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Executive Summary  

The Yokefleet trials were conducted to better understand the potential costs and benefits of the 
temporary wetland technique1 at a small scale. These trials were delivered over a 4 month period on 
an arable field adjacent to the River Ouse. We controlled for two types of land cover – bare ground 
and stubble – and monitored a number of   experimental factors. These included soil fertility and 
structure (organic carbon, earthworm recovery, compaction, infiltration, pH, salinity) and water quality 
(phosphate, nitrate, ammonia, dissolved oxygen, salinity). We compared 10x10m experimental plots 
where up to 20cm of water was retained, and control plots, which remained dry.  

Results from the research indicate that there was no significant difference in soil fertility/structure 

between the dry plots and wet plots before or after inundation. It took approximately 5 weeks for all 

of the wet plots to drain down; however this was during a very wet period in March/early April 2018, 

and it is therefore advised that future trials continue later on into the season when drier weather is 

more likely. There was no significant difference in soil fertility/structure between the stubble and bare 

soil plots either before or after inundation. We can therefore conclude that shallowly flooding a field 

for up to 4 months does not appear to negatively impact soil structure or fertility. However, further 

research is required to understand the impacts of longer term inundation, as well as flooding at a 

larger field scale. The water quality of the adjacent ditch and plots was within the expected range and 

was not significantly affected by the trials. However during this research the plots did not turn anoxic,  

and therefore further evidence is needed to investigate whether this would be the case with larger 

plots (e.g. field scale), or if it is linked to the small scale of these trial plots. Likewise, larger scale trials 

would provide further evidence about the benefits of this technique for wildlife and improved soil 

management, as well as the logistical and financial challenges.   

     

                                                           
1 Shallow rotational flooding of arable land over an extended period (3 months – 4 years). For more information please refer to WFFW  

Phase 1 and 2 technical reports  



 

Background  

There is currently very little evidence available assessing the impact of inundating clay arable soils 
for extended periods2. The ‘temporary wetland’ method has been employed in the Netherlands and 
the USA3, and similar methods of shallow inundation are commonly used to manage rice paddies4. 
However, the method is novel to the UK, and whilst some of the walking wetlands in the USA were 
trialled on clay soils, there is little evidence pertaining to the agricultural and environmental benefits 
and risks of the technique. We therefore decided to trial the method on an arable landholding situated 
on the Humber Estuary, with the objective of monitoring and assessing various soil and water quality 
impacts. Trialling this novel method at a small scale enabled us to identify the potential risks to soil 
fertility/structure and water quality, whilst ensuring that the impacts were only minor should any have 
occurred. The method was also trialled on the Humber estuary to better understand the challenges 
and benefits of applying the technique on clay soils with a saline influence.  

 
Depending on the outcome of these small scale trials, the project aims to deliver larger field scale 

trials to assess water quality and soil condition, but will also look at ecological outcomes and financial 

and logistical challenges. These field scale trials will commence October 2018, and the project will 

assess the risks and benefits of the technique over longer durations (8 months, and 18 months), and 

on saline and freshwater sites. For further information on the temporary wetland method and its 

application on the Humber please refer to the WFFW Phase 1 & 2 technical reports.   

 

 

Stubble Trial Plot (RSPB, 2018) 

 

 

                                                           
2 Positive and/or negative effects on soil structure and fertility, pests and weeds, soil organisms, earthworms, bird/invertebrate 
abundance, and FRM 
3  Please refer to the WFFW Phase 1 & 2 technical reports - https://www.rspb.org.uk/our-
work/conservation/landscape-scaleconservation/sites/humberhead-levels/  
4 http://calrice.org/industry/how-rice-grows/ 



 

Methodology  

Location of site  

The plots were located at Yokefleet Estate (Lane End Field), on the North bank of the River Ouse. 

The plots were erected on the northern western corner next to the parking area. The ditch runs 

alongside the western edge of the field next to the parking area.  

 

 

 

 

How and where we sampled: we took samples from the ditch at the starred point in 

the diagram below (Bellasize drain), as well as the 3 plots coloured light blue. We 

tested for phosphate, nitrate, dissolved oxygen (DO), pH, salinity, and ammonia. We 

used a Ysi Multiparameter Meter Professional Plus to take field measurements for DO, 

pH, salinity (EC) and ammonia. Additional samples were also collected to measure for 

ammonia, salinity (chloride), nitrate and phosphate at a laboratory. These were filtered 

and frozen before carrying out a batch analysis at York University. We took several 

samples from the ditch to measure for biological oxygen demand (BOD), and these 

were sent to the National Laboratory Service for analysis. All samples that went to 

laboratories were packaged immediately and either filtered and analysed, or frozen 

within 24 hours.  

  

  

  IDB Ditch  

N Control  Control  

                                                                                                                                                                                                                    

 

Sampling Protocol 

Water Quality 

What we sampled: phosphate, nitrate, biological oxygen demand, ammonia, dissolved oxygen, 

salinity, and pH. 

When we sampled: monthly from November (pre-flood) until the end of March (4weeks post flood). 

We took monthly routine spot samples, and several additional samples after high rainfall. Spot 

samples were taken from the ditch when the tidal doors were open and closed for a fair comparison, 

however the doors were closed on 5 out of the 7 visits.  

How and where we sampled: we took samples from the ditch at the starred point in the diagram 
below (Bellasize drain), as well as the 3 plots coloured light blue. We tested for phosphate, nitrate, 
dissolved oxygen (DO), pH, salinity, and ammonia. We used a Ysi Multiparameter Meter Professional 
Plus to take field measurements for DO, pH, salinity (EC) and ammonia. Additional samples were 
also collected to measure for ammonia, salinity (chloride), nitrate and phosphate at a laboratory. 
These were filtered and frozen before carrying out a batch analysis at York University. We took several 
samples from the ditch to measure for biological oxygen demand (BOD), and these were sent to the 
National Laboratory Service for analysis. All samples that went to laboratories were packaged 
immediately and either filtered and analysed, or frozen within 24 hours.  

 

https://www.google.co.uk/aclk?sa=l&ai=DChcSEwiN7Jae883bAhVOPBsKHYdrA6EYABARGgJ3bA&sig=AOD64_3lMxClQ58TPv8dHX1McomFx72U1w&ctype=5&rct=j&q=&ved=0ahUKEwic3pOe883bAhUHLsAKHUHpDY0Q2CkIrwI&adurl=
https://www.google.co.uk/aclk?sa=l&ai=DChcSEwiN7Jae883bAhVOPBsKHYdrA6EYABARGgJ3bA&sig=AOD64_3lMxClQ58TPv8dHX1McomFx72U1w&ctype=5&rct=j&q=&ved=0ahUKEwic3pOe883bAhUHLsAKHUHpDY0Q2CkIrwI&adurl=
https://www.google.co.uk/aclk?sa=l&ai=DChcSEwiN7Jae883bAhVOPBsKHYdrA6EYABARGgJ3bA&sig=AOD64_3lMxClQ58TPv8dHX1McomFx72U1w&ctype=5&rct=j&q=&ved=0ahUKEwic3pOe883bAhUHLsAKHUHpDY0Q2CkIrwI&adurl=


 

 

Diagram 1 – Location of plots 

 

Soil Structure and Health  

What we sampled: pH, organic carbon, nitrogen/nitrates, orthophosphate, bulk density5 (topsoil & 

subsoil), soil moisture content, earthworm abundance, soil salinity, and soil infiltration.  

When we sampled: immediately before and after inundation (Nov and April). Five weeks were 

allowed between final top up and sampling to ensure land was dry enough to sample. Earthworm 

abundance was also measured 5 weeks after inundation to assess recovery. We will be monitoring 

yield and weed/pest infestation for 1 year post inundation in coordination with the landowner.  

How and where we sampled: we collected samples from five plots, two of which contained a stubble 

cover, and three of which were bare ground. Each plot was separated by approximately 10m, and the 

two plots on the highest ground were treated as controls (kept dry).  Bund crest level varied depending 

on slope, but was set to around 0.5m. The plots were inundated to approximately 10-25cm (depth 

was variable depending on slope) and topped up once a week to ensure water levels did not drop 

below 5cm. Each plot was approximately 10mx10m, and the plots on the lower land (coloured blue 

on diagram 1) were inundated. The underground drainage was blocked to ensure the plots retained 

water, and a 2 inch petrol pump was used to abstract water from the local IDB ditch (see diagram 1).  

We took 8 randomly located samples from each plot. A grid format (100 1x1m squares) was used to 

select sampling points. Samples were taken from the topsoil layer (approx. 5-10cm deep), and those 

sent to the National Laboratory were extracted with a trowel, packaged, and sent on the same day. 

Samples sent to the National Laboratory Service were measured for organic carbon, nitrogen/nitrates, 

salinity (EC), and orthophosphate. These samples were air dried at 30oC, and then homogenised, 

jaw crushed, and sieved to <2mm before analysis. Soil moisture content (SMC), topsoil bulk density 

(BD), and pH was analysed by Natalie Pagett at York University, and these samples were extracted 

with a 50cm length corer. The top 5-10cm was used for analysis. The samples for BD and SMC were 

dried at 70oC.   

                                                           
5 Refers to the degree of compaction of a soil  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two methods were trialled to measure earthworm abundance; however only one was found to be 
effective, and therefore used. The first technique trialled was the ‘mustard extraction method’6 . 
Unfortunately the solution did not appear to penetrate the ground (very heavy clay soil with 
compaction pan), and as a result very few earthworms surfaced. The decision was therefore made to 
use the ‘pit method’. For the purposes of this research, a 20cm by 20cm pit was dug with a spade 
(approx. 15cm deep), and total earthworm abundance was measured.  
 
Subsoil compaction was measured with a penetrometer, ranging between 10cm and 1m. These 

measurements were only taken post flood (April), but provide a comparison between control and 

experimental plots. Measurements were taken from each sampling point within each of the 5 plots. 

Water infiltration was measured using an adapted 30mm diameter cylinder, ruler, and stopwatch. 

Measurements were taken post flood (April), prior to the reinstatement of the underground drainage. 

These measurements were taken from two random points in close vicinity of the plots. 

 

 

 

 

Photo of the plots in February 2018 – standing water around the bunds due to rainfall and seepage 

                                                           
6 Paulson & Bowers (2002), A test of the ‘hot’ mustard extraction method of sampling earthworms, Soil Biology & Biochemistry, 

Vol 34, Issue 4, pp 549 - 552.   

Sampling Points 



 

 

Results  

Water Quality  

Water samples were collected every month that water was retained on the plots, and for month 1 
prior to inundation from the ditch (early November). Samples for pH and salinity were only collected 
from January onwards with the field meter.  
 
Water quality indicators, including ammonia, phosphate, nitrate, pH, and dissolved oxygen were all 

within expected ranges7
 reasonable for a freshwater ditch. Loss of water through the bunds, and 

natural drainage during early March did not appear to impact water quality in the adjacent ditch. pH 

levels were fairly constant within each of the 3 plots holding water, as well as the ditch; and were 

slightly alkaline as you would expect for a freshwater/brackish ditch (refer to Figure 1). Water in the 

plots did not turn acidic after an extended period of inundation. Salinity within both the ditch and 

plots was relatively low, at around 0.5 PSU/PPT (refer to Figure 2). In these saline conditions 

(irrigating with the ditch water), the majority of crops would be expected to grow without any 

significant impact on yield. On the 5th March a sample was taken from the ditch during high tide 

when the doors were open, and the mixture of saline water from the River Ouse and freshwater 

from the IDB ditch resulted in an increase in salinity (2 PSU). During this period water from the ditch 

was pumped onto each of the plots, and they were therefore subject to inundation by saline water. 

This level of salinity would not impact cereals and oil seed rape, but could potentially reduce the 

yield of beans and potatoes (see highlighted boxes in figure 13 - appendix 1) should the farmer 

irrigate with it over an extended period. 

  

                                                           
7 Typical for a brackish/freshwater ditch adjacent to arable land, and would not cause a negative shift in WFD classification.   



 

 

Figure 1 – pH levels 

 

 

Figure 2 – Salinity concentrations EC. N.B – High ditch water level on 05.03.18 coincides with open doors (mix of fresh/saline water) 

 

 

 

 



 

Levels of ammonia, nitrate, and phosphate were all within the expected range for a freshwater 

ditch running adjacent to an arable field, and the ditch water that was pumped into the plots did 

not appear to artificially elevate levels. On 05.03.18 there was a spike in ammonia (see figure 

3), however this will likely be the result of a false reading due to high conductivity associated 

with saline intrusion (see spike on 05.03.18 in figure 2). Nitrate levels in the plots (figure 4) were 

initially quite high following the first inundation, however these levels dropped and stabilised 

between 0-5ppm8. Nitrate levels in the ditch remained fairly stable between 20 and 30ppm. 

Nitrate levels in the ‘bare experimental plot’ did not rise above 2ppm, as this plot was fed purely 

by rainfall and water lost through the bunds of the other experimental plots. Phosphate levels in 

the ditch and plots remained relatively stable, with ditch levels reducing slightly over the 4 month 

period. The small spike on 19.12.17 in the ditch, and two of the plots, could be attributed to 

phosphate bound to sediment that was being washed out of the system. 

 

 

 
Figure 3 – Ammonia levels 

 

  

                                                           
8 Please note, the reduction in nitrate in the plots was most likely a result of leaching through the soil profile   



 

 

Figure 4 – Nitrate Levels 

 

 

Figure 5 – Phosphate Levels 

 

Dissolved oxygen levels did not drop below 10 mgl-1, and therefore the plots did not turn anoxic9 

(please refer to figure 6). It is expected that the plots would have turned anoxic following a longer 

period under water, in warmer conditions. In the Netherlands it takes between 3-4 months for the 

temporary wetlands to turn anoxic and destroy bulb cyst nematodes, however the fields are always 

flooded during the summer when air/water temperature is a lot higher. In addition, the plots were 

                                                           
9 Require levels below 2mgl-1 to experience anoxic conditions  



 

topped up once a week with oxygen-rich ditch water, during which time the existing water in the plots 

was disturbed, adding more oxygen to the system. With larger fields the movement of water from 

‘topping up’ would only affect a small area, and it is anticipated that dissolved oxygen levels would 

drop throughout the rest of the field.  

 

Figure 6 – Dissolved oxygen levels 

Soil Fertility and Structure 

 

Figure 7 – Topsoil compaction 

 

There was no difference in bulk density between the control and experimental plots (see figure 7). 

There was also no difference in bulk density between plots with stubble or bare cover, or plots on 



 

lower or higher land. A pressure (psi) reading was taken between 10-100cm (subsoil) at each 

sampling point in the control and experimental plots, and similar results were found, indicating that 

inundating plots with shallow water for up to 4 months does not compact the soil at either topsoil or 

subsoil depth. The soil pH (figure 8) most closely reflects the results obtained for ditch water pH, in 

that the soil was slightly alkaline (from 7.3 to 7.9) during both November and April across all of the 

plots. The desirable pH for optimal growing conditions varies between crops10, but typically this ranges 

between 6.5 and 7.5; however the pH for UK agricultural soils can range between 4 and 8.5.  

 

 

 
Figure 8 – Soil pH 

 

 

 
Figure 9 – Soil moisture content 

                                                           
10 As an example - 5.9 for barley, 5.6 for OSR/wheat, 4.9 for potatoes   



 

 Soil moisture content (see figure 9) is within an acceptable range for growing crops in clay soils, and 

was not exceptionally high in the experimental plots following inundation (there was no significant 

difference between the control and experimental plots). The bare experimental plot (no bunds) was 

still very damp when the samples were taken as it was the last to dry up, and this explains the slightly 

higher reading. As the samples were taken 5 weeks after the final top up, we can conclude that with 

the right conditions (warmer drier weather) clay soils could be back into condition within 2-3 months 

for crop production. Please also note that a buckwheat crop was sown 12 weeks after the final top 

up, and this crop is currently performing very well.  

 

 
 

Figure 10 – Earthworm recovery - Blue = pit 1, Orange = pit 2. Samples taken during spring 2018 (Apr & May) 

 

Earthworm abundance was measured in April (5 weeks after final top up) and May (12 weeks after 

final top up). There was no meaningful difference between the experimental and control plots (see 

figure 10), and during sampling it was noted that they were both in the deeper layers and in the topsoil. 

Given the size of the plots11, it is possible that earthworms were not affected by the inundation, and it 

is therefore important that earthworm abundance and species distribution are monitored as part of 

the field scale trials. It is expected that earthworm populations will dip as a result of the flooding, 

however research indicates that they recover quickly12. Earthworm populations were relatively low 

across the site, and further evidence on numbers and species will be required to fully understand the 

impact of the method at a larger scale over a longer period. 

 

 

                                                           
11 Plots were only 10x10m, and there was plenty of dry land in the surrounding area   
12 Natural England, An assessment of the effects of the 2013-14 flooding on the wildlife and habitats of the Somerset Levels and 
Moors, 2014   



 

 
Figure 11 – Soil salinity 

 

There was no meaningful difference in salinity concentrations between the control and experimental 

plots (see figure 11), however levels across all plots did appear to be slightly higher in April (this 

may be a seasonal effect and requires further exploration during the longer field scale trials). These 

levels would not impact crop growth, and we would not expect a reduction in yield under these 

conditions. Please refer to figure 15 in the appendix for more information on water and soil salinity 

concentrations and crop tolerance. 

 

 
Figure 12 – Soil nitrogen 

 



 

  
Figure 13 – Soil orthosphate 

 

There was no meaningful difference between levels of soil orthophosphate and soil nitrogen in any of 

the experimental and control plots (see figures 13 and 12 respectively). Concentrations of nitrate and 

orthophosphate are typical for arable land, and sufficient for growing crops found on the Humber. 

These concentrations are also unlikely to impact water quality through leaching. The bare control and 

stubble control plots had higher concentrations of both orthophosphate and nitrate in both November 

and April, and this is most likely as a result of agricultural application/the leaching of N from the 

previous season, and the natural breakdown of plant material post-harvest.  

 

 

 
Figure 14 – organic matter  



 

There was no difference in organic matter content between experimental and control 

plots (see figure 14). This result is not unexpected, as organic matter is more likely to 

increase in experimental plots over an extended period (1+ years) due to increased 

use by foraging species and in increase in dead plant matter.  

  

  

  

  

 

  



 

Discussion   

Results obtained from these trials indicates that the shallowly flooded plots did not deteriorate, either 

in terms of water quality or soil structure and fertility, or as a result of the flooding. Several factors 

need to be monitored in more detail as field scale trials progress, including earthworm recovery, 

organic matter content, and dissolved oxygen concentrations. The small scale and short term nature 

of the trials needs to be taken into account when interpreting these results, as we would expect to 

see differences as duration and size of the field increases. For example, elements such as lower 

dissolved oxygen levels (as duration and temperature increase) could have a direct effect on other 

water quality indicators such as nitrate and ammonia. Likewise, we would expect an increase in 

organic matter on sites that attract foraging species, and where plant growth and decay advances 

over an extended period.  

It is important to note that soil compaction and soil moisture content was not affected by the shallow 

flooding, and we would expect that this effect would not change with longer floods over larger areas. 

However, the depth of flooding may still play a role, and it is therefore important that this is monitored 

as part of the larger field scale trials where we would expect a more varied topography. Identifying 

the depth and period of time where water has a significant impact on soil structure is therefore key. 

Salinity was measured as part of these trials as the site is located adjacent to the River Ouse, and 

data available for salinity concentrations in the area indicates that the river is brackish at this point. 

When water was sampled during periods that the tidal doors were open, and therefore a mix of 

freshwater and brackish water was abstracted, there was an increase in salinity levels. This however 

would not have impacted the majority of crops in relation to soil salinity concentrations, and would 

only have impacted a select few with regards to irrigation. Should a trial site become available closer 

to the River Ouse confluence with the Trent, it would be wise to monitor salinity concentrations in 

more detail, and consider options for salt tolerant crops, and other recovery options including resting 

the land and application of gypsum.  

It is advised that additional monitoring and sampling is carried out as part of the field scale trials, to 

better understand the impact of the technique on clay soils over a longer period and larger area. An 

infiltration test was conducted at Lane End (site of trials) 5 weeks post flood and infiltration was very 

low. Whilst this will have inevitably helped towards retaining the pumped water for extended periods13, 

it may affect the benefits the technique has on managing nematodes (anoxic water is not penetrating 

to the lower soil layers). In addition, little is yet known about the positive benefits the technique offers 

in relation to bird abundance, and wider pest and weed management. Only with the delivery of larger 

field scale trials over a longer duration will we fully understand the implications of this technique.  

  

Key conclusions  

• Shallowly flooding plots for 4 months does not appear to effect soil structure or 

fertility.  

• Depth and duration of flooding may still affect soil structure/fertility, and requires 

further investigation.   

• Longer floods over a warmer period are required to ensure the water turns 

anoxic.  

• Short term floods do not appear to adversely affect water quality.  

• Further investigation is required to better understand the positive benefits of the 

technique on bird abundance, soil fertility, and wider pest and weed 

management.  

                                                           
13 Sandy soils in the Netherlands require pumping 4-6 hours a day  



 

Appendix  

  
The plots were located where the buckwheat is greener and more dense – it is likely that the crop is doing well in these patches 

compared to surrounding areas as they were rested over the winter period, and were not compacted with machinery (a 360 

excavator was used to erect the bunds, and this will have caused heavy compaction on adjacent land). 
 

 

The buckwheat root at the top of the photo was taken from the compacted land, and the one at the bottom of the photo 

was taken from a control plot. These illustrate the extent of compaction through use of heavy machinery. 

  



 

Salt tolerance of arable crops  

CROP TOLERANCE AND YIELD POTENTIAL OF SELECTED CROPS AS INFLUENCED BY IRRIGATION WATER SALINITY (ECw) 
OR SOIL SALINITY (ECe)

1  
YIELD POTENTIAL2 

FIELD CROPS 100% 90% 75% 50% 0% 

"maximum" 

ECe ECw ECe ECw ECe ECw ECe ECw ECe  ECw 

Barley (Hordeum vulgare)4 8 5.3 10 6.7 13 8.7 18 12 28 19 

Cotton (Gossypium hirsutum) 7.7 5.1 9.6 6.4 13 8.4 17 12 27 18 

Sugarbeet (Beta vulgaris)5 7 4.7 8.7 5.8 11 7.5 15 10 24 16 

Sorghum (Sorghum bicolor) 6.8 4.5 7.4 5 8.4 5.6 9.9 6.7 13 8.7 

Wheat (Triticum aestivum)4,6 6 4 7.4 4.9 9.5 6.3 13 8.7 20 13 

Wheat, durum (Triticum turgidum) 5.7 3.8 7.6 5 10 6.9 15 10 24 16 

Soybean (Glycine max) 5 3.3 5.5 3.7 6.3 4.2 7.5 5 10 6.7 

Cowpea (Vigna unguiculata) 4.9 3.3 5.7 3.8 7 4.7 9.1 6 13 8.8 

Groundnut (Peanut) (Arachis 
hypogaea) 3.2 2.1 3.5 2.4 4.1 2.7 4.9 3.3 6.6 4.4 

Rice (paddy) (Oriza sativa) 3 2 3.8 2.6 5.1 3.4 7.2 4.8 11 7.6 

Sugarcane (Saccharum officinarum) 1.7 1.1 3.4 2.3 5.9 4 10 6.8 19 12 

Corn (maize) (Zea mays) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Flax (Linum usitatissimum) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Broadbean (Vicia faba) 1.5 1.1 2.6 1.8 4.2 2 6.8 4.5 12 8 

Bean (Phaseolus vulgaris) 1 0.7 1.5 1 2.3 1.5 3.6 2.4 6.3 4.2 

VEGETABLE CROPS 

Squash, zucchini (courgette) 
(Cucurbita pepo melopepo) 4.7 3.1 5.8 3.8 7.4 4.9 10 6.7 15 10 

Beet, red (Beta vulgaris) 4 2.7 5.1 3.4 6.8 4.5 9.6 6.4 15 10 

Squash, scallop (Cucurbita pepo 
melopepo) 3.2 2.1 3.8 2.6 4.8 3.2 6.3 4.2 9.4 6.3 

Broccoli (Brassica oleracea botrytis) 2.8 1.9 3.9 2.6 5.5 3.7 8.2 5.5 14 9.1 

Tomato (Lycopersicon esculentum) 2.5 1.7 3.5 2.3 5 3.4 7.6 5 13 8.4 

Cucumber (Cucumis sativus) 2.5 1.7 3.3 2.2 4.4 2.9 6.3 4.2 10 6.8 

Spinach (Spinacia oleracea) 2 1.3 3.3 2.2 5.3 3.5 8.6 5.7 15 10 

Celery (Apium graveolens) 1.8 1.2 3.4 2.3 5.8 3.9 9.9 6.6 18 12 

Cabbage (Brassica oleracea capitata) 1.8 1.2 2.8 1.9 4.4 2.9 7 4.6 12 8.1 

Potato (Solanum tuberosum) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Corn, sweet (maize) (Zea mays) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Sweet potato (Ipomoea batatas) 1.5 1 2.4 1.6 3.8 2.5 6 4 11 7.1 

Pepper (Capsicum annuum) 1.5 1 2.2 1.5 3.3 2.2 5.1 3.4 8.6 5.8 

Lettuce (Lactuca sativa) 1.3 0.9 2.1 1.4 3.2 2.1 5.1 3.4 9 6 

Radish (Raphanus sativus) 1.2 0.8 2 1.3 3.1 2.1 5 3.4 8.9 5.9 

Onion (Allium cepa) 1.2 0.8 1.8 1.2 2.8 1.8 4.3 2.9 7.4 5 

Carrot (Daucus carota) 1 0.7 1.7 1.1 2.8 1.9 4.6 3 8.1 5.4 

Bean (Phaseolus vulgaris) 1 0.7 1.5 1 2.3 1.5 3.6 2.4 6.3 4.2 

Turnip (Brassica rapa) 0.9 0.6 2 1.3 3.7 2.5 6.5 4.3 12 8 

Wheatgrass, tall (Agropyron 
elongatum) 7.5 5 9.9 6.6 13 9 19 13 31 21 

Wheatgrass, fairway crested 
(Agropyron cristatum) 7.5 5 9 6 11 7.4 15 9.8 22 15 

Bermuda grass (Cynodon dactylon)7 6.9 4.6 8.5 5.6 11 7.2 15 9.8 23 15 

Barley (forage) (Hordeum vulgare)4 6 4 7.4 4.9 9.5 6.4 13 8.7 20 13 

Ryegrass, perennial (Lolium perenne) 5.6 3.7 6.9 4.6 8.9 5.9 12 8.1 19 13 

http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note1
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note2
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note4
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note5
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note4
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note4
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note7
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note4


 

Trefoil, narrowleaf birdsfoot (Lotus 
corniculatus tenuifolium)8 5 3.3 6 4 7.5 5 10 6.7 15 10 

Harding grass (Phalaris tuberosa) 4.6 3.1 5.9 3.9 7.9 5.3 11 7.4 18 12 

Fescue, tall (Festuca elatior) 3.9 2.6 5.5 3.6 7.8 5.2 12 7.8 20 13 

Wheatgrass, standard crested 
(Agropyron sibiricum) 3.5 2.3 6 4 9.8 6.5 16 11 28 19 

Vetch, common (Vicia angustifolia) 3 2 3.9 2.6 5.3 3.5 7.6 5 12 8.1 

Sudan grass (Sorghum sudanense) 2.8 1.9 5.1 3.4 8.6 5.7 14 9.6 26 17 

Wildrye, beardless (Elymus triticoides) 2.7 1.8 4.4 2.9 6.9 4.6 11 7.4 19 13 

Cowpea (forage) (Vigna unguiculata) 2.5 1.7 3.4 2.3 4.8 3.2 7.1 4.8 12 7.8 

Trefoil, big (Lotus uliginosus) 2.3 1.5 2.8 1.9 3.6 2.4 4.9 3.3 7.6 5 

Sesbania (Sesbania exaltata) 2.3 1.5 3.7 2.5 5.9 3.9 9.4 6.3 17 11 

Sphaerophysa (Sphaerophysa salsula) 2.2 1.5 3.6 2.4 5.8 3.8 9.3 6.2 16 11 

Alfalfa (Medicago sativa) 2 1.3 3.4 2.2 5.4 3.6 8.8 5.9 16 10 

Lovegrass (Eragrostis sp.)9 2 1.3 3.2 2.1 5 3.3 8 5.3 14 9.3 

Corn (forage) (maize) (Zea mays) 1.8 1.2 3.2 2.1 5.2 3.5 8.6 5.7 15 10 

Clover, berseem (Trifolium 
alexandrinum) 1.5 1 3.2 2.2 5.9 3.9 10 6.8 19 13 

Orchard grass (Dactylis glomerata) 1.5 1 3.1 2.1 5.5 3.7 9.6 6.4 18 12 

Foxtail, meadow (Alopecurus pratensis) 1.5 1 2.5 1.7 4.1 2.7 6.7 4.5 12 7.9 

Clover, red (Trifolium pratense) 1.5 1 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

Clover, alsike (Trifolium hybridum) 1.5 1 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

Clover, ladino (Trifolium repens) 1.5 1 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

Clover, strawberry (Trifolium 
fragiferum) 1.5 1 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

FRUIT CROPS 

Date palm (phoenix dactylifera) 4 2.7 6.8 4.5 11 7.3 18 12 32 21 

Grapefruit (Citrus paradisi)11 1.8 1.2 2.4 1.6 3.4 2.2 4.9 3.3 8 5.4 

Orange (Citrus sinensis) 1.7 1.1 2.3 1.6 3.3 2.2 4.8 3.2 8 5.3 

Peach (Prunus persica) 1.7 1.1 2.2 1.5 2.9 1.9 4.1 2.7 6.5 4.3 

Apricot (Prunus armeniaca)11 1.6 1.1 2 1.3 2.6 1.8 3.7 2.5 5.8 3.8 

Grape (Vitus sp.)11 1.5 1 2.5 1.7 4.1 2.7 6.7 4.5 12 7.9 

Almond (Prunus dulcis)11 1.5 1 2 1.4 2.8 1.9 4.1 2.8 6.8 4.5 

Plum, prune (Prunus domestica)11 1.5 1 2.1 1.4 2.9 1.9 4.3 2.9 7.1 4.7 

Blackberry (Rubus sp.) 1.5 1 2 1.3 2.6 1.8 3.8 2.5 6 4 

Boysenberry (Rubus ursinus) 1.5 1 2 1.3 2.6 1.8 3.8 2.5 6 4 

Strawberry (Fragaria sp.) 1 0.7 1.3 0.9 1.8 1.2 2.5 1.7 4 2.7 

Figure 15 – Salt tolerance of arable crops14 
 
Logistical issues/successes 
 

 Managing pumps – 2 inch pump required 2 members of staff on a regular basis, 
and required a location for storage etc. This will be resolved with the use of 
larger 6 inch automated pumps. 

 Getting bunds erected – contractors were fairly flexible, but bunds took longer 
to erect than anticipated, and were probably over engineered (will this be 
required for the field scale trials?). 

 Dealing with consents/permits – these were relatively quick and easy for the 
small scale plots (BPS aside), but are likely to cause time delays and put 

                                                           
14 Salinity is either measured by electrical conductivity (EC) or total dissolved salts (TDS). TDS are recorded in milligrams (mg/L or 
ppm) and the standard EC unit is microSiemens per centimetre (μS/cm). EC can be converted to TDS by using the following 
equation :TDS (mg/L) = EC (μS/cm at 25oC) x 0.6   
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farmers off as we progress into the field scale trials (especially risk around 
BPS/RPA). 

 Retaining water/getting rid of water – conditions are out of our control, and there 
could be issues/delays around erecting the bunds/getting the land back into 
condition if it’s too wet, or retaining water if it’s too dry as we progress with field 
scale trials. 

 Site visits and project promotion – we held a number of successful site visits 
that local farmers, civil service, and NGOs attended; and received positive 
feedback from Yokefleet 

 Securing support internally – internal staff were able to visit the sites and 
provide feedback, and we had support from Blacktoft Sands with delivery. 
Internal EA staff advised on water quality and water table depth. 

 Analysis – this went relatively smoothly, and the EA provided support by 
providing the YSI Pro to carry out in field monitoring. York University, including 
the Redeker lab, have been very supportive with advice and access to 
equipment. 

 
 
Costs 

o Contractors (bunds) 

o Purchase of 2 inch pump (and fuel) 

o Crop payment 

o BPS payment 

o Permits / consents (planning) 

o Sampling / monitoring (EA labs, York Uni) 

o Field Kit (penetrometer and basic tools) 

 

Risks to consider moving into the field scale trials 

o Securing land (setting an appropriate fee, finding the ‘right’ type of land) 

o Retaining water over a larger scale (cost and time) 

o Permits and consents – especially planning, species/habitat, reservoir act, 

abstraction 

o Maintaining and developing support locally / regionally 

o Weather anomalies (inc. flooding and drought) 

o Pests/weeds (primarily black grass invasion (still uncertain as to effect), but also a risk that 
anoxic water won’t penetrate through clay soils)  

o Reduced yields and damaged soil post flood (we anticipate higher yields based on evidence 
from the US/Netherlands, but this is a major risk as far as farm uptake is concerned)  

 


