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Abstract 

Crop responses to deep ripping on coarse textured soils are variable and may result from a number of 

possible mechanisms. We established a trial at Ouyen in the Victorian Mallee to examine cereal crop 

responses to tillage of 20 or 30cm on which crop water use and yield components were examined from 2017-
2019. While much attention has historically been focussed on increased total crop water use this may be only 

one of several important mechanisms which operate. We highlight here how crop shoot (tillering) responses 

to root conditions (high soil strength) may play an important role in reducing crop water use efficiency in 
low-rainfall south-east Australia, independent of the capture of water resources by roots. 
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Introduction 

Limitations to crop rooting depth on coarse textured soils were highlighted as a constraint to crop production 
in low-rainfall (<450mm) south-eastern Australia (Unkovich et al. 2020). Root growth begins to be impeded 

at resistances >1MPa, is severely restricted at 2.5MPa and ceases at 5 MPa (Passioura 2002), with the effects 

very much exacerbated in drier soils (Henderson et al. 1988). Compromised root growth will obviously lead 
to reduced uptake of water and nutrients and therefore lower crop productivity. One proposed solution has 

been deep (30-60cm) tillage with a view to increasing crop rooting depth and water use, however responses 

have been variable (Tennant and Hall 2001; Paterson and Sheppard 2008) and examples of increased water 
and nutrient uptake being the primary reasons for responses to deep ripping in Australia are quite limited. In 

the low-rainfall south-eastern cropping environments growers have previously reported problems with soil 

erosion following deep ripping, and the effects of deep ripping are perceived to be short lived (1 to 3 years). 

However the mechanisms that determine the drivers and longevity of effect have not been thoroughly 
investigated and there remains uncertainty around how long a ripping effect might last, to what depth should 

ripping be done, what type of equipment should be used, how is erosion best be managed after ripping, is 

addition of ameliorant is warranted, and where and when such practices economically viable? We report here 
on a recent field experiment which begins on this journey. 

Methods 

The trial at Ouyen, Victoria (34.48°S, 142.22°E) had two key factors: (1) the depth of tillage, 7.5, 20 or 
30cm, with nutrients applied as a surface band at 7.5 cm depth or at the tillage depth, and (2) the frequency 

of the deep tillage, either at the commencement of the trial in 2017 or annually (2017, 2018 and 2019). Each 

year plots received 30 kg N/ha at 7.5cm depth at sowing and a further 20 kg N/ha in an early top-dress 
application of ammonium sulphate.  The trial was sown to barley in 2017 and 2019 and wheat in 2018. 

Growing season rainfall was only 123 (2017), 93 (2018) and 88mm (2019). Crop water use was estimated as 

the difference between soil water (0-1.5m, 0-1m in 2017) at sowing and at harvest (measured with a 
calibrated neutron moisture meter) plus growing season rainfall. We report here on a subset of the treatments 

(control and deep tilled annually) as there was no effect of crop nutrition on yield or water use, with only 

tillage depth providing significant differences in grain yield. 

Results and Discussion 

Ripping to 30cm reduced soil strength to ca 1MPa at 30cm depth, a point where it was 4 MPa in the control 

treatment. Such high resistances to root growth would undoubtedly cause a substantial reduction in root 
growth rates in the control treatment. Both shoot biomass and grain yield were increased by annual deep 

tillage in each of the three years, despite the very low rainfall (Figure 1). There were however only quite 

small differences in total crop water use of 14 (2017), 2 (2018) and 4mm (2019). We partition the total water 

use between crop transpiration (T), assuming that the transpiration efficiency (TE) is 45.3 kg/ha/mm 
(0.091×location degrees latitude+2)*10, see Rodriguez and Sadras 2007). Dividing the shoot biomass by TE 
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provides an of estimate crop transpiration from which bare soil evaporation is calculated by difference 

(Figure 2). This shows bigger differences in the partitioning of water use than in total water use and hence 

crop yield gains primarily came from increased T at the expense of evaporation rather than from increased 
total water use (Figure 3). 

Figure 1  Shoot dry matter and grain yield of barley and wheat at Ouyen (2017-2019) as a function of 

tillage depth. Significant differences (P<0.05) in yield by analysis of variance between tillage depth within years 

are indicated. Error bars are standard error of the mean. 

Figure 2  Crop water use split between unproductive evaporative water loss and crop transpiration. 

Significant differences in total water use within a year are indicated, error bars are standard error of the mean. 

[The same transpiration efficiency is used for both barley and wheat] 

Given that increases in total water use were modest compared to increases in growth and grain, what is likely 
to be driving these responses? In our experiments neither plant density, grain size nor harvest index were 

associated with yield variance between treatments. Sadras et al. 2005) also found that responses to deep 

ripping on Mallee sands were unrelated to plant density and that shoot biomass accounted for 96% of the 
increase in grain yield following ripping at one site and 69% at another, while at a third site they found all of 

the yield increase could be attributed to increased total water use. The main difference between treatments 

that contributed to differences in grain yield in the present experiment was in fact tiller density (n/m2), 343 vs 

449 in 2017. While it is tempting to assume that the increased tiller number was merely a result of increased 
root exploration of soil and increased crop water uptake and growth, this might ignore other useful 

explanations. 
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Figure 3  Increase in grain yield above control plots, attributed to increased total water use (WU) or 

increased crop transpiration (T). Additional “water use” is assumed to be from deep in the soil profile and not 

subject to evaporation, and therefore produces grain at 22kg/mm. The contribution from increased transpiration 

is calculated from marginal shoot DM*TE*HI. Values are averaged across all nutrition treatments. 

For example, when soil bulk density was increased but soil water and nutrition maintained unlimiting 

(Coelho Filho et al. 2013), tillering in wheat was still reduced, therefore there is an effect of high penetration 

resistance on shoot growth, independent of water and nutrient supply. Thus the concept that positive crop 

responses to deep tillage mainly arise from increased access to water and nutrients may be distracting us 
from other important opportunities. Other research done in Australia (Atwell 1990) also showed that tillering 

was delayed or reduced on compacted soils compared to ripped soils, so perhaps the one of the direct effects 

of ripping is to increase tiller number independent of water and N status. The question of effects of N are 
interesting because Bowden (in Perry 1986) found that the responses to both N application and deep ripping 

were similar but that there was no interaction between the two. This could be evidence that additional N can 

promote tillering which is otherwise held back by root signals in problematic soils. We have made similar 
observations on some of our other trials, but relatively high rates of N are required to achieve the effect. 

Other insightful observations from the literature come from Pandey et al. (2021) who recently demonstrated 

that lower air-filled pore space and gas diffusion in compacted soils results in the build up of ethylene, and 

that this directly reduces root growth. Ethylene is well known to be produced in response to stress and to 
cause reduced leaf growth (Dubois et al. 2018). Maize crop mutants which produced 50% less ethylene 

under drought stress yielded better than those with more typical ethylene production rates under stress 

(Habben et al. 2014). It may thus be that soil loosening through deep tillage both decreases the production of 
ethylene by roots and increases the rate of diffusion of ethylene away from roots, resulting in less down 

regulation of shoot growth. Could this be a significant part of the observed crop tillering responses to deep 

ripping coarse textured soils in low rainfall environments? There may of course be other important signalling 

hormones which play pivotal roles in the response of crops to soil conditions. Although it is often thought 
that crops in low rainfall environments may have insufficient water to complete grain fill, sometimes 

described as “haying-off”, reduced tillering lines do not yield more than other lines in experiments (Moeller 

and Rebetzke 2017) and the idea that fewer tillers are better in this environment may not be robust. 

Conclusion 

From our experiment in a low rainfall environment it would appear that crop growth might be restricted as 
much or more by root-shoot signalling than by access to water deeper in the profile. The present dataset 

provides some evidence that the primary constraint to crop growth in high penetration resistance deep sandy 

soils in this environment might be on shoot, not root growth. 
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