
Proceedings of the 18th Australian Society of Agronomy Conference, 24 – 28 September 2017, Ballarat, Australia © 2017. 

(http://www.agronomyaustraliaproceedings.org/) 

1 

Do differences in yield components explain poor grain yield responses to 

Phosphorus fertiliser?  
 

K Dunsford12, R Armstrong1 and R Launder3 

 
1 Agriculture Victoria Research, 110 Natimuk Road, Horsham, VIC 3400, katherine.dunsford@ecodev.vic.gov.au  
2 La Trobe University, 5 Ring Road, Bundoora, VIC 3086 
3 PB Seeds, 1324 Blue Ribbon Road, Kalkee, VIC 3401 

 

 

Abstract 

Early vegetative responses of wheat to phosphorus (P) fertiliser often diminish by grain maturity but the 

underlying causes of this change are not well understood. A field trial which was conducted on a Vertosol, 

with a low available P concentration, in the Victorian Wimmera, examined the growth of wheat (cv. Emu 

Rock) in response to applications of different P fertilisers. Normalized Difference Vegetation Index (NDVI), 

a proxy for aboveground biomass, responded to some of the P fertiliser products during stem elongation. A 

subset of treatments were sub-sampled to investigate whether this early responsiveness of wheat to P 

fertiliser was maintained through to grain maturity as well as gain more detailed information on changes to 

yield components. Phosphorus fertiliser had no significant impact on biomass, grain yield or harvest index, 

despite the early vegetative responses. Changes in the yield components suggest that the increased yield 

potential resulting from P application was not realised and the cause for this may be inadequate soil water 

supply during the latter part of the growing season.  
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Introduction 

Early vegetative responses to Phosphorus (P) fertiliser often decline or even disappear as the season 

progresses. Frequently there is little  grain yield response to P application on alkaline soils in south-east 

Australia despite soil tests indicating low plant available P (Armstrong et al. 2008; Mason et al. 2010; 

McDonald et al. 2015). These poor grain yield responses are not accompanied by a decrease in harvest index 

(McDonald et al. 2015), which are typically associated with “haying off” in the presence of excess N (van 

Herwaarden et al. 1998). This suggests that a different mechanism may be responsible. Few studies reporting 

these poor yield responses have examined the components of grain yield to understand how they are 

changing as the response to P declines.  

 

Grain yield potential of wheat is determined early in the growing season by the concurrent development of 

tillers and spikelets. It is during the tillering phase that many of these early biomass responses have been 

measured and, these responses are likely related to the increased number of tillers that develop from 

application of P fertiliser (Elliott et al. 1997). Phosphorus application can also increase the number of 

spikelets per head (Rahman and Wilson 1977) and therefore the yield potential. Increases in these yield 

components however may increase competition for other resources (Kirby and Jones 1977),  leading to  

reduced grain number and size.  

 

This study aimed to investigate, firstly whether the early response to P, identified by NDVI, eventuated into 

a grain yield response, and secondly to examine how yield components were affected, to determine why 

grain yield responses to P fertiliser are not obtained. 

 

Methods 

A field trial was sown on the 17th of June 2014 on a moderately P deficient (Colwell P 13 mg/kg 0-10 cm) 

Vertosol in the Wimmera region of Victoria. The experiment was a randomised block design with 4 

replicates and 13 treatments; a control (No P fertiliser) and 4 P fertiliser products applied at 3 rates (3, 6 and 

12 kg P/ha). Only one product, Granulock (21.9% P), was sub-sampled and will be reported and discussed in 

this paper. The wheat variety was Emu Rock, which was sown at 70 kg/ha. Granulock fertiliser was banded 

with the seed at sowing. Nitrogen (N) application was balanced for all treatments, except the control plots, 

using UAN. Control plots did not receive any N or P fertiliser. The trial was managed in accordance with 

district practice.    
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Normalized Difference Vegetation Index (NDVI) readings were taken during stem elongation using a Crop 

Circle ® (N Tech industries). Analysis of the results suggested a significant impact of P fertiliser. Granulock 

P appeared to have the greatest response and was therefore chosen to be subsampled at grain maturity.  

 

Plants were sampled from a 0.6 m2 area (4 rows @ 30 cm spacing, 0.5 m in length) at grain maturity. From 

this sample, 20 plants were tagged and kept as individual plants; all remaining plants were bulked together. 

Both samples were dried at 70°C, for 3 days. The remaining sample was weighed and thrashed to obtain 

grain weight. The individual plants were assessed for tiller number including fertile and non-fertile, number 

of spikelets and grains per head as well as the weight of grain per head.  

 

Data was analysed using Genstat V18. The NVDI, biomass and yield data was analysed using a one-way 

ANOVA. The detailed partitioning of biomass was analysed using a one-way ANOVA, but were unbalanced 

due to the extra plants recognised during processing. No data transformations were required.  

 

Results 

The average NDVI readings for each treatment, measured during stem elongation, are shown in Figure 1. P 

application significantly increased NDVI (F = 0.016), but only at 12 kg P/ha. NDVI is known to be well 

correlated with biomass and crop yield in wheat (Erdle et al. 2011); however it is not a direct measurement 

and can be affected by a range of factors which affect plant growth, including differences in crop canopy 

structure, water stress and crop N status (Verhulst and Govaerts 2010).  

Figure 1. NDVI results taken during stem elongation for the Control and Granulock (3, 6 and 12 kg P/ha) 

treatments, averaged over the trial. Vertical line represents LSD for P rate (F = 0.016).  

 

By grain maturity, the early effect of P application on aboveground biomass had disappeared (F= 0.463) 

(Table 1). Significant leaf losses where P had been applied or increased relative growth by the control 

treatment may explain the similar biomass production. Grain yield was not significantly affected by P 

fertiliser rate (F = 0.44). While van Herwaarden et al. (1998), observed no significant difference in biomass 

production to applied N at grain maturity, grain yield was reduced.   

 

Increasing P fertiliser application did not affect harvest index (F = 0.252), although there was a non-

significant trend for it to decrease as P rate increased. This slight decrease in harvest index could indicate the 

potential interaction of water. Van Herwaarden et al. (1998) noted that harvest index declined when high N 

rates lead to excessive water use during early growth (i.e. the crop hayed off).  

 
Table 1. Biomass, grain yield and harvest index data for the total quadrant (sum of the individual plants plus the 

remained). Numbers in brackets represent the standard deviation values.  

P rate  

(kg P/ha)  

Biomass 

(t/ha) 

Grain yield 

(t/ha) 

Harvest  

Index 

0 4.0  (0.49) 1.7  (0.2) 0.41  (0.04) 

3 5.0  (1.42) 2.0  (0.57) 0.40  (0.03) 

6 4.7  (0.49) 1.8  (0.04) 0.39  (0.04) 

12 4.2  (0.66) 1.6  (0.25) 0.39  (0.02) 

 F= 0.463 F= 0.440 F = 0.252 
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NDVI values were plotted against the grain yield and biomass of each sub-plot, but no significant correlation 

was observed (R2= 0.0083 & 0.099 respectively) (data not presented).  

 

The total number of tillers per plant and the number of fertile tillers increased with application of P fertiliser 

(F <0.001) (Table 2); the addition of 12kg P/ha further increased the number of fertile tillers. The number of 

non-fertile tillers per plant was not significantly affected by P application (F =0.552).    

 

 
Table 2. The effect of P rate on the number of tillers per plant. Data from the individual plants analysis. Values 

presented as treatment averages.  NS = not significant. 

P rate   (kg P/ ha) Total tillers Fertile Non-fertile 

0 3.6  a 2.6  a 1.0 

3 4.2  b 3.0  ab 1.3 

6 4.4  b 3.2  b 1.2 

12 4.9  c 3.6  c 1.3 

 F <0.001 F =0.006 F = 0.55 

 Ave LSD =0.41 Ave LSD =0.49 NS 

 

The number of spikelets per head was not affected by the addition of P fertiliser (F = 0.90); all heads 

produced approximately 17 spikelets (Table 3). The total number of spikelets per plant increased with P 

application (F = 0.01), which is related to the increased number of fertile tillers with the addition of P.  

Phosphorus application did not significantly affect the number of grains per head (F = 0.42). On a per plant 

basis, grain number increased with P addition; again reflecting more fertile heads. 

  

Grain weight was not significantly affected by P rate (F = 0.24). Phosphorus nutrition generally has little 

impact on final grain size (Grant et al. 2001). Other factors such as assimilate supply, through the impact of 

temperature and water supply, are likely to have a much greater impact (Kobata et al. 2012). While not 

significant there appeared to be a decline in weight per grain and per head as P fertiliser increased. 

Unfortunately, the number of plants per quadrant was not recorded.  

 
Table 3. Yield components from the individual plants analysis. Values presented as treatment averages. NS = not 

significant. 

P rate  

(kgP/ha) 

Number of Spikelets  Number of Grains  Grain weight  

per head  per plant  per head  per plant  

per grain 

(mg) per head (g) 

per plant 

(g) 

0 16.7 43  a 25 63  a  34 0.86 2.2 

3 16.8 50  ab 25 73  ab  33 0.83 2.4 

6 16.9 54  bc 25 79  b 32 0.81 2.6 

12 16.8 61 c  23 85  b 30 0.70 2.6 

 F =0.90 F =0.01 F = 0.42 F = 0.04 F = 0.24 F = 0.09 F = 0.25 

 NS LSD =9.2 NS LSD = 14.0 NS NS NS 

 

Table 4 shows the long term average (LTA) rainfall for the local BOM weather station (located near the trial 

site). In 2014 the annual rainfall was 256mm, 114 mm less than the LTA. Growing season rainfall (GSR) 

was only 194 mm; 78% of the LTA. In April rainfall far exceeded the LTA. For the May-July period rainfall 

was average, but between August and October recorded values were well below. 

 
Table 4. Monthly and annual rainfall (mm), including Long term average (LTA) and 2014. GSR = Growing 

season rainfall from April to October (inclusive).  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total GSR 

LTA 30 23 14 26 32 40 42 37 40 32 29 25 370 248 

2014 16 4 14 51 33 45 36 10 15 5 16 12 256 194 
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Unfortunately, a lack of soil water data prevents investigation into the pattern and amount of water used by 

the different P treatments. The pattern of rainfall observed during 2014 suggests the early yield potential set 

up by the 12 kg P/ha may not have been fulfilled due to inadequate water in the late stages of growth. The 

trend of some yield components, suggests the wheat was unable to fulfil the extra yield potential established 

during early growth stages. The level of water stress however was not so significant as to lead to a reduction 

in harvest index or significant decline in grain weight. 

 

Conclusion 

Despite the early crop response (as measured by NDVI), there was no yield response to P application at this 

site in this season. We hypothesise that if adequate water had been available throughout the season, P 

fertiliser may have had a positive impact on yield.  

 

Acknowledgements  

We gratefully acknowledge Agritech Rural for allowing us to subsample their field trial, Agricultural 

Victoria Research and GRDC (Project DAN00168) for funding and LaTrobe University for provision of a 

post graduate scholarship.   

 

References 

Armstrong R, Nuttall J, Holloway R, Lombi E and Mclaughlin M (2008). How effective are fluid 

phosphorus fertilisers in the Wimmera and Mallee region of Victoria?  In: Proceedings of the 14th 

Australian Agronomy Conference. Global Issues, Paddock Action, 21-25 September 2008 Adelaide, 

South Australia. Australian Society of Agronomy. 

Elliott DE, Reuter DJ, Reddy GD and Abbott RJ (1997). Phosphorus nutrition of spring wheat (Triticum 

aestivum). 1. Effects of phosphorus supply on plant symptoms, yield, components of yield, and plant 

phosphorus uptake. Australian Journal of Agricultural Research 48, 855-868. 

Erdle K, Mistele B and Schmidhalter U (2011). Comparison of active and passive spectral sensors in 

discriminating biomass parameters and nitrogen status in wheat cultivars. Field Crops Research 124, 74-

84. 

Grant CA, Flaten DN, Tomasiewicz DJ and Sheppard SC (2001). The importance of early season 

phosphorus nutrition. Canadian Journal of Plant Science 81, 211-224. 

Kirby EJM and Jones HG (1977). The relations between the main shoot and tillers in barley plants. The 

Journal of Agricultural Science 88, 381-389. 

Kobata T, Koç M, Barutçular C, Matsumoto T, Nakagawa H, Adachi F and Ünlü M ( 2012). Assimilate 

Supply as a Yield Determination Factor in Spring Wheat under High Temperature Conditions in the 

Mediterranean Zone of South-East Turkey. Plant Production Science 15, 216-227. 

Mason S, Mcneill A and Mclaughlin M (2010). Expanding the use of Diffusive Gradients in Thin-Films 

(DGT) for assessing phosphorus requirements of different crop types. In: Proceedings of the Australian 

Society of Agronomy Conference. Dove H and Culvenor RA Eds. 15-18th November 2010, Lincoln 

University, New Zealand. 

Mcdonald G, Bovill W, Taylor J and Wheeler R (2015). Responses to phosphorus among wheat genotypes. 

Crop and Pasture Science 66, 430-444. 

Rahman M and Wilson J (1977). Effect of phosphorus applied as superphosphate on rate of development and 

spikelet number per ear of different cultivars of wheat. Australian Journal of Agricultural Research 28, 

183-186. 

Van Herwaarden AF, Angus JF, Richards RA, Farquhar GD and Howe GN (1998). 'Haying-off', the negative 

grain yield response of dryland wheat to nitrogen fertiliser I. Biomass, grain yield, and water use 

Australian Journal of Agricultural Research 49, 1067-1081. 

Verhulst N and Govaerts B (2010). The normalized difference vegetation index (NDVI) GreenSeekerTM 

handheld sensor: Toward the integrated evaluation of crop management. Part A: Concepts and case 

studies, Mexico, D.F, CIMMYT. 

 

https://urldefense.proofpoint.com/v2/url?u=http-3A__www.agronomyaustraliaproceedings.org_&d=DwMGaQ&c=JnBkUqWXzx2bz-3a05d47Q&r=OEoMEW1ShcRUQNLeuq5tGomTf0GWkuhuwEG2wyYZa-M&m=DN9Sr3bAHuOWKajzRZdpOM2bySmhFvtffp1Gypinx6w&s=4Ib8wftO2c4yJv4lM8PMuyWQJe7txkwh8rwA-h_Mf6w&e=

