treatmens (early, delayed and late etc.) were applied for the 1, 2, 3, 8, 9 and 10th 

regrowths, while N only was applied for the 4-7th regrowths. 
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3.2.2 Specific methodology 

This chapter looks at DM production and therefore the methodology for collecting this data 

is included here. These plots were used for recording other data and so specific 

methodologies relating to botanical composition, ryegrass morphology and forage nutritive 

value will be presented in subsequent chapters. 

3.2.3 Pasture Production 

At the end of each regrowth interval DM yield was determined by harvesting a strip of 

herbage from each plot using a push mower set to a height of 4.5 cm. The clippings from the 

7 x 0.45 m strip were collected from the mower catcher and the bulk fresh weight (kg FW) 

recorded in the field using portable electronic scales. From each plot/catcher the bulk sample 

was thoroughly mixed and then a random grab subsample of about 100g FW was collected, 

put into a paper bag and stored in a chilly bin until all plots had been harvested. Subsamples 

were returned to the lab, oven dried for 48 hours at 60°C, dry weight recorded (g DM) and 

DM yield calculated (kg DM/ha). After the plots were harvested, the entire experimental area 

was mown to 4.5 cm post cutting height. The yield (per hectare) was calculated by multiplying 

the fresh weight (kg) by the DM content (%) and the area mown (ha). The cumulative DM 

yield over the 12-month observation was calculated by adding the yield from each harvest. 

3.2.4 Statistical analysis 

Means for total yield within year and season and N response were compared using the general 

linear model procedure in Genstat (V19.1, VSN International Ltd). Fertiliser treatment was 

included as a fixed term in the model and block as blocking term. Contrasts were carried out 

to compare the effect of a single (E+D+L) versus double (ED+EL+DL) application of GA or early 

(E + ED) versus late (L + DL). Fishers protected LSD was used to separate means for each 

treatment at the 5% significance level. 
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3.3 Results 

3.3.1 Climate 

Total rainfall over the 12-month observation period was 790 mm, with the largest rainfall 

event occurring at the end of the measurement period in June 2013 (Figure 1). Applications 

of GA occurred when soil temperatures were above 7.5°C. Although no irrigation records are 

available, irrigation rules on the farm were based on aquaflex readings to maintain soil 

moisture for optimal growing conditions. Irrigation was applied at 10mm per application. 

 

 

Figure 4 average air temperature (solid line), average 10cm soil temperature (dashed line) 
and monthly cumulative rainfall at the Broadfields weather station near the Lincoln 
University Research Dairy Farm between august 2012 and July 2013. 

3.3.2 Annual and seasonal dry matter production 

Compared with the untreated control (14.6 t DM/ha/y) annual herbage yield was 25% greater 

(18.3±0.40 t DM/ha/y) when 250 kg N/ha/y, was applied with or without GA (Table 2, 

P<0.001). As the number of N applications were increasingly replaced by GA applications, 

herbage yield declined. Replacing 50 kg N/ha/y with two applications of GA (E, D and L) 

offered a similar annual yield of 17.6±0.31 t DM/ha/y. While four (ED, DL or EL) or more (EDL) 

annual applications of GA in place of 150 or 100 kg N/ha/y, respectively saw significantly 

reduced yields of 1.5±0.22 t DM/ha/y. Though, compared with the untreated control six 

applications of GA (EDL) with 100 kg N/ha/y, was still significantly better, offering an annual 
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yield of 16.7 t DM/ha/y. Regression analysis of N rate and yield revealed a positive linear 

relationship (kg DM/ha = 14818+14.3 x kg N, R2= 0.97). In contrast with N fertiliser there was 

no relationship between GA application (between 0 and 48 g/ha) and yield (kg DM/ha = 16924 

– 0.8 x g GA/ha, R2 = 0.001).  

An interaction between harvest date and treatment (P<0.05) revealed that in spring 

delayed or late GA application tended to result in greater herbage production than applying 

GA early. Applying N early and delaying GA application also improved the N response in spring 

(P<0.001), but not in autumn (P=0.28). The timing of GA application had carry-over effects on 

winter growth with improved pasture production from late GA applications. Interestingly, the 

EDL treatment, which received three consecutive GA applications had significantly greater 

spring DM yield compared with the untreated control, despite neither treatment receiving N 

fertiliser during this period.  

Although replacing a single application of N in both spring and autumn resulted in a 

5% reduction in herbage yield this reduction was not statistically detectable. Generally, there 

was no effect of frequency of GA (one or two applications) on seasonal yield, except for 

winter. The results comparing the N fertiliser with N+GA showed that there was no yield 

reduction when using multiple applications of GA with N fertiliser. The N response was greater 

for treatments which received less N fertiliser (double GA applications), and which received 

the N early (i.e. the GA was applied late). 
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Table 6 effect of replacing applications of N fertiliser with GA on response to N (kg DM/kg N) and DM production (t DM/ha). Treatments were; 
untreated (0 control) or treated in spring and autumn with; N fertiliser, N+GA, GA applied in place of N fertiliser in early (E), delayed (D), late 
(L), EL, ED, DL or EDL spring and autumn.  

 Spring Summer Autumn Winter Annual 

Treatment Yield  Response  Yield  Response  Yield  Response  yield yield 

0 control 2.26d - 8.28 - 3.25c - 0.82g 14.61e 

N control 3.70ab 19.2c 9.20 9.1 4.24ab 13.2d 1.19bcd 18.32a 

N + GA  4.14a 25.2bc 8.56 2.8 4.37a 15.0cd 1.26abc 18.34a 

Early GA 3.13bc 17.5c 8.93 6.5 4.00ab 15.2cd 1.20bcd 17.27abcd 

Delayed GA 3.51ab 25.2bc 8.90 6.2 4.18ab 18.7cd 1.12cde 17.72abc 

Late GA 3.49ab 24.8bc 9.04 7.6 3.96ab 14.2cd 1.40g 17.89ab 

EL 3.12bc 34.6ab 8.41 1.2 4.06ab 32.3ab 1.28ab 16.86bcd 

ED 2.72cd 18.8c 9.02 7.4 3.91b 26.4bcd 0.90fg 16.55d 

DL 3.33bc 42.3a 8.59 3.1 4.16ab 36.6a 1.04ef 17.12bcd 

EDL 3.10bc - 8.32 0.4 4.18ab - 1.08de 16.68cd 

SEM 0.248 3.89 0.284 3.01 0.145 4.19 0.070 0.397 

P Value 0.001 0.002 0.26 0.42 0.001 0.003 <0.001 <0.001 

Contrasts         

Early vs Late 0.06 <.001 0.57 0.60 0.48 0.28 0.002 0.15 

One vs two  0.12 0.007 0.24 0.27 0.94 <.001 <.001 0.02 
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3.3.3 Timing of application on dry matter response to gibberellic acid 

Early application of N fertiliser or GA had a limited affect (P=0.16) on DM production in August 

(Table 7). In September, compared with the 0 Control (0.73 t DM/ha) N fertiliser yielded 

significantly (P=0.01) higher (1.29 t DM/ha) with an additive effect when GA was applied with 

N fertiliser (1.65 t DM/ha). A delayed application of GA (D) yielded (1.43 t DM/ha) similar to 

both N fertiliser and N+GA. Applying both early and delayed GA (ED) was statistically similar 

to the untreated control and N fertiliser. In October, after the third regrowth N+GA and N 

fertiliser yielded higher (P<0.001, 1.36 and 1.47 t DM/ha, respectively) than the 0 control 

(0.85 t DM/ha). Applying late GA (L) offered a similar yield (1.32 t DM/ha/y) to N+GA and N 

fertiliser. Replacing N fertiliser, in late spring for a second time (EL, DL) had reduced yields 

compared to N fertiliser but maintained significantly better production than the untreated 

control.  

There was limited effect of N fertiliser or GA on DM production in March and April. A 

response in May (P<0.001) indicated that there is a better response to delayed or late GA than 

early GA. N fertiliser and N+GA (0.69 and 0.71 t DM/ha, respectively) had significantly higher 

yields than the untreated control (0.49 t DM/ha) while applying delayed or late GA (L) had a 

similar response (0.76 and 0.74 t DM/ha, respectively) to N fertiliser.  
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Table 7 effect of replacing applications of N fertiliser with GA on monthly DM production (t 
DM/ha) in spring and autumn. Treatments were; untreated (0 control) or treated in spring 
and autumn with; N fertiliser, N+GA, GA applied in place of N fertiliser in early (E), delayed 
(D), late (L), EL, ED, DL or EDL spring and autumn.  

 2012 Spring Harvests 2013 Autumn Harvests 
Treatment August September October March  April May 
0 (control) 0.63 0.73a 0.90ab 1.52 1.23 0.49a 
E 0.93 0.93ab 1.27de 1.93 1.43 0.64bc 
L 0.89 1.28bcd 1.32ef 1.84 1.38 0.74d 
D 0.94 1.43cd 1.14cd 2.01 1.41 0.76d 
EL 0.99 1.02abc 1.12cd 1.96 1.48 0.62b 
ED 0.85 0.84ab 1.04bc 1.92 1.36 0.62b 
DL 1.01 1.23bcd 1.08c 1.98 1.47 0.72cd 
EDL 1.26 1.00abc 0.85a 2.02 1.53 0.64bc 
N+GA 1.14 1.65d 1.36ef 2.09 1.57 0.71cd 
N fertiliser 0.94 1.29bcd 1.47f 2.07 1.47 0.69bcd 
SEM 0.185 0.228 0.080 0.174 0.123 0.045 
P Value 0.16 0.01 <0.001 0.36 0.25 <0.001 

Dry matter values followed by the same letter are not significantly different according to the Fishers LSD test. 
Note: bolded figures are significantly lower than N fertiliser treatment.   

3.4 Discussion 

3.4.1 Nitrogen versus gibberellic acid  

It was hypothesised that swapping N fertiliser for exogenous GA would offer an opportunity 

to maintain pasture production at lower N fertiliser use. We accept the null hypothesis for 

the replacement of two N applications of urea with GA (200 kg N/ha/y and 16 g GA/ha/y) but 

reject the null hypothesis that it is possible to replace more than two N applications with GA 

and maintain yield within 5% of the N control, (Table 5). The results of this research 

demonstrated the positive relationship between N fertiliser and annual herbage 

accumulation, which in this study resulted in a response of 12-14 kg DM/kg N under cut and 

carry conditions. Pastoral response to N is well documented and reviews for N response 

acknowledge the role of N in enhancing growth through increased tillering and leaf expansion 

(Harris et al. 1996, Sun et al. 2008). On the other hand, exogenous application of GA to pasture 

stimulates initial growth through reserve mobilisation and leaf and stem elongation which 

increases tiller size (Matthew et al. 2009). The results of this study support previous research 

demonstrating the ability of exogenous GA to provide an immediate increase in yield 

compared with control treatments (Ball et al. 2012, van Rossum et al. 2013, Zaman et al. 2014, 
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Matthew et al. 2009). However, as demonstrated by Parsons et al. (2013) the plant’s internal 

control uses a cascade system of signalling to manage resources for plant growth. Gibberellic 

acid is not a nutrient so increasing the supply of this compound doesn’t elicit growth 

responses in the same way that N does.  

3.4.2 Timing of gibberellic acid 

There was evidence that use of GA with or instead of N influenced the distribution of DM yield 

and the response to N fertiliser. The results support previous results showing that in spring 

the combination of GA and N yielded 12% more total biomass than N alone (Ghani et al 2014, 

Bryant et al. 2012, Ball et al. 2012). However, the yield advantage of N and GA compared with 

the N only treatment in spring disappeared over the summer period where numerically 

greater yields in the N only treatment led to similar total yields for the year.  

 Strategic use of N fertilisers will require farmers to consider how much N and when 

to apply to maximise N response. In this study, applying the N early in the spring season and 

delaying GA application to September or October resulted in greater spring DM yield and N 

response than using GA in August (Table 5 and 6). This response is probably due to the early 

provision of mineral N when the natural soil available N levels are low. Low soil temperatures 

slowing mineralisation would likely limit the GA response in either the first or subsequent 

regrowths. Ball et al. (2012), showed that under nutrient limiting conditions, applying GA 

reduced above ground yield in carry over conditions as more assimilates were partitioned to 

roots. Early research reporting yield reductions used either high rates of GA (exhausting 

carbohydrate mobilisation) or applied in winter and/or without mineral N (Matthew et al. 

2009). Based on current results we would suggest that yield reductions from GA use can be 

avoided with either co-application of N or delaying GA application until the second regrowth 

and applying N fertiliser in the first regrowth. 

In contrast with spring, N is generally not limiting pasture growth in autumn and our 

results show that GA alone increases yield compared with control treatment and achieved 

similar yield as using N fertiliser. There did, however, appear to be some carry over effects of 

timing of GA on winter growth. Swapping N for GA late into autumn improved winter 

production compared with early use of GA (Table 5). Generally, N is not limiting pasture 

growth in winter and it isn’t clear what factors might be driving this variation. Autumn use of 
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GA and long regrowth intervals make it challenging to determine the effects of using plant 

hormones to stimulate growth. Poor response to GA or N was experienced in a grazing study 

where application of GA in April resulted in lack of pasture response compared with N 

fertiliser or no treatment (Miller et al. 2021). 

3.4.3 Frequency of gibberellic acid 

In this experiment we hypothesised that one-off exogenous GA applications in spring and 

autumn could be used strategically to reduce N inputs and maintain pasture production. For 

single applications of GA, the null hypothesis is accepted with an average herbage yield only 

5% lower than using the full 250 kg N/ha. However, increasing replacement of N with GA led 

to yield reductions, not because of the increased GA per se, rather the diminishing availability 

of N. Our results show little benefit in using multiple applications of GA. The N+GA treatment 

shows that while there might be initial responses to GA these are not sustained under 

frequent use. The decline in sensitivity of pasture to exogenous GA is likely due to changes in 

the seasonal signalling of plants. Parsons et al. (2013) showed that summer derived plants 

were far less responsive to exogenous GA than winter-derived plants. The response to N was 

improved with double versus single applications of GA, though it is likely that the greater 

response was not due to the increased use of GA, rather the decreased availability of N. 

Application of GA is costly as it is generally applied in liquid as a foliar application, and we 

would argue based on current and previous results that dual applications of GA are less cost 

effective than a single application.  

3.4.4 Conclusions/Practical implications/Relevance 

Under regulatory N fertiliser caps, the replacement of autumn applied N with GA represents 

a valuable pathway to maintain end of season pasture production and reduce environmental 

impacts of farming. Our results showed there was no difference in pasture production in 

autumn whether GA or N was used. This is the first research to report the effects of single or 

multiple applications of GA on annual above ground pasture production. These results show 

that N fertiliser is far more important in driving herbage yield than the plant growth regulator 

GA. However, due to the high potential for growth in spring, GA used in combination with N 

fertiliser can improve production, though applied alone in place of N spring use of GA will 
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likely limit pasture productivity. To meet N fertiliser caps, GA can be used effectively in 

autumn to maintain herbage yield in replacement of N. 
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Chapter 4 

Gibberellic acid and nitrogen management on yield components 

4.1 Introduction 

New Zealand pastures are predominantly PRG and WC and are very responsive to N fertiliser 

(i.e. 15 kg DM/kg N) due to naturally insufficient soil N. New Zealand farms have become 

reliant on N fertiliser for improving pasture production, particularly during the shoulder 

seasons, spring, and autumn when critical feed deficit periods occur in response to low or 

declining pasture growth rates, due to cool temperatures and short days. Increased herbage 

N content with N fertiliser comes at an environmental cost as N fertiliser results in increased 

N intake. High N intake of intensively grazed animals leads to increased excretion of N in urine 

(Higgs et al. 2012) and increased risk of nitrate leaching under urine patches (Li et al. 2012). 

An alternative growth promotor to N fertiliser is GA, and when applied at low rates has the 

potential to produce a cost-effective increase in DM production in autumn and spring. Use of 

exogenous GA has been investigated as a means of reducing environmental N losses 

(Whitehead et al. 2015) as it has been associated with reduction in herbage N content (Zaman 

et al. 2014) and has the potential to reduce N intake and lower urinary N excretion.  

When applied to pasture N fertiliser improves DM production of both PRG and WC, 

though in a mixed sward, over time, often results in a suppression of clover content (Harris et 

al. 1996), generally due to competition. When applied to pasture a single application of GA, 

in spring or autumn can also improve the yield of both PRG and WC (van Rossum et al. 2013, 

Bryant et al. 2016) and, often an increase in WC content is observed (van Rossum et al. 2013). 

In Chapter 3 we investigated annual and seasonal DM production in response to replacing 

one, two or three applications of 25 kg N/ha with GA in spring and autumn. Replacing two 

annual applications for N fertiliser with GA offered similar annual DM production to the 

standard 250 kg N/ha/y. Though yield responses declined as more N fertiliser was replaced 

with GA. We attributed this to the reduction in available N as a nutrient rather than from the 

increased use of GA.  
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We recognise that differences in DM production are likely to be driven by differences 

in yields from PRG, WC, or both in response to N fertiliser and GA. Van Rossum et al. 2013 

found that the effectiveness of GA was dependent on the sensitivity of the base grass to the 

treatment relative to that of either herbs or legumes in the mixture. Earlier studies showed 

that PRG was less responsive to GA compared with other grasses and clover was just as 

responsive to GA as the other grasses (Wittwer et al. 1957, Finn et al. 1958). Therefore, it is 

expected that the botanical composition of the existing sward will influence the 

responsiveness of the pasture to both N fertiliser and GA while over time the use of both may 

produce changes to the botanical composition. Another important feature of grazed pasture 

is the structure of the plant species within the sward and how this may affect nutritive value 

and grazing behaviour. Application of GA is known for stem elongation and reduced tillering 

while N fertiliser increases plant size through leaf expansion and increased tillering (Harris et 

al. 1996, Sun et al. 2009a, Matthew et al. 2009). Such changes can influence grazing behaviour 

and the quality of the diet consumed by the animal. In turn this can affect animal productivity, 

N excretion and potential N losses. An unpublished study by Allen (2010) looked at the effects 

of GA on dietary N and N excretion. It was found that there were limited effects of GA on N 

excretion due to limited difference in dietary N. While the N content of the PRG was reduced, 

the increase in WC content in the sward meant there were limited differences in dietary N 

content and therefore N excretion.  

The aim of this study was to determine the effects of replacing N fertiliser with GA, in 

spring and autumn on botanical composition and PRG tiller size and density. GA is applied up 

to three times in early, delayed, or late spring and autumn in place of N fertiliser (Table 3) and 

the responsiveness of PRG and WC measured along with dead material, weed content and 

PRG tiller size and density. 

The purpose of the researched described in this chapter was to: 

• Investigate the effects of replacing N fertiliser with GA on PRG and WC contribution in 

spring and autumn, 

• Investigate the effects of replacing N fertiliser with GA on PRG tiller size and density 

in spring and autumn. 
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4.2 Materials and methods 

Full details for materials and methodology of the trial site, design and management are 

given in Chapter 3. The methodology for determining botanical composition and PRG 

morphology data is included here.  

4.2.1 Botancial composition 

Botanical composition of the treated and untreated regrowth was investigated by collecting 

herbage samples in Spring 2012 and Autumn 2013 at the time yield harvests occurred. 

Samples were collected by one hand grabbing a handful of pasture and using hand shears in 

the other to cut off pasture grazing height at 10 random points across each plot, making sure 

to get enough pasture for analysis and a fair representative of the pasture growing within 

each plot. The fresh pasture from each plot was put into a plastic bag and taken to the lab 

and mixed thoroughly by hand. A sub sample of about 20 g FW was sorted into PRG, WC, 

weeds and dead material. These were then oven dried at 60°C for 48 hours and dry weights 

recorded. This data was used for botanical composition analysis.  

Species (%) = g DM of species/g DM total in the sample 

A seasonal average was calculated, first by determining the species yield, by 

multiplying the species contribution (%) by the total DM yield (kg DM/ha) form the same 

harvest. The species yield was then divided by the total DM yield to determine the average 

seasonal contribution (%) of PRG, WC, weeds or dead material.  

4.2.2 PRG morphology and density 

Prior to the spring and autumn harvests a 0.1m2 quadrat, cut to ground level was taken from 

each plot using hand shears. The samples were put into paper bags and refrigerated. The 

number of tillers within each quadrat were counted and used to determine tiller density (no. 

Tillers/m2). Pseudostem length (sheath, mm) and leaf blade length (leaf, mm) of ten random 

tillers from each sample were measured using a ruler or digital callipers. The ten tillers were 

dissected into leaf and sheath and oven dried at 60°C for 48 hours and dry weights (g DM) 

recorded. From this the leaf to sheath ratio was calculated. 
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4.2.3 Statistical analysis 

Percentage composition of PRG, WC, weed and dead material and cumulative yields were 

analysed for variance using Genstat (V19.1, VSN International Ltd). Fertiliser treatment was 

included as a fixed term in the model and block as blocking term. Data was checked for 

normality and transformed if skewed. Means were back-transformed for tabulation. Fishers 

protected LSD was used to separate means for each treatment at the 5% significance level. 

4.3 Results 

4.3.1 Effect of gibberellic acid on clover and ryegrass content 

The effect of treatment on botanical composition was more pronounced in spring than in 

autumn (Table 8). There was no effect of treatment on botanical composition in autumn 

where the herbage biomass was made up by 57±5.7% PRG, 38±5.3% WC, 1.7±1.11% weed 

and 3.4±1.45% dead material (P= 0.31, 0.43, 0.07 and 0.38, respectively). Except for the 

control, WC content was greater in autumn than in spring (38±5.3% vs 28±9.3%, respectively). 

Averaged across three harvests, in spring WC and PRG content were affected by N fertiliser 

and GA (P<0.001 and P<0.01, respectively). Both the N fertiliser treatment and EDL had 

significantly more PRG and less WC than the untreated control which had 49.0% PRG and 

47.5% WC. Compared with N fertiliser only, applying N+GA had no effect on WC or PRG 

content. Compared with N fertiliser only, replacing up to three applications of N fertiliser with 

GA (EDL) had no effect on WC or PRG content (26.8 and 69.2% compared with 32.4 and 64.9%, 

respectively). Weed content in spring was 2.6±0.99 and dead material 1.30±0.67% and was 

similar (P=0.13 and 0.59, respectively) among treatments.  

Despite differences among treatments for WC content (% of DM), total cumulative 

yield (kg DM/ha) in spring and autumn was 948±129 and 1547±306 kg DM WC/ha, 

respectively and similar among treatments (Figure 5). Therefore, differences in DM yield, 

observed in chapter 3 could be attributed to increases in PRG yield which, in spring was 

greatest for the N+GA treatment (3142 kg DM PRG/ha). Spring PRG yield from N fertiliser was 

2541 kg DM/ha and significantly more than the untreated control (1099 kg DM/ha). Applying 

N+GA had an additive effect on PRG yield (3142 kg DM/ha). Apart from ED and EL, which had 

significantly lower PRG yields, the other GA treatments had similar yields (2186±190 t DM/ha) 

to N fertiliser only.  
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4.3.2 Tiller size and density 

Leaf and sheath length 

In August application of N fertiliser or N+GA increased leaf length (P=0.02) compared to the 

untreated control (Table 9). Replacing N fertiliser with early GA had no effect on leaf length 

compared with the control and were shorter compared with application of N fertiliser. In 

November N fertiliser improved leaf length compared with the untreated control (P=0.04). In 

most cases replacing N fertiliser with GA had no effect on leaf length compared with N 

fertiliser. Replacing N fertiliser with repeat applications of GA (DL, ED and EDL) produced 

significantly longer leaves than the untreated control. In August sheath length was 

significantly (P=0.02) longer with the application of N fertiliser or N+GA compared with the 

untreated control. Numerically, when early GA was applied, in place of N fertiliser sheath 

length was longer than the untreated control and shorter than N fertiliser. Though, significant 

differences were not detected (Table 10).  

Leaf to sheath ratio  

In October N fertiliser had significantly (P=0.03) greater leaf to sheath ratio compared with 

the untreated control. Application of GA in place of N fertiliser had a similar effect on leaf to 

sheath ratio compared with N fertiliser and the untreated control (Table 11).  

Tiller density 

The variation in tiller density was large making statistical differences difficult to detect with 

the current design. No significant differences in tiller density were detected among 

treatments (Table 12). On average, tiller density was 6368±2088 and 6593±2519 tillers/m2 in 

spring (September to November) and autumn (March to April), respectively. Control plots 

receiving no N fertiliser or GA had numerically lower tiller density than plots that received N 

fertiliser or GA. Tiller density, after three applications of GA (i.e. EDL) in November and May 

was higher (5938 and 6450 tillers/m2, respectively) than the untreated control (4900 and 5900 

tiller/m2, respectively) but lower compared with N fertiliser (7038 and 7663 tillers/m2, 

respectively). Indicating that replacing N fertiliser with GA may result in lower tiller density 

and this is possibly due to an interaction between both reduced N fertiliser and number of GA 

applications.  
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Table 8 effects of replacing N fertiliser with GA on perennial ryegrass (PRG), white clover (WC), weed, and dead material content (% of DM) in 
spring and autumn. Treatments were; untreated (0 control) or treated with; N fertiliser, N+GA, GA applied in place of N fertiliser in early (E), 
delayed (D), late (L), EL, ED, DL or EDL spring and autumn.  

 

 Spring (% of DM) Autumn (% of DM) 

Treatment PRG Clover Weeds 
Dead 

material PRG Clover Weeds Dead material 

0 control 49.0c 47.5a 3.29 1.17 54.3 39.3 2.73 3.74 
N fertiliser 69.2ab 26.8cd 2.37 1.18 57.1 36.4 1.89 4.68 
N+GA 76.5a 19.1d 1.56 0.58 55.1 38.8 2.54 3.73 
Early GA 66.2ab 29.2bc 2.90 1.71 63.5 32.7 1.47 2.32 
Delayed GA 65.7ab 24.2cd 3.04 1.03 61.2 35.8 0.44 2.76 
Late GA 69.2ab 26.7cd 3.16 0.96 57.4 40.6 0.32 1.78 
EL 61.6b 26.9cd 2.46 1.70 54.2 38.7 3.86 3.32 
ED 60.3b 37.7b 3.32 1.28 55.3 40.4 0.77 3.70 
DL 64.3b 31.2bc 2.56 1.91 59.4 35.1 1.40 4.21 
EDL 64.9b 32.4bc 1.34 1.32 52.1 43.2 1.54 3.28 

P Value 0.01 <0.001 0.81 0.59 0.31 0.43 0.07 0.38 
SEM 3.86 3.23 0.92 0.44 3.17 3.02 0.77 0.82 

SEM = standard error of the mean, values followed by the same letter are not significantly different according to the Fishers LSD test.  

 

 

 



 

 
 

 
 

 
 
  

Figure 5 accumulative yield, over three harvests of white clover and perennial ryegrass 
following the application of GA in early (E), delayed (D) or late (L), in place of N fertiliser, in 
spring and autumn. *** is P <0.001.  
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Table 9 monthly leaf length (mm) of perennial ryegrass from pasture treated with N fertiliser 
N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or EDL spring 
and autumn. 

 August September October March April  May 
Untreated 116a 123 142a 185 204 97 
E 128ab 144 157abc 160 169 106 
L 135abcd 136 152abc 174 177 125 
D 144bcd 154 158abcd 153 188 112 
EL 131abc 145 144ab 181 194 114 
ED 133abc 154 178d 169 184 119 
DL 156d 127 170cd 164 214 139 
EDL 129ab 127 163bcd 196 173 141 
N+GA 148bcd 128 158abcd 181 166 131 
N fertiliser 152cd 152 166cd 179 193 112 
P Value 0.02 0.15 0.04 0.37 0.24 0.10 
SEM 10.7 13.3 10.4 16.8 18.9 14.8 

SEM, standard error of the mean, values followed by the same letter are not significantly different according to 

the Fishers LSD test 

Table 10 monthly sheath length (mm) of perennial ryegrass from pasture treated with N 
fertiliser N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or 
EDL spring and autumn. 

Treatment August September October March April  May 
Untreated 29.7a 49.5 82.9 50.1 60.9 31.4 
E 32.5ab 67.8 82.6 41.8 50.7 28.9 
L 38.8ab 64.5 77.9 50.6 57.8 33.9 
D 39.7ab 63.9 61.3 47.5 55.0 32.5 
EL 35.7ab 68.3 91.9 52.8 58.2 30.3 
ED 40.3b 55.0 73.0 47.8 61.1 33.1 
DL 51.7c 65.6 60.1 49.4 67.6 34.5 
EDL 37.2ab 55.7 80.6 45.8 52.1 33.9 
N+GA 42.5bc 66.9 79.9 53.6 57.7 33.1 
N fertiliser 42.4bc 69.3 95.9 53.6 57.9 27.7 
P Value 0.02 0.32 0.14 0.66 0.79 0.54 
SEM 5.02 8.66 12.47 6.10 8.81 3.39 

SEM = standard error of the mean, values followed by the same letter are not significantly different according 

to the Fishers LSD test 
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Table 11 monthly leaf to sheath ratio of perennial ryegrass from pasture treated with N 
fertiliser, N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or 
EDL spring and autumn.  

Treatment August September October March April  May 
Untreated 0.57 0.48 0.38a 0.66 0.60 0.64 
E 0.59 0.49 0.39ab 0.74 0.60 0.67 
L 0.52 0.49 0.45ab 0.71 0.60 0.62 
D 0.59 0.52 0.52bc 0.69 0.59 0.67 
EL 0.52 0.54 0.45ab 0.66 0.61 0.68 
ED 0.50 0.59 0.41ab 0.67 0.63 0.65 
DL 0.52 0.41 0.64c 0.64 0.62 0.54 
EDL 0.51 0.40 0.46ab 0.67 0.44 0.63 
N+GA 0.61 0.35 0.41ab 0.66 0.60 0.69 
N fertiliser 0.62 0.47 0.43ab 0.64 0.62 0.75 
P Value 0.32 0.11 0.03 0.81 0.19 0.14 
SEM 0.057 0.073 0.071 0.057 0.064 0.046 

SEM, standard error of the mean, values followed by the same letter are not significantly different according to 

the Fishers LSD test 

Table 12 monthly perennial ryegrass density (tillers/m2) of pasture treated with N fertiliser 
N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or EDL spring 
and autumn.  

Treatments August September October March April  May 
Untreated 4400 7175 4900 3988 6775 5900 
E 5500 7575 7250 8638 6525 6213 
L 8050 5550 5837 8775 5575 6838 
D 4750 7125 7925 8250 5650 7200 
EL 6550 7475 6012 8575 4500 6975 
ED 5825 6775 5075 6350 7475 4413 
DL 5875 6725 4675 6763 4550 5850 
EDL 6175 6650 5937 9025 4950 6450 
N+GA 6725 6825 6250 8788 4225 6188 
N fertiliser 8575 5825 7037 8738 6000 7663 
P Value 0.15 0.92 0.10 0.08 0.70 0.67 
SEM 1442 1460 1096 1607 1828 1483 

SEM, standard error of the mean, values followed by the same letter are not significantly different according to 

the Fishers LSD test  

 



  

50 
 

4.4 Discussion 

4.4.1 Botanical compostion 

Results from this study indicate that total spring DM yield (Chapter 3) was driven by the 

response from PRG to both N fertiliser and GA treatment and the best responses were 

observed when GA application was delayed or late in spring. The botanical composition of the 

sward was dominated by PRG, making up 65±13.8% of the DM of the sward in spring and 

57±5.7% in autumn. In spring, both N fertiliser and GA application saw increases in PRG and 

decreases in WC content compared with the untreated control. However, when expressed as 

yield WC growth was not affected by GA or N fertiliser while, PRG responded to both, yielding 

more than the untreated control. While it was expected that WC content may decrease with 

application of N fertiliser, due to competition (Harris et al. 1996) it was also expected that WC 

content would increase with the application of GA (Van Rossum et al. 2013). In that study by 

Van Rossum et al. (2013) it was found that botanical composition was influenced by the 

responsiveness of the other species within the sward (Van Rossum et al. 2013), and that a 

moderate response to GA by PRG resulted in an increase in WC.  

The current study is one of the first to look at the effects of timing and number of GA 

applications, in place of N fertiliser on seasonal (spring and autumn) WC and PRG production. 

The lack of WC response was surprising as in other studies legumes have been found to be 

more responsive to GA than grasses (Finn et al. 1959, Percival 1980). Possible reasons for the 

lack of response of WC to GA may be due to the age of the sward. The clover plants in this 

study were less than 2 years old, and during the first 12 to 18 months of establishment, WC 

plants are tap-rooted with less stolon production (Westbrook et al. 1955). Under cut and carry 

conditions the effect of GA might have been less pronounced as WC wasn’t exposed to 

preferential grazing (Charlton et al. 1989). We did not measure stolon production or 

nodulation in this study, though there may be contributing factors there also as previous 

research has indicated that in some cases GA may decreases nodulation (Thurber et al. 1958). 

The current study did replenish soil N by alternating GA applications with N fertiliser over the 

season and therefore, where soil N is sufficient WC may appear to remain unresponsive due 

to competition with PRG (Harris et al. 1996).  
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In comparison, it was not surprising that PRG did have a positive response to both N 

fertiliser and GA (Harris et al. 1996, Matthew et al. 2009). This study supports the idea that 

DM production in spring and autumn, in response to N fertiliser and GA was driven by the 

responsiveness of PRG. This meets the expectations of PRG for enhanced growth through leaf 

size and increased tillering, in response to N fertiliser (Harris et al. 1996, Sun et al. 2009b) and 

through reserve mobilisation and leaf and stem elongation, which increases tiller size, in 

response to exogenous application of GA (Matthew et al. 2009). The following section 

discusses tiller size and number in more detail.  

4.4.2 Tiller size and density 

In early spring (August) leaf and sheath length were longer with the application of N fertiliser 

or N+GA compared to the untreated control (Table 9 and 10). Replacing N fertiliser with early 

GA, the leaves and sheaths were, statistically similar, but had the tendency to be longer than 

the untreated control and shorter than N fertiliser. Bryant et al. (2016) observed that tillers 

from one GA application had longer leaves and stems but after a second application the effect 

of GA on leaf and stem length was no longer apparent. In the current study the effects of a 

second (ED) application of GA had no effect on leaf or sheath length. However, in late spring 

(November), in most cases replacing N fertiliser with late GA resulted in leaves of similar 

length to those treated with N fertiliser and replacing N fertiliser with a repeat application of 

GA (DL, ED and EDL) produced significantly longer leaves than the untreated control. There 

was limited effect of treatment on tiller size in autumn.  

There were no differences detected in tiller density among treatments in the current 

study. In grasses such as PRG DM yield is a function of both tiller number and size and grasses 

will often compensate one or the other to achieve maximum leaf area (Gislum et al. 2004). It 

was therefore expected, since DM production was driven by PRG production that increases 

in tiller size and or density would have been observed. Bryant et al. (2016) found that tiller 

size and density was greater after two applications of N but there was no difference with the 

application of GA. There has been some evidence of tiller suppression in PRG (Zhaung et al. 

2019) but more information is needed to understand the link between tillering behaviour and 

competition of co species such as WC. In the study by Zhaung et al. (2019) it was concluded 

that GA inhibited tiller production by suppressing out-growth of tiller buds which could have 
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been due to an antagonistic reaction with cytokinin. In the current study, significant 

differences among treatments for tiller density were not detected. However, while, compared 

with the control the application of GA and N fertiliser showed tendencies for increased tiller 

density (numerically more tillers in the high N treatments) the application of GA in place of N 

fertiliser showed a tendency for reduced tillering. Though, differences in tiller size and density 

were not confirmed statistically, due to large SEMs, it is assumed that, based on significant 

yield differences observed in Chapter 3 the differences in tillers size and density must have 

been biologically real.    

4.4.3 Conclusion 

The yield increases in response to treatment observed in chapter 3 were due to positive 

response of the PRG component in the sward. Perennial ryegrass increased in response to N 

fertiliser and GA through increases in leaf extension, and numerical increases in tiller size and 

density. Under the cut and carry conditions of this study, WC was relatively unresponsive to 

either N fertiliser or GA application. 
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Chapter 5  

Gibberellic acid and nitrogen management on forage composition 

5.1 Introduction 

Maximum pasture production on intensive dairy farms in New Zealand has been achieved 

through use of N-based fertilisers and provides a cost-effective feed to support their livestock. 

Insufficient soil N in grass-dominant pastures is the primary limiting factor for production and 

therefore pastures are very sensitive to N fertiliser. Soil N can be improved with the 

application of N fertiliser, biological fixation of N from legumes (100-300 kg N/ha/y) and from 

animal excreta (up to 1000 kg N/ha in a single urine patch). N in the form of nitrate (NO3-) or 

ammonia (NH3+) in the soil is taken up by the plant, rapidly, through the roots and utilised for 

growth and development. It is the ryegrass component that benefits most from N application 

since it competes more effectively for the extra N than clover does (Harris et al. 1996). 

Application of N fertiliser has limited effect on legume N concentration but a significant effect 

with increasing rates of N fertiliser on ryegrass N concentration (Martin 2018). For optimal 

plant growth in perennial grasses, the critical N content (%) is 4.8 x biomass (t DM/ha)-0.33 

(Lemaire et al. 2008). In a typical pasture at a pre graze mass of 3 t DM/ha the optimal herbage 

N content for growth would be 3.3%, while for most grazing dairy cows the optimal N would 

be 2.9% N. The main factor which influences the amount of N excreted is the amount of N 

ingested (Higgs et al. 2013).  

As N losses, from New Zealand dairy farms have raised concerns over the effect on the 

environment alternative growth promotors to N fertiliser have become of increased interest. 

An alternative is the use of GA, a naturally occurring growth promotor hormone which can 

improve DM production and has the potential to do so without increasing the N concentration 

of the sward and diet. N concentration in both perennial ryegrass and clover have been shown 

to be reduced following the application of GA (Finn et al. 1959, Brown et al. 1963). 

An important outcome of pastures is to supply energy and protein to ruminants. 

Above, the consequences of oversupply of protein are outlined. However, grazing ruminants 

also require high quality feed which is digestible and able to supply metabolisable energy to 
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meet production. Previous research has shown that use of GA can increase fibre content (van 

Rossum et al 2013) which may negatively affect digestibility and availability of nutrients. 

There is limited information comparing the long-term effects of GA and N fertiliser use on 

nutrient composition and digestibility of pastures. 

In chapter 3, DM production was maintained with the application of 16g GA/ha year 

and a reduced rate of 200kg N fertiliser/ha/y. While chapter 4 showed that increases in DM 

production were meet by PRG yield, through increases in leaf and sheath length. With the 

knowledge that responses to N fertiliser and GA are dependent on the species within the 

sward and that, in turn the species contribution can be influenced by N fertiliser (Sun et al. 

2008b) or GA application (Wittwer et al. 1957, Finn et al. 1958, Bryant et al. 2016) it is likely 

that forage composition and diet is also likely to be affected.  

The aim of this study was to compare the effects of applying GA in place of N fertiliser 

on the nutrient composition and availability for grazing ruminants, of the treated and 

untreated herbage, in particular: CP, and ME content in PRG and WC pasture.  

The purpose of the researched described in this chapter was to: 

• Investigate the effects of replacing N fertiliser with GA in spring and autumn on forage 

nutrient content, 

• Investigate the effects of replacing N fertiliser with GA in spring and autumn on forage 

nutrient availability.  

5.2 Materials and Methods 

Full details for materials and methodology of the trial site, design and management are given 

in Chapter 3. The methodology for collecting forage composition data is included here.  

5.2.1 Forage nutrient composition 

Pasture samples were taken prior to the harvests in spring and autumn for analysis of 

botanical composition. With one hand grabbing a handful of pasture and using hand shears 

in the other a cut of pasture was taken to grazing height at 10 random points across each plot, 

making sure to get enough pasture for analysis and a fair representative of the pasture 
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growing within each plot. The fresh pasture from each plot was put into a plastic bag and 

taken to the lab where the ample was tipped out and mixed thoroughly by hand. A sub sample 

of 50 g FW was immediately frozen for storage and later freeze dried and ground through a 1 

mm sieve (ZM200 rotor mill, Retsch Inc. Newton Pennsylvania, USA). The ground samples 

were then analysed using near infrared spectroscopy (NIRSystems 500, Foss, Maryland, USA) 

to obtain CP, ADF, NDF, WSC and digestibility of the organic matter in the DM (DOMD). DOMD 

was used to calculate ME (MJME = DOMD*0.16) (Geenty et al. 1992).  

5.3 Results 

5.3.1 Dry matter content 

Dry matter content of the pasture, averaged across all treatments and harvests was 

16.9±0.06%, highest in September (22.3±0.03%) and lowest in May (14.4±0.01%, Figure 6). 

Significant differences among treatments were detected in August (P=0.01) and March 

(P=0.04). Untreated and pasture treated with early GA had higher DM% in August than 

pasture treated with N fertiliser or N+GA. In March the untreated control had significantly 

lower DM than the other treatments.  

5.3.2 Crude Protein 

Replacing N fertiliser with GA reduced CP content in spring and autumn. Crude protein, 

averaged across all treatments and harvests was 20.7±4.3%, and was highest in August 

(22.1±2.3%) and lowest in October (16.7±1.8%). Timing of application of GA had significant 

impact on the CP composition of the pasture. Compared with pasture treated with N fertiliser, 

pasture treated with GA tended to have lower CP (Figure 7). In August pastures treated early 

with GA (i.e. Early GA, EL, ED and EDL) had significantly (P<0.001) lower CP (20.3±1.0%) 

compared to those treated with N fertiliser (23.6%). Application of N+GA resulted in similar 

CP content to N fertiliser alone, while the untreated control had significantly lower CP than N 

fertiliser.  

In September pastures treated with delayed GA (i.e. delayed GA, ED, DL and EDL) had 

significantly (P<0.001) lower CP content (20.3±0.5%) compared to N fertiliser (22.3%) and this 

occurred regardless of whether the previous, early application was GA or N fertiliser. 

Application of N+GA resulted in similar CP content compared to N fertiliser. Despite early and 
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delayed applications of GA resulting in lower CP in August and September by October 

treatments that received N fertiliser, or all GA (EDL) had similar CP.  

Early GA in autumn made no difference to CP in March however in April pastures that 

had received delayed GA (i.e. Delayed GA, ED and DL), except for EDL had significantly 

(P=0.02) lower CP (20.5±0.01%) compared with N fertiliser (22.5%). In May significant 

differences were no detected for CP between N fertiliser and GA however there was a 

tendency for pasture to have lower CP with more applications of GA and less N fertiliser.  

 

 

Figure 6 monthly dry matter percentage (% of fresh weight) of pasture treated with N 
fertiliser N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or 
EDL spring and autumn. ** = P<0.01 and * = P<0.05 

 

* ** 
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Figure 7 monthly crude protein content (% DM) of pasture treated with N fertiliser N+GA or 
GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or EDL spring and 
autumn. *** = P<0.001 and * = P<0.05 

5.3.3 Water soluble carbohydrates 

Replacing N fertiliser with GA had the tendency to increase WSC in early spring. Water soluble 

carbohydrate content, averaged across all treatments and harvests was 14.4±3.4%, highest in 

October (17.0±1.7%) and lowest in March (11.7±0.4%). Compared with N fertiliser pasture 

treated with GA tended to have higher WSC (Figure 8). Though, significant differences were 

only detected in August. In August pastures treated with early GA (i.e. Early GA, EL, ED and 

EDL) had significantly (P=0.01) higher WSC (13.1±0.2%) compared with N fertiliser (11.2%) 

indicating timing of GA may have an effect on WSC content.  

5.3.4 Fibre 

Replacing N fertiliser with GA in mid spring resulted in an increase ADF. While there was 

limited effect of replacing N fertiliser with GA on NDF. Acid detergent fibre, averaged across 

all treatments and harvests was 21.1±2.35%, being highest in March (23.1±0.70%) and lowest 

in September (19.9±0.87%). In September ADF was higher (P<0.001) in pasture treated with 

*** *** * * * 
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delayed GA (20.4%) compared with N fertiliser (19.7%) but there was limited effect of timing 

of frequency of GA application on ADF content at other times during spring and autumn 

(Figure 9). Neutral detergent fibre, averaged across all treatments and harvests was 

35.6±5.34%, being highest in March (38.9±1.02%) and lowest in October (33.6±3.18%) but 

there was limited effect of timing or frequency of GA application on NDF content in spring or 

autumn (Figure 10).  

 

 

Figure 8 monthly water-soluble carbohydrate content (% DM) of pasture treated with N 
fertiliser N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or 
EDL spring and autumn. ** = P<0.01 and * = P<0.05 
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Figure 9 monthly acid detergent fibre content (% DM) of pasture treated with N fertiliser 
N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or EDL spring 
and autumn. *** = P<0.001 and * = P<0.05 

 

 

Figure 10 monthly neutral detergent fibre content (% DM) of pasture treated with N fertiliser 
N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or EDL spring 
and autumn. ** = P<0.01 and * = P<0.05 

** * 

***
 

* 
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5.3.5 Metabolisable Energy 

Metabolisable energy, averaged across all treatments and harvests was 12.2±0.2MJME/kg 

DM, highest in September (12.8±0.26MJME/kg DM) and lowest in March (11.7±0.22MJME/kg 

DM). In September pasture that received delayed GA (ED, DL and EDL) had lower (P<0.001) 

ME (P<0.001, 12.7±0.12MJME/kg DM) compared with N fertiliser (12.9MJME/kg DM) but 

there were limited effects of timing and frequency of GA application on pasture ME at other 

times in spring and autumn (Figure 11).  

 

Figure 11 monthly metabolisable energy content (MJME/kg DM) of pasture treated with N 
fertiliser N+GA or GA in place of N fertiliser in early (E), delayed (D), late (L), ED, EL, DL or 
EDL spring and autumn. *** = P<0.001 and * = P<0.05 

5.4 Discussion 

5.4.1 Crude protein 

The timing of GA application appeared to be important in influencing protein composition of 

treated herbage. Pasture treated with early or delayed GA, in spring or delayed GA, in autumn 

had lower CP compared with pasture treated with N fertiliser. In a similar study, carried out 

in spring Bryant et al. (2016) reported that after one application of GA the CP content of PRG 

* *** 
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was reduced while the application of N fertiliser increased CP content. Generally the CP 

content of PRG and WC pasture is around 22 % DM with the CP content of PRG being naturally 

lower than WC (16% vs 27% DM, respectively; Litherland et al. 2007). In chapter 3, DM 

production was positively associated with increasing applications of N fertiliser. In chapter 4 

it was found that this increase in DM yield was achieved through increased PRG yield, as a 

result of longer leaves and numerical increases in tiller density after the application of N 

fertiliser. Therefore, because PRG rather than WC was responsible for increased DM 

production, this likely contributed to lower average CP content of the pasture. Where N 

fertiliser increases ryegrass CP (Sun et al. 2008b) the application of GA commonly reduces CP 

content of herbage (Matthew et al. 2009). Therefore, it is not surprising that the application 

of GA in this study reduced CP of the herbage while the application of N fertiliser tended to 

increase CP content. The CP of the pasture was still above the level, of 15% required by the 

animal for maintenance and production. 

5.4.2 Water soluble carbohydrate and fibre 

There were limited differences detected in the carbohydrate components of the plant, both 

in terms of the cell contents with WSC, or cell wall with ADF and NDF. Sun et al. (2008b) 

reported that at low rates of N fertiliser (50-75 kg N/ha/y) there were limited effects on 

digestibility, WSC and NDF of PRG. Variations in DOMD is related to changes in cell wall 

content which is likely to decline following N fertiliser in early regrowth (Peyraud et al. 1998). 

The likely reason for only small changes in composition could be attributed to increased 

tillering or growth which maintains a relatively consistent nutrient profile in new tillers. On 

the other hand, subtle increases in fibre content due to GA application could be linked to 

partitioning of new growth to plant parts such as sheath and stem instead of the more 

digestible leaf. There is limited research on the effect of GA on herbage quality but van 

Rossum et al. (2013) showed no effect of GA on chemical composition of a range of pasture 

types but showed that N fertiliser increased both CP and ME content. Bryant et al. (2016) 

reported that treatment of pastures with GA resulted in elongation of leaf and sheath and 

increased stem of PRG. This led to increased fibre and numerically lower digestibility of PRG. 

In the same study there was little effect of N fertiliser on organic matter digestibility. The 

conflicting results between van Rossum et al. (2013) and Bryant et al. (2016) is likely due to 

the timing of application (autumn vs spring) which affects how the plant partitions into 
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various plant parts and the cell type associated with those plant parts (i.e. more sheath and 

stem in spring, vs more clover in autumn). The sometime small differences in digestibly 

noticed is related to change in cell wall content which disappears with time. So in the current 

study where the whole growing season is considered, the long-term effect of GA on nutrient 

composition is limited. 

5.4.3 Metabolisable energy 

The limited effects of replacing N fertiliser with GA on WSC and fibre content is reflected in 

the ME content of the pastures. The quality of the pasture, indicated by ME was high 

(>11.5MJME/kg DM). Differences among treatments were only detected in September. 

pasture treated with N fertiliser was marginally better, in terms of higher ME, than GA. Higher 

ADF in September or the residual effects of increased sheath in early spring may have been 

the cause for reduced digestibility and therefore reduced ME in pasture treated with GA 

rather than N fertiliser. Other studies confirm that forage quality is not especially sensitive to 

the application of N fertiliser (Sun et al. 2008b) or GA (Matthew et al. 2009).  

5.4.4 Conclusion 

The yield increases observed in chapter 3 were largely due to the positive response of the 

PRG component in the sward. In chapter 4 PRG increased in response to N fertiliser and GA 

through leaf extension, and numerical increases in tiller density. While, under the cut and 

carry conditions of this study, WC was relatively unresponsive to either N fertiliser or GA 

application. The increase in PRG in response to N fertiliser and GA resulted in increases in CP 

content in the pasture following the application of N fertiliser and reduced CP content 

following the application of GA. Subtle changes in fibre content, with the application of GA 

may have been caused by small increases in sheath and stem length, which are more fibrous 

and less digestible. However, ME content was not especially sensitive to the application of N 

fertiliser or GA in this study.  
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Chapter 6 

The effects of substituting autumn nitrogen fertiliser with GA on 

feed supply and milk production 

This chapter has been published in the New Zealand Journal of Animal Science and 

Production. Volume 81 Pp 190-195; Effects-substituting-autumn-nitrogen-fertiliser-gibberellic-

acid-feed-supply-and-milk-production.pdf (nzsap.org). 

6.1 Introduction 

Late-season pasture growth drives lactation length as farms consider animal condition and 

pasture covers leading up to winter for their drying-off decisions. New Zealand dairy pastures 

are typically a combination of perennial ryegrass (Lolium perenne) and white clover (Trifolium 

repens) that provide a primary feed source to meet seasonal feed demands. Application of N-

based fertiliser is a standard practice used, throughout the season, to maximise pasture 

production. Over the past two decades, with increases in herd size and stocking rate, the 

demand for pasture has increased and, with this, the amount of N fertiliser used within New 

Zealand has more than doubled to a rate of over 400,000 tonnes N/y (New Zealand Fertiliser 

Association) of which 63% is used in the dairy industry. High rates of fertiliser N and urinary-

N are important sources for N loss (Ledgard et al. 1997) and the impact of this on the 

environment, particularly nitrate leaching, on water quality has been of growing concern 

(Ledgard et al. 1999, Ministry of Health 2022). Urinary-N deposited in autumn presents a high 

risk of N leaching due to low plant N uptake and high drainage during winter (Selbie et al. 

2014). While mitigation strategies continue to be investigated (de Klein et al. 2009, 

Whitehead et al. 2015, and Bryant et al. 2019) a key driver to reduce N surplus is to reduce N 

inputs. To regulate N fertiliser use, on farms the government has imposed N-caps which will 

have considerable impacts on the feed supply of N-reliant farms. An alternative option for 

managing feed supply in the absence of N fertiliser is the use of GA. GA, which is a naturally 

occurring growth hormone, stimulates cell elongation, breaks dormancy and, when applied 

exogenously, can stimulate out-of-season DM production (Matthew et al. 2009). Pasture 

response to low rates of exogenous GA (8-10 g GA/ha) include increased DM production in 

late winter, early spring (Bryant et al. 2016, Zaman et al. 2014) and autumn (van Rossum et 

https://www.nzsap.org/system/files/proceedings/effects-substituting-autumn-nitrogen-fertiliser-gibberellic-acid-feed-supply-and-milk-production.pdf
https://www.nzsap.org/system/files/proceedings/effects-substituting-autumn-nitrogen-fertiliser-gibberellic-acid-feed-supply-and-milk-production.pdf
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al. 2013, Zaman et al. 2014) and reduction in herbage protein percent (Bryant et al. 2016). 

While these responses, which have been observed in small plot studies, offer an opportunity 

for farmers to reduce N intake and maintain milk yield there has been no paddock scale 

studies to test these hypotheses. The aim of this study was to determine the impact of using 

GA in late lactation on pasture production, milk yield and N-use efficiency for milk production. 

6.2 Materials and Method 

6.2.1 Site and design 

A grazing trial was carried out on the Lincoln University Research Dairy Farm (43°38’S, 

172°28’E; 17 m above sea level) between March and May 2014 with approval from the Lincoln 

University Animal Ethics Committee (#567). The soil type is a Templeton fine sandy loam. The 

pasture is a tetraploid perennial ryegrass (cv. Bealey, AR37) and white clover (cv. Kopu II) 

pasture, sown in 2011. The area had been irrigated with effluent during non-grazing periods. 

The six-hectare experimental area consisted of 4 x 1.5 ha paddocks. The experiment was a 

completely randomised design consisting of three treatments: no fertiliser or GA (Control), N 

fertiliser (urea, Ravensdown) and GA (ProGibb® SG, Nufarm 2009). 
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Figure 12 mob of cows grazing the control treatment pasture on their final day of the milk 
yield trial. 

6.2.2 Treatment application and pasture preparation  

Four weeks prior to the experiment (27 March 2014) each paddock was grazed, by dairy cows 

over several days, followed by mowing to a uniform compressed height of approximately 3.5 

cm. Within three days of mowing, N fertiliser was applied as granules at a rate of 50 kg N/ha 

as urea (46% N) while the GA was applied as a foliage application at a rate of 8 g GA/ha as 

ProGibb® SG liquid fertiliser (40% GA). The GA was diluted with 200 L/ha water along with a 

surfactant, (Contact™ 0.25 ml/L) and sprayed across the treatment area. The area was left to 

regrow for 32 days until it reached a minimum pre-grazing compressed height of 9±0.5cm, or 

20 clicks of the rising plate meter (RPM, Jenquip F150 Electronic Pasture Meter) which is 

equivalent to 3300 kg DM/ha based on the standard equation (kg DM/ha = 140 x RPM clicks 

+ 500).  

Thirty-six mixed-age, Friesian x Jersey cows were allocated to one of three treatment 

groups based on covariate milk solids (MS) production (1.4±0.01 kg MS/cow/day), milk 

protein (0.6±0.01 kg protein/cow/day), live weight (499±1.7 kg) and days in milk (20± 0.5 

days) which was measured a week prior to commencing the study. Groups were randomly 

assigned to one of the three pasture treatments and adapted to experimental conditions over 
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six days from 1 May 2014. Temporary electric fencing was used to achieve a target allocation 

at 35 kg DM/cow/day above ground level based on pasture mass which was estimated using 

the RPM and winter equation (kg DM/ha = 140 x compressed height + 500). Cows had ad lib 

access to clean water in portable troughs and were milked twice a day at 0600h and 1500h 

and received a new allocation of pasture after each morning milking.  

6.2.3 Herbage measurements 

Throughout the study pasture mass was measured pre- and post-grazing, by harvesting six 

quadrats per treatment every other day (n=66 quadrats/treatment). All plant material within 

0.2m2 quadrats was harvested to soil level, washed and the dry weight recorded  after force 

air oven drying to a constant weight at 60°C. Immediately prior to harvesting each quadrat 

the compressed height of pasture in the quadrat area was measured with the RPM to confirm 

the pasture mass calibration and determine apparent DM intake (kg DM/cow/day) using the 

disappearance method. 

Calibration equations derived from regression analysis were: 

Control kg DM/ha = 92*RPM (r2=0.91, n=66),  

GA kg DM/ha = 83*RPM (r2=0.93, n=66)  

N fertiliser kg DM/ha = 91*RPM (r2=0.93, n=66). 

Herbage samples for nutritive analysis were collected daily by cutting pasture to the 

target residual grazing height of 3.5 compressed cm at 10 random locations per treatment. 

The sample was mixed thoroughly and a sub-sample of approximately 20 g fresh weight (FW) 

was sorted into ryegrass vegetative, ryegrass reproductive, white clover, weeds and dead 

material. These were then oven dried at 60°C for 48 hours and dry weights recorded. These 

data were used for botanical composition analysis. 

Species (%) = g DM of species/g DM total in the sample 

Another 50g FW sub-sample was immediately frozen at 20°C and later freeze dried 

and ground through a 1 mm sieve (ZM200 rotor mill, Retsch Inc. Newton Pennsylvania, USA). 

The ground samples were then analysed using near-infrared spectroscopy (NIRSystems 500, 
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Foss, Maryland, USA) to obtain CP, acid detergent fibre (ADF), neutral detergent fibre (NDF), 

water-soluble carbohydrate (WSC) and digestibility of the organic matter in the DM (DOMD). 

DOMD was used to calculate ME content of the samples (Geenty et al. 1992). 

6.2.4 Animal measurements 

Milk yields for each cow were downloaded daily (Delaval Alpro Herd Management system, 

Hamilton, New Zealand). Milk subsamples were collected at morning and afternoon milking 

on days 7, 10 and 12 and used to analyse milk fat and protein content (Foss Fourier Transform 

infrared analyser) and milk-urea N (MUN). Milk-urea N was determined on skimmed milk after 

cooling and centrifuging to remove fat and analysed by an automated Modular P analyser 

(Roche/Hitachi). Faecal and urine samples were collected on days 7 and 10 after morning and 

afternoon milking. Faecal samples were collected by manually stimulating defecation. Urine 

samples were collected mid-stream after stimulation by rubbing the vulva by hand and 

acidified immediately with 5 drops of sulphuric acid to prevent volatilization. Faecal and urine 

samples were stored frozen (-20°C). Faecal samples were thawed at 4°C for 24 hours. A 

thoroughly mixed subsample of about 20 g FW was weighed and then oven dried at 100°C for 

48 hours, then re-weighed to determine DM%. Another subsample of about 30 g FW was 

freeze dried for five days at 0.5 mbar, ground through a 1 mm grinder and analysed for N% 

using an Elemental Analyser (vario MAX CN, Analysensysteme GmbH. Hanau, Germany). Urine 

samples were thawed at 4°C and analysed for urea, ammonia, N% (Elemental Analyser) and 

creatinine (kinetic colorimetric assay, Roche Creatinine Jaffe kit). 

6.2.5 Statistical analysis 

Calibration coefficients for the RPM were derived by linear regression of compressed height 

and herbage mass. Herbage parameters were analysed using the general-linear-model 

procedure of Genstat (19th Edition, VSN International Ltd), using sampling date as replicate 

(since each sampling date was a different allocation) and fertiliser treatment as fixed terms in 

the model. Milk yield and milk composition parameters from the three herd test days (7, 10 

and 12) were analysed for variance by repeated-measures analysis in Genstat using baseline 

values as covariates. Again, fertiliser treatment was used as the fixed term in the model and 

animal was the random term. An effect was considered statistically significant if the P value 

was less than 0.05.  
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6.3  Results 

6.3.1 Climate 

The cumulative rainfall during the regrowth period, to the grazing period was 142 mm. During 

the grazing period the cumulative rainfall was 26 mm (Table 13). During the regrowth period 

the average daily air temperature was 13.2°C with a max. of 17.0°C and a min. of 8.1°C. During 

the grazing period, the average daily air temperature was 10.5°C with a max. of 17.7°C and a 

min. of 7.5°C. During the regrowth period the average daily soil temperature to 10 cm at 9am 

was 12.6°C with a max. of 14.9°C and min. of 8.1°C. During the grazing period, the average 

daily soil temperature to 10 cm was 9.5°C with a max. of 11.9 and min. of 7.6°C. 

 

Table 13 mean (± standard deviation, SD) weekly rainfall (mm), air temperature, and soil 
temperature to 10 cm below ground level (°C) from the start of the regrowth period (March 
27 2014) to the last day of the trial (May 12 2014). 

  Temperature    
Week 
commencing Soil SD Air SD Rainfall 

27/03/2014 13.2 1.72 14.6 1.55 0 

3/04/2014 14.0 1.11 14.0 1.58 49.0 

10/04/2014 12.7 1.49 12.3 2.02 15.4 

17/04/2014 12.1 1.25 13.2 2.57 40.0 

24/04/2014 9.8 1.51 10.5 2.85 56.8 

1/05/2014 9.8 1.77 11.8 3.50 0 

8/05/2014 8.4 0.92 9.3 0.89 6.0 

6.3.2 Pasture 

Due to the low calibration coefficients for the RPM, both the average pre- and post- grazing 

pasture mass were low though, there was no difference in herbage mass among treatments 

(Table 2). Similarly, pasture treatment had no effect on botanical composition whereby clover 

and dead material combined represented less than 10% of the biomass (Table 14). The lack 

of effect of treatments on herbage mass and botanical composition resulted in no difference 

in the nutritive value of the pasture. Average DM was low (11.4±1.14%), which influenced the 

pre-grazing pasture mass. Crude protein content was normal and ranged between 16 and 20% 
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of the DM. Digestibility of organic matter in the DM was 80% resulting in ME of 12.1±0.09 

MJME/kg DM.  

6.3.3 Intake and milk production 

At similar herbage allocation, GA or N fertiliser application in autumn had no effect on DM 

intake or milk production (Table 15). The daily pasture allocation, above ground level, was 

20±1.7 kg DM/cow/day with 72% utilisation, resulting in a mean apparent intake of 14±1.1 kg 

DM/cow/day. Although there were no differences in milk yield (14.6±0.40 L/day, P=0.70) or 

MS yield (1.4±0.09 kg MS/cow/d, P=0.13) among treatments, there was a tendency (P=0.06) 

for greater milk protein content from cows in the control group than GA or N fertiliser 

treatments. There was no effect of treatment on liveweight or BCS.  

Table 14 pre-grazing pasture mass (kg DM/ha), botanical composition (% of biomass) and 
nutritive value (% of biomass), of untreated pasture (Control) or pasture previously treated 
with urea (N fertiliser) or gibberellic acid (GA). 

Variate Control N 
fertiliser GA SEM P value 

Pasture mass  2086 2121 1968 61.6 0.20 
Ryegrass  87.8 90.4 85.8 1.88 0.24 
Clover  3.31 2.94 4.65 1.11 0.53 
Dead  3.47 3.31 4.64 0.91 0.54 
Weed  5.44 3.33 4.95 1.50 0.59 
Sheath: leaf 20.8 20.3 19.5 1.92 0.89 
DM  12.7 11.1 10.4 1.03 0.32 
ADF  22.4 22.6 23.0 0.25 0.28 
NDF  40.3 39.8 40.7 0.94 0.79 
WSC  16.5 15.2 15.6 0.52 0.22 
CP  18.8 20.3 19.2 0.67 0.26 
WSC: CP 0.88 0.77 0.82 0.04 0.23 
DOMD 80.0 79.9 78.5 0.77 0.32 
ME (MJ/kg DM) 12.2 12.1 11.9 0.11 0.32 

SEM = standard error of the mean, ADF = acid detergent fibre, WSC = water-soluble carbohydrate, 

NDF = neutral detergent fibre, CP = crude protein, ME = metabolisable energy, ryegrass, white clover, 

dead material, weed and sheath-to-leaf ratio. 
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Table 15 allocation, dry-matter (DM) intake and milk production of cows grazing untreated 
pasture (Control), or pasture previously treated with urea (N fertiliser) or gibberellic acid 
(GA). 

Variate Control N fertiliser GA SEM P value 
Allocation above ground (kg 
DM/cow/d) 21.9 19.9 18.6 1.85 0.45 

Compressed post-graze height (cm) 3.6 3.4 3.7 0.18 0.64 
Post graze pasture mass (kg DM/ha) 655 624 611 31.4 0.60 
Intake (kg DM/cow/d) 15.0 12.9 13.3 1.04 0.34 
ME intake 176 150 154 12.2 0.30 
Milk      

Yield (kg/d) 15.0 14.2 14.6 0.68 0.71 
Fat (%) 5.66 5.49 5.00 0.24 0.16 
Fat (kg) 0.84 0.77 0.73 0.04 0.17 
Protein (%) 4.62 4.39 4.21 0.12 0.06 
Protein (kg) 0.69 0.62 0.62 0.03 0.12 
Milk solids (kg) 1.53 1.38 1.35 0.07 0.14 

SEM = standard error of the mean 

6.3.4 Nitrogen intake and excretion in faeces, urine and milk 

Nitrogen intake (453±20.5 g N/cow/day, P=0.75) and faecal DM content (9.1 ± 0.53%DM, 

P=0.16) were similar among treatment groups (Table 16). Cows grazing pasture treated with 

GA had higher (P<0.001) faecal-N content (3.72% N) than the control (3.38% N). Urinary-N 

content (0.4±0.02% N, P=0.33) was similar among treatment groups. Treatment groups had 

similar ammonia, creatinine, and urea concentrations in urine. Milk-urea N (88.9±1.04 

mmol/L, P=0.97) and milk-N excretion (101±5.7 g N/cow/d, P=0.12) were similar among 

treatment groups as was N-use efficiency for milk (23.6±0.01 %, P=0.51). 
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Table 16 nitrogen (N) intake, faecal dry-matter (DM) and N (%), urine ammonia, creatinine, 
urea and N concentration, milk-urea N (MUN), total N excretion and N use efficiency for milk 
(NUE) of cows grazing untreated pasture (Control) or pasture previously treated with urea 
(N fertiliser) or gibberellic acid (GA). 

Variate Control N 
fertiliser GA SEM P value 

Estimated N intake (g N/c/d) 470 429 460 39.6 0.75 
Faeces      

DM % 9.17 9.56 8.51 0.387 0.16 
N % 3.38 3.45 3.72 0.066 <0.001 
Urine      

Ammonia (mmol/l) 0.94 0.83 0.78 0.077 0.31 
Creatinine (mmol/l) 1.39 1.34 1.42 0.096 0.81 
Urea (mmol/l) 100.7 91.6 103.2 5.37 0.28 
N concentration (g/dL) 4.04 3.73 4.10 0.24 0.33 
Milk      
MUN (mmol/L) 88.1 90.1 88.6 4.89 0.95 
N excretion (g N/c/d) 108 97.0 96.9 4.40  0.12  
NUE for milk (%) 23.0 21.5 24.8 2.00 0.51 

SEM = standard error of the mean 

6.4 Discussion 

6.4.1 Pasture response to nitrogen or gibberellic acid 

There was no response in DM production to the application of N fertiliser or GA in late March 

through May. The lack of a pasture response to either GA or N was an unexpected outcome 

as climate conditions were suitable for growth. Although the pre-graze herbage mass in May 

was low, at 2000 kg DM/ha, accumulation from a starting cover of around 690 kg DM/ha after 

mowing in March indicates a reasonable growth rate of 41 kg DM/ha/d. There was little dead 

material at the base of the sward and the absence of clover stolon or large tiller populations 

attribute to the low pasture mass. While this explains the low pasture mass it doesn’t explain 

the lack of a treatment effect. Factors that could have contributed to lack of response to N 

fertiliser and GA include: declining temperatures and day length, long regrowth interval, high 

soil N availability from effluent and, with respect to GA, the long regrowth interval. Although 

the mode of action of N fertiliser and GA differ when applied to pasture, climatic conditions 

will influence ryegrass growth irrespective of treatment. From application to the start of the 

grazing study 32 days later, soil temperatures declined from 12.6 to 9.5°C, although still above 
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the threshold for ryegrass growth and day length from 12 to 10 hours. While it is possible to 

get a response to N fertiliser in autumn there is often a lower response efficiency in autumn 

than in spring (Cameron et al. 2005; Sun et al. 2008b). Of the factors contributing to low 

autumn response to N, in this study it is likely that N wasn’t limiting, the pasture herbage N 

content was >3% of the DM and the lack of clover in this instance is more likely to reflect 

increased competition from ryegrass under high soil mineral N from historic effluent 

application.  

Because pasture growth rates decline naturally as daylength and temperatures decline 

the response to application of GA in autumn was expected to be less than in spring, based on 

previous studies (van Rossum et al. 2013, Zaman et al. 2014). Nevertheless, a response was 

expected, though it is likely that the duration between applying GA and harvesting pasture 

may be an important determinant in the size of the response relative to the control. Both the 

observations of Ball et al. (2012) who showed a shift in partitioning from above to below 

ground and the yield reductions in subsequent regrowth after application reviewed by 

Matthew et al. (2009) imply that applying exogenous GA induces a response that involves 

moving carbon to alternative destinations around the plant, and this balances out over time. 

This study was conducted five to six weeks after the application of GA and, therefore, the 

initial response to GA may have disappeared over the extended regrowth period. 

6.4.2 Milk production and nitrogen use efficiency 

There were limited effects of the treatments on milk yield, milk composition or N-use 

efficiency for milk. Although allocation was lower than target, due to the difference in plate 

meter calibration for pasture mass (manufacturer versus experimental) used during and after 

the trial, there was no difference in allocation (20 kg DM/cow/day) or apparent intake (14 kg 

DM/cow/day) among treatments. With similarities in botanical composition and nutritive 

value, the diets consumed by each treatment group were very similar. It was expected that 

diet changes may have affected herbage protein and N-use efficiency for milk, including 

changes in milk urea concentration as an indication of protein nutrition. The elevated spot 

faecal N% of cows in the GA group is surprising given the lack of statistical difference in N 

intake and milk N. From a numerical N balance perspective, the GA cows had the most surplus 

N and, perhaps this is why faecal N is higher, although we question the reliability of spot 
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samples in the absence of consistence in other variables such as milk urea, N intake and milk 

N.  

We are not aware of any published studies to date of the effect of GA on animal 

production. In a previous study (Allen 2010) we treated perennial ryegrass and white clover 

pastures with GA (8g GA/ha) or N fertiliser (50kg N/ha) in early March and, after 29 days 

regrowth, compared milk yield of cows grazing treated pastures. In that study there was no 

effect of GA or N on pasture response or milk yield. However, applying GA in that study 

reduced herbage N content, increased clover content, and reduced apparent N intake, which 

has implications on lower urinary N excretion. Key findings of both that study and the current 

study were that replacing N fertiliser with GA in autumn is likely to lead to similar pasture 

production and maintain milk yield. If soil N is not limiting pasture production, then there is 

little justification for late season use of N fertiliser. Provided the timing of grazing following 

GA application is early enough to capture the benefits then there may be value in GA use in 

the autumn to replace N fertiliser. 

6.4.3 Conclusion 

The timing of fertiliser application and grazing following application are important factors to 

consider in farm-management practices. When pasture growth rates are low due to rainfall, 

temperature, or daylength, it is likely that there will be a limited response in DM production 

to the application of GA in mid-to-late autumn. Minimal changes to DM production and 

botanical composition resulted in no difference in nutritive value and, in this study animal 

performance was not affected by the application of GA in late autumn.  



  

74 
 

Chapter 7  

General Discussion 

7.1 Introduction 

New Zealand dairy pastures, used for grazing are typically PRG and WC and respond well to N 

fertiliser (5-15kg DM/kg N, Moot et al. 2007). While historical use of high quantities of N 

fertiliser (>250 kg N/ha/y) have supported high stocking rates and profitability, the 

agricultural industry now faces pressure to reduce reliance on N fertiliser. High rates of N 

fertiliser have resulted in large soil N losses, typically through nitrate leaching, into 

groundwater and nitrous oxide emissions to the atmosphere. Now, farmers are obligated to 

reduce their use of N fertiliser (to no more than 190kg N/ha/y), due to restrictions put in 

place, by the government, to alleviate the effects of N losses on the environment. The loss in 

DM yield and feed supply at critical times during the year will have large implications for 

farming system and put increasing pressure on farmers to use additional feed supplements 

or reduced stocking rates. In this research we investigated whether disruption to feed supply 

(pasture growth) could be mitigated with GA. Questions around how much and when GA can 

be used were an important part of this research. 

7.2 Pasture response 

There was an increase in annual DM production when GA was applied on multiple occasions 

in spring and autumn with 100-200 kg N/ha/y. The results from the DM production study 

found that annual N fertiliser, at a reduced rate of 200 kg N/ha/y with 16 g GA/ha/y offered 

a similar opportunity to maintain annual pasture production compared to the standard 250 

kg N/ha/y, with or without GA (17.6±0.31 t DM/ha compared to 18.3±0.40 t DM/ha/y). As the 

number of N applications were increasingly replaced by GA application herbage yield declined 

(Table 6). The results of this research demonstrated the positive relationship between N 

fertiliser and annual herbage accumulation, which in this study resulted in a response of 12-

14 kg DM/kg N under cut and carry conditions. In contrast with N fertiliser there was little 

evidence of a relationship between GA application (0-46 g GA/ha/y) and herbage yield. This 

highlighted the differences in how N fertiliser and GA elicit growth in different ways. Where, 

N fertiliser enhances growth through increased tillering and leaf expansion (Harris et al. 1996, 
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Sun et al. 2008b), GA stimulates growth through leaf and stem elongation which increases 

tiller size (Matthew et al. 2009; Table 9 and 10). The results, of this study supports previous 

results showing that in spring the combination of N+GA yielded 12% more total biomass than 

N alone (Ghani et al. 2014, Bryant et al. 2012, Ball et al. 2012). 

Many studies have demonstrated the positive immediate response of pastures to GA 

(Table 2), with several studies showing that this initial response is short-lived as yield 

reductions in the second regrowth can lead to there being no net gain in yield (Bryant et al. 

2016). This is the first research the author is aware of reporting annual DM yield when using 

GA. Continued use of GA appeared to have no effect on annual DM yield (Table 6). Our results 

are somewhat confounded with N fertiliser as every GA application replaced an N application. 

However, the increasing use of N fertiliser showed yield benefits. The lack of pasture response 

to multiple applications of GA could have been due to seasonal changes in plant 

developmental state, temperature or N availability (Ball et al. 2012). In the current study, N 

supply was an important factor which determined DM yield, which, appeared to decline in 

response to repeat applications of GA. Indicating that N availability had more of an effect on 

DM production, than the use of repeat applications of GA. Ball et al. (2012) found that in 

winter a response to GA was observed even at low N whereas, only small responses to GA 

were observed in summer at high N, indicating that seasonal changes in plant development 

state was more important than N supply for achieving a response to GA. However, that study 

only looked at the response to a single application of GA while the current study used more 

than one (i.e. replaced N more often). Temperature was unlikely to be limiting growth in the 

current study because applications of N fertiliser and GA were applied when soil temperature 

was above 7.5°C and irrigation meant that soil moisture was also unlikely to be a limiting 

factor.  

With respect to the timing of GA applications this study demonstrated that applying 

N in early spring and delaying GA application to September or October resulted in greater 

spring DM yields and N response than using GA early in August. The delayed response to GA 

application is likely due to the early provision of mineral N when the natural soil available N 

are low. Also, low temperatures may limit GA response in early spring. Based on current 

results we would suggest that yield reduction can be avoided with either co-applications with 

N or delaying GA application until the second regrowth and applying N fertiliser in the first 
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regrowth. On the other hand, in autumn, when N is generally not limiting, our results showed 

that GA alone increased yield compared with the control treatment and achieved similar 

yields to using N fertiliser. The challenge with using GA in autumn is the long regrowth 

intervals required to reach optimum grazing height. Grazing should occur within 28 days of 

application of GA (Edmeades, 2009). Poor response to GA or N was experienced in a grazing 

study (Chapter 6, Miller et al. 2021), where application of GA in April resulted in lack of pasture 

response compared with N fertiliser or no treatment.  

With respect to frequency of GA application this study demonstrated that applying a 

single application of GA in spring and autumn, in place of N fertiliser is possible with no 

compromise to yield. Though, with increasing replacement of N with GA, yield reductions are 

probable. Again, it is likely that this was due to the diminishing availability of N rather than 

the increased use of GA. Supporting this idea was the improved response to N fertiliser with 

double versus single applications of GA. 

The results from the botanical study showed that PRG had a better response to both 

N fertiliser and GA than WC, having improved spring yields with delayed or late applications. 

The percentage of WC in the sward declined, while PRG increased, however when expressed 

as a yield PRG increased in response to GA and N fertiliser while WC remained similar to the 

untreated control. Other research suggests that legumes can be more responsive to GA than 

grasses (Finn et al. 1959, Percival, 1980). In the current study, it is possible that the lack of 

response in WC to GA may have been due to the age of the pasture (Westbrook et al. 1955, 

Thurber et al. 1958), being less than 18 months old or due to the adequate availability of N 

(Harris et al. 1996) with alternating applications. On the other hand, the responsiveness of 

PRG was not surprising, meeting expectations for enhanced growth, through increased 

tillering, in response to N fertiliser (Harris et al. 1996, Sun et al. 2008b) and through reserve 

mobilisation and leaf and stem elongation, which increases tiller size, in response to 

exogenous application of GA (Mitchell, 1956, Matthew et al. 2009). 

Replacing N fertiliser with GA resulted in pasture with lower CP content. In this study 

DM production was driven by the response in PRG to N fertiliser and GA. The way each of 

these encourage growth are probably factors for the differences in CP content. Application of 

N fertiliser results in a rapid uptake of N, increasing tiller numbers and plant growth resulting 
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in an increased herbage N concentration (Sun et al. 2008b). On the other hand, when GA is 

applied, DM yield can be achieved at a lower herbage N content (Zaman et al. 2014, Bryant 

et al. 2016) compared to untreated controls. Therefore, it was not surprising, in the current 

study that the application of N fertiliser resulted in pasture with higher CP content compared 

with the untreated control. There was limited effect of replacing N fertiliser with GA on WSC, 

fibre and ME content. This may have been due to subtle increase in sheath length from the 

application of early spring GA. Though, in a similar way to other studies forage nutritive value 

was not particularly sensitive to the application of N fertiliser (Sun et al. 2008b) or GA 

(Matthew et al. 2009). 

7.3 Autumn feed supply and milk production response 

The grazing study was an extension of the plot trial, looking at the effects of replacing N 

fertiliser with delayed GA, in autumn on late season pasture and animal production. Climatic 

conditions were favourable to growth and therefore it was surprising not to see a response. 

Factors that could have contributed to the lack of response to N fertiliser and GA included: 

declining temperatures and day length, high soil N availability from effluent and, with respect 

to GA, the long regrowth interval (i.e. >28 days). Although temperatures were still above the 

threshold for growth, declining temperatures may have lowered the response efficiency in 

autumn, compared to what might be expected in spring (Cameron et al. 2005, Sun et al. 

2008b). Due to the trial area being under effluent irrigation it is likely that N was not a limiting 

nutrient for growth in autumn. Herbage N content was above 3% and the lack of WC, in this 

instance is likely to reflect increased competition from PRG under high soil miner N from the 

effluent. It is likely that the duration between applying GA and harvesting pasture may be an 

important determine in the size of the response relative to the control. This study was 

conducted five to six weeks after the application of GA and, therefore, the initial response to 

GA may have disappeared (Edmeades, 2009) over the extended regrowth period.  

There was no difference among treatment groups for pasture allocation (20 kg 

DM/cow/day) or apparent intake (14kg DM/cow/day). Similarities in botanical composition 

and nutritive value meant that diets consumed by each group of cows was very similar. 

Overall, in this study there were limited effects of treatments on milk yield, milk composition 

or N-use efficiency for milk. The current study is the only one to date that has been published, 



  

78 
 

on the effects of GA on animal production. In a previous, unpublished study (Allen 2010) there 

was no effect of GA or N on pasture response or milk yield. However, applying GA in that 

study reduced herbage N content, increased WC content, and reduced apparent N intake. 

From these two studies it has been found that replacing N fertiliser with GA in autumn is likely 

to lead to similar pasture production and maintain milk yield. Providing the timing of grazing, 

following GA application is early enough to capture the benefits there may be value in GA use 

in autumn to replace N fertiliser.  

7.4 Implications  

The use of GA in place of N fertiliser offers a potential, cost effective alternative for farmers 

to improve pasture growth above what they can at the new, limited rate of 190kg N/ha/year 

(Table 17). Applying GA in place of N fertiliser in spring offers similar productivity to N 

fertiliser, though subsequent regrowth may be affected. Farmers may only need to replace 

one or two application of N fertiliser per year to reduce their annual application. Current 

research suggest that GA could be used in place of N fertiliser in the second or third grazing 

rotation in spring or near the end of the season in autumn. A farmer needs to compare the 

effects of reduced annual production with the cost of urea or ProGibb SG® application. The 

yield benefits from application of GA may come as a production benefit while the application 

of more N fertiliser may come at a greater cost (Table 17). 

Gibberellic acid may also be used in place of N where the annual use of N fertiliser is 

already at the limit (i.e. in autumn) or early in the season (i.e. spring), saving the N applications 

for periods where pasture supply may be limited due to unfavourable growing conditions, 

which may affect subsequent grazing rotations. 
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Table 17 annual cost ($/ha/y) of using N fertiliser (as Urea) or GA (as ProGibb SG®) and 
possible yields based on those calculated in this study and alternative fertiliser regimens. 
Where E = early GA, D = delayed GA and L = late GA.  

Rate applied 
(/ha/y) Cost ($/ha/y) DM 

response Annual cost Fertiliser 
regimen  

N (kg) GA (g) N  GA  (t DM/ha/y) ($/ha/y) ($/kg 
DM) 

250 0 732.5 0 3.7 732.5 0.20 N 
fertiliser 

250 80 732.5 100.8 3.7 833.3 0.23 N+GA 

200 16 586.0 20.16 3.0 606.2 0.20 E, D, L 

150 32 439.5 40.32 2.2 479.8 0.22 ED, EL, DL 

100 48 293.0 60.48 2.1 353.5 0.17 EDL 

0 0 0 0 - 0 -  Untreated 
Costs are based on current (August 2022) prices of Urea at Ravensdown ($1350/tonne at 46 %N; 
http://www.ravensdown.co.nz/products/fertiliser/urea) and ProGibb SG® at PGG Wrightsons ($2519/5 kg at 
40 % GA; http://store.pggwrightsons.co.nz/progibb-sg-00842). 

7.5 Limitations 

The main limitation of this study was that it was a cut and carry, plot trial experiment where 

pastures did not receive the same treatment to that of a real pasture on the farm. Herbage 

was removed without any replacement of nutrients, other than N fertiliser, through fertiliser 

applications or animal excreta during grazing.  Also, the pastures were not subject to 

preferential grazing or other grazing pressures such as pugging. Because we were aware that 

nutrient supply would diminish over time the trial only ran for one season. Soil fertility would 

need to be monitored and other nutrients applied accordingly (i.e. potassium, phosphorus 

and sulphur) if the trial was to continue for another season. Another limitation to a single 

season trial was that the data collected over one year would not have accounted for annual 

variations cause by variables such as weather condition (i.e. dry summers or cold winters) or 

errors in sample collection.  

The experimental design prevented us from fully separating the effects of N versus the 

effects of GA. By replacing one for the other the specific product responses are somewhat 

confounded. However, our conclusions regarding the importance of N fertiliser on growth are 

well supported by historical research and first principles science in the role of N in plant 

growth. Equally the impact of applying multiple applications of GA on above ground yield has 

http://www.ravensdown.co.nz/products/fertiliser/urea
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resulted in outcomes that align with the literature. Measurements which would have 

strengthened our conclusions would have included root measurements to fully understand 

the effects of GA on assimilate partitioning. Another treatment to test the direct effects of GA 

would have been to do, for example, early, delayed or late GA, in place of N fertiliser verses 

early, delayed or late nil treatment (i.e. no GA and no N) in place of N fertiliser. 

7.6 General Conclusions 

The use of GA in place of N fertiliser in spring and autumn is a cost-effective tool for reducing 

annual rates of N use, in response to government regulations and can offer; yield increases at 

the time of application in spring and autumn, reduced CP content of pasture compared with 

N fertiliser, but not less than that required for animal production and improve the response 

to N fertiliser in subsequent regrowths.  

This is the first research to report the effects of single or multiple applications of GA 

on annual above ground pasture production. The results show that N fertiliser is far more 

important in driving herbage yield than the plant growth regulator GA. However, due to the 

high potential for growth in spring, GA used in combination with N fertiliser can improve 

production, though applied alone in place of N spring use of GA will likely limit pasture 

productivity. It was found that there was no difference in pasture production in autumn 

whether GA or N was used. To meet N fertiliser caps, GA can be used effectively in autumn to 

maintain herbage yield in replacement of N. 

Yield increases were driven by a positive response from PRG. Perennial ryegrass 

increased in response to N fertiliser and GA through increases in leaf length, and numerical 

increases in tiller density. Under the cut and carry conditions of this study, WC was relatively 

unresponsive to either N fertiliser or GA application. 

The increase in PRG in response to N fertiliser and GA resulted in increases in CP 

content in the pasture following the application of N fertiliser, and reduced CP content 

following the application of GA. Subtle changes in fibre content, with the application of GA 

may have been caused by small increases in sheath and stem length, which are more fibrous 

and less digestible. However, in common with most other studies ME content was not 

especially sensitive to the application of N fertiliser or GA in this study.   
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The timing of fertiliser application and grazing following application are important 

factors to consider in farm-management practices. When pasture growth rates are low due 

to rainfall, temperature, or daylength, it is likely that there will be a limited response in DM 

production to the application of GA in mid-to-late autumn. Minimal changes to DM 

production and botanical composition resulted in no difference in nutritive value and, in this 

study animal performance was not affected by the application of GA in late autumn.  
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