
TOPIC 1: ARTIFICIAL DRAINAGE 
 

Before we can consider irrigation, drainage and leaching in detail we need to discuss some 

of the fundamental concepts of soil water storage and movement. In the next section we 

will make a short but all important digression to introduce some key ideas. 

 

Let us first consider what happens at air-water interfaces.  The water molecules at the 

interface are attracted to the neighbouring water molecules, but not to the neighbouring air 

molecules.  The net effect is a force tending to pull the surface water molecules deeper 

down into the water.  This means air-water interfaces are always trying to reduce their 

surface area, or put another way the interface behaves as if there was a skin there.  

Imagine the force needed to break a metre of that "skin" (just as you can imagine the force 

needed to tear into two a length of cloth one metre wide).  We call that force per unit 

length the surface tension between air and water, and denote it using the symbol S.  

Measurements have shown it to be 0.073 N m-1. 

 

The shape with the smallest surface area to volume ratio is the sphere.  Thus rain drops are 

round like tiny balloons.  The stretched rubber "skin" indicates the air inside a balloon is 

under a greater pressure than the air outside.  Similarly the water in a rain drop is at a 

higher pressure than the air around it.  The force due to this pressure difference must 

balance the net force holding the "skin" of the drop together. 

 

But in soil we don't just have air and water.  We have solid surfaces as well, and water 

molecules stick to most solids even more strongly than they stick to each other.  For 

example, consider a blob of water stuck in a glass capillary tube, as shown in Figure 1.  The 

inner glass surface is trying to maximise the area wetted by the water.  But the area of air-

water interface is resisting being made larger by the water being pulled along the glass 

surface.  The air-water meniscus is concave, in contrast with the convex shape of a rain 

drop.  This suggests the pressure in the water in the glass tube is lower than atmospheric 

pressure, which it is. 

 

In very dry soils capillary forces are less important.  Instead a layer of water a few 

molecules thick sticks to the  surfaces of the sand, silt, clay and humus particles, and is so 

strongly adsorbed by the surfaces that it is unavailable to plants. The more colloidal material 

(i.e. clay and humus) a soil contains, the greater its surface area per unit volume, and so 

the more unavailable water it contains. 

 

It is now obvious why plants first experience stress at different water contents in different 

soils.  Different soils have different pore size distributions, and different amounts of clay and 

humus in them.  So their water contents at the point when plants start to experience water 

stress will be different. 

 

Consider two soils, one a loamy sand and the other a silt loam, both growing the same crop, 

and both with a volumetric water content of 0.15.  The crop on the loamy sand is likely to 



be growing quite happily, while the crop on the silt loam is severely water-stressed.  Clearly 

knowing how much water is in the soil is not the whole story. 

 

A dry sponge soaks up water spontaneously when dipped into water.  But to get the water 

out of the sponge is not so easy.  At least some effort, or work, or energy has to be 

supplied.  Just squeezing the sponge will force the water out of the bigger holes, but won't 

get all the water out.  To do that you will have to leave it in the sun, or put it in a oven to 

dry.  So the water in the sponge is not "free", to extract it you have to "pay for" it by 

putting in energy. 

 

Soil behaves like a sponge.  Water will only spontaneously drip out of soil if it is effectively 

saturated.  Otherwise the water has to be pushed, sucked, or evaporated out of the soil, 

that is energy has to be supplied.  As a soil gets drier and drier, it gets harder and harder to 

extract water from it. 

 

As a soil dries out, the remining water is in smaller and smaller pores and is harder and 

harder to remove. 

 

But for a significant amount of water movement to occur in a reasonable time, the second 

condition must also be met.  The soil must be conductive, or have a reasonable hydraulic 

conductivity.  Water is a viscous fluid.  Pushing water through very small soil pores is like 

trying to suck honey through a straw, it takes a lot of effort or work. This is because water 

molecules tend to stick to each other, and to the sides of the soil pores.  The viscosity of a 

liquid tells you how easily it flows; the higher the viscoisty the more slowly it flows. 

 

But soils are not always saturated.  In a fact a good soil will rarely if ever be saturated.  As 

nearly all the water flow is through the macropores, once the macropores have drained the 

soil loses its ability to conduct water fast.  So when they are at a matric potential of -5 kPa, 

the hydraulic conductivity is often only about 0.05 mm/h or 1 mm/day.  But remember soils 

are still quite moist at that matric potential, and plants have no trouble extracting water.  A 

remarkable property of a good soil is its ability to rapidly drain away excess water (due its 

high saturated hydraulic conductivity), but to stop conducting and loosely hold large 

amounts of plant-available water once the macropores have emptied. 

 

Infiltration is the soaking of water into a soil.  If a shallow depth of water is ponded on the 

soil surface, the resulting infiltration rate is called the infiltrability, and represents the 

maximum rate at which that soil at that time can absorb rainfall or irrigation.  The 

infiltrability is often expressed in mm h-1.  A low value would be 5 mm h-1 and a high value 

500 mm h-1.  A soil with a high macroporosity usually has a high infiltrability.  Provided there 

is not a shallow water table, for initially wet soil, or after infiltration has occurred for long 

enough for only the gravity capillary force to matter in the top soil, the infiltrability of a soil 

equals its saturated hydraulic conductivity.  Thus Table 1 also gives infiltrability classes. 

 

If the application rate of rainfall or sprinkler irrigation exceeds the infiltrability, surface 

ponding and eventually surface runoff will occur, as the soil will not be able to soak up the 



water as fast as it is being applied.  While the infiltrability is mainly determined by the 

macroporosity, other factors can also influence it.  Such factors are as the initial soil water 

content, the presence of a poorly-conducting layer with few macropores at the surface or 

elsewhere in the profile, or water repellency of the soil particles due to organic coatings. 

 

 

What happens after a certain depth of soil has been wet up to near saturation by rain or 

irrigation?  Infiltration has ceased but gravity (and capillarity at the wet front) is still pulling 

the soil water downwards, so drainage continues.  This causes redistribution of the soil 

water.  Thus the wet front moves further down, and the initially wetted soil gets drier as 

water drains out of its macropores.  But as its macropores drain, its ability to conduct water 

(i.e. its hydraulic conductivity) gets less and less.  Usually after several days all the 

macropores have drained.  The soil is then a poor water conductor with an hydraulic 

conductivity of 1 mm/d or less, and subsequent drainage becomes slow enough to be 

almost negligible.  The nearly-constant water content in the soil then is called the "field 

capacity". 

  



 

 
 

Figure 5:  Simulated water content profiles following 30 mm of rain or irrigation 

on a medium-textured soil initially at a matric potential of -70 kPa.  

The numbers on the curves are times in days after the cessation of 

the rain or irrigation. 

 

Field capacity was originally defined in California in 1949 as:  

 "the amount of water held in soil after excess water has drained away and the rate 

of downward movement has materially decreased, which usually takes place within two or 

three days after rain or irrigation in pervious soils".   

 

The amount of water can be expressed as a volumetric water content, or the equivalent 

depth stored in the root-zone.  From the definition, and Figure 5, it is obviously not a true 

constant, and is not even definable in all soils.  However over the years it has proved a 

useful approximation. 

 

Field capacity is best measured as it is defined, by field sampling 2 or 3 days after heavy 

rain or irrigation.  Sometimes this is inconvenient, so ways of estimating it have been 

sought.  Empirically, the water content at field capacity has been found to equal the water 

content at a matric potential somewhere between -5 and -20 kPa.  So the water content at 

some potential within this range (often -10 kPa) is often used as an estimate of field 

capacity.  This allows field capacity to be estimated from laboratory measurements using the 

pressure plate apparatus, or from a soil water retentivity curve. 

 

Note that the definition of field capacity in some elementary soil science texts as "the 

maximum amount of water that a soil can hold against the pull of gravity" is not strictly 

correct.  At field capacity gravity will typically still be draining water from the root zone at 

about 1 mm d-1, and given time would dry out the soil further.  But as root uptake to supply 

summer evaporation is typically 4 mm d-1, drainage usually is considered negligible relative 



to evaporation after the soil has drained to field capacity.  Remember also at field capacity 

the macropores have drained, so the soil is not saturated. 

 

Field capacity represents the upper limit of plant-available water.  If more water is added to 

the root-zone than it holds at field capacity, the excess drains away before the plants can 

use it.  A good soil has a macroporosity of at least 0.1 or 10%, so it has enough gas-filled 

pore space at field capacity for adequate aeration. 

 

Permanent Wilting Point 

 

As mentioned before, not all the soil water stored in the root-zone can be extracted by 

plants, some of it is bound too strongly to the solid phase of the soil.  The water content in 

a soil when plants have dried it out as much as they can is called the "permanent wilting 

point".  Again this is not a precisely defined constant, as it depends somewhat on the plant 

species, the weather conditions, and the root density.  It has been found to correlate 

reasonably well with the water content at a matric potential of -1.5 MPa (or -1500 kPa), so 

can also be estimated from a pressure plate measurement or a soil water retentivity curve. 

 

Stress Point 

 

Some time before the soil in the root zone has been dried out to its permanent wilting point, 

plant growth will usually have been reduced by water stress.  Leaves are subjected to a 

certain evaporative demand by the prevailing weather conditions (mainly solar radiation and 

air temperature).  If plants are to remain turgid, with their stomata open to allow CO2 in for 

photosynthesis, the roots must be able to extract water from the soil at a rate sufficient to 

match the evaporative demand.  The water potential in the roots must drop to a value lower 

(more negative) than the matric potential in the soil.  But also the soil around the water- 

absorbing roots must remain conductive enough for water to move fast enough to the roots.  

As we have seen, the drier the soil, the less conductive it is.  So as the soil dries out 

eventually the roots cannot extract water at the rate demanded by the leaves.  The stomata 

then close, and the plant is under some water stress, although this may not be obvious to 

the eye.  Growth rate is one of the first things to be affected by this stress. 

 

So another imprecise but useful definition is the "stress point", the soil water content in the 

root-zone at which plant growth starts to be significantly affected by water stress.  This is 

often observed to occur when the matric potential is between -40 kPa and -100 kPa.  A 

loamy sand will be a lot drier at stress point than a clay loam, even though they may be at 

the same matric potential.  Again stress point is not a precise constant.  In fact the root-

zone will not dry out uniformly, and will be characterised by a range of matric potentials and 

water contents at stress point.  Also different plant species and weather conditions will 

affect the stress point observed in a soil. 

 

  



Total Available Water-Holding Capacity (WT) 

 

This is defined as "the water held in the root-zone between field capacity and permanent 

wilting point".  The depth of the root zone is hard to define, as root density usually 

decreases exponentially with depth, but the effective depth can be roughly estimated.  WT is 

expressed as an equivalent depth of water, and is given by 

 

 

or in uniform soil by 

 

 

where Z = effective rooting depth [m or mm] 

  θFC = water content at field capacity [m3 m-3] 

  θPWP = water content at permanent wilting point [m3 m-3]. 

 

Note WT is a function of both the soil and the crop. 

 

Readily Available Water-Holding Capacity (WR) 

 

To avoid water stress the soil show not be allowed to get anywhere near permanent wilting 

point.  Irrigation needs to be applied when, or before, stress point is reached.  So another 

useful soil-crop parameter is the readily available water-holding capacity. It is "the water 

held in the root zone between Field Capacity and Stress Point", and given by 

 

 

or in uniform soil by 

 

 

where θSP is the water content at stress point (m3 m-3). 

 

Soil Water Summarised 

 

In a simplified way, we can think of soil water as shown below:- 
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Some Typical Values 

 

In Table 2 below are estimates of the soil water parameters for the top 300 mm of three 

contrasting soils. 

 

Table 2: Available water held in the top 300 mm of three soils. 

 

Soil θFC θSP θPWP WT 

(mm) 

WR 

(mm) 

WT-WR 

(mm) 

Egmont loam  0.44 0.33 0.22 66 33 33 

Tokomaru silt loam 0.39 0.26 0.20 57 39 18 

Pukepuke sand 0.31 0.19 0.16 45 36 9 

 

All three soils have similar readily available water-holding capacities (WR), as the topsoil of 

the sand contains quite a lot of humus, and the silt loam topsoil has quite good structure.  

Note, however, the very different amounts of "survival water" in the last column of Table 2.  

Plants on the sand would go very quickly from stress to death, while those on the loam 

would survive a lot longer. 

 

Rainfall is irregular, but evaporation occurs every day.  It is the available water stored in the 

root zone that supplies the water between rainfall or irrigation events, buffering the crop 

against water stress. 

 

In their calculation of "drought days" the N.Z. Meteorological Service assumes an typical soil 

growing a typical pasture or crop has 75 mm of plant-available water stored in it at field 

capacity.  For this rough calculation they do not distinguish between WT and WR.  As a 

typical evaporation rate in a sunny summer is 5 mm d-1, this means under such climatic 

conditions a typical soil-crop system has about 15 days of water in it when the root zone is 

brought back to field capacity.  Of course different soil-crop systems will vary widely.  

Shallow-rooting turf on sand might have WR = 15 mm, and so can suffer stress after 3 days, 



while mature kiwifruit on a deep well-structured loam soil might have WR = 150 mm, and so 

grow quite happily for a month in summer without any rain or irrigation. 

 

DRAINAGE 
 

In this topic we will consider some of the basic ideas pertinent to a consideration of the role 

of artificial drainage in sustainable land management.  While we will not have time to 

consider the design of artificial drainage systems much of what we will discuss forms the 

basis of the design procedure and criteria.  Hopefully, at the end of these two lectures you 

will be able to answer the following questions. 

 

 What are the benefits of artificial drainage or why is it important to drain wet soils 

we intend to ‘use’? 

 How do you determine the drainage status of a soil? 

 What are the causes of drainage problems? 

 What are the general types of drainage systems commonly employed in New 

Zealand? 

 

THE NEED FOR DRAINAGE 

 

The history of agricultural and horticultural development in New Zealand has often been 

closely associated with the artificial drainage of land.  Initially, drainage was concentrated 

on the fertile alluvial plains as these areas had the greatest agricultural and horticultural 

potential.  Of course, the installation of drainage systems is now a common place practise 

throughout the country. 

 

Some of NZ’s most fertile and versatile soils have a wetness limitation.  Of the 6.37 million 

ha of Class II to IV land (Land Use Capability classification), 2.67 m ha, or 42%, are 

estimated to be likely to benefit from artificial drainage.  Of course,  the extent or 

magnitude of drainage problems varies according to soil type (see below) and climatic 

region (ie. winter/spring rainfall distributions).  The ‘wettest’ arable land includes: gley and 

gley recent soils, peats, podsolised yellow-brown earths and podzols, and wet sand plains.  

Other Class II -IV land which has major drainage problems are: yellow-grey earths, yellow-

grey earth /yellow-brown earth intergrades, lowland yellow-brown earths, and many recent 

soils. 

 

There is also 1.3 million ha of non-arable land (ie Class V-VII) with a wetness limitation, 

most  of which would be more productive if drained.  There is 0.4 million ha of flat and 

undulating land which may be improved by drainage and a minimum of 0.86 million ha of 

hill country in the North Island with a wetness limitation (drainage of some this land would 

have the additional benefit of improved slope stability). 

 

The formation, characteristics and management of wet soils were discussed in more detail 

earlier in this course as part of the consideration of soil groups.  If you want to read more 

about this topic then you could refer to “Land in New Zealand which could benefit from 



drainage” by J.R. Fletcher in the Proceedings of the First National Land Drainage Seminar, 

1982.  A copy of these Proceedings is held in the Library. 

 

The two main points I have been endeavouring to make here are: that poor drainage is a 

wide spread problem which effects the sustainable management of much of NZ’s land and 

that our ‘elite’, ie. most fertile or intensively used soils are not exempt these difficulties. 

 

So much for generalities; a more interesting and perhaps useful question is, “How does one 

tell if a particular soil (perhaps of unknown name) has a wetness limitation”?  You may one 

day be asked a similar question of a soil you are unfamiliar with. 

 

DETERMINING THE DRAINAGE STATUS OF A SOIL OR SYMPTOMS OF WATER 

LOGGING 

 

How would you go about identifying the extent or severity of a drainage problem?  The 

most precise way would be to measure the rate at which water moves through the soil 

profile (see Lab exercise) or monitor the water table level over (a number of) the winter 

/spring period(s).  Unfortunately, many land managers and their advisers do not have the 

time , equipment or expertise to make such measurements.  However, careful visual 

inspection of the landscape, soil profile and crop cover can reveal a great deal of 

information about the drainage status of a site.  We will consider what to look for when 

inspecting the: plant, soil, and animals. 

 

Obviously, plants vary greatly in their susceptibility to saturated soil conditions.  For 

example, while wet conditions might kill an entire crop of process peas, an ungrazed sward 

of ryegrass might be relatively unaffected by weeks of saturation in winter.   

 

Plant symptoms which in certain contexts indicate prolonged, saturated soil conditions 

include: 

 

• less production eg. decrease in shoot or fruit growth, 

• a diminishment in produce quality, 

• reduced (shallow) root penetration, 

• the presence of weeds which are tolerant to water logged conditions, 

• wilting, 

• chlorosis, 

• premature senescence, and 

• pest and diseases (in both roots and shoots), 

 

To ascertain the drainage status of a soil you will have to dig a deep hole and carefully 

inspect the soil profile and note the following characteristics.   

 

• colour - brown or brownish shades indicates no drainage problem  

 - grey colours in the soil increase with increasing wetness (gleying) 

- mottling (indicative of a fluctuating water table) 



•  smell - H2S associated with reducing (extremely wet) conditions 

• texture - fine textured soils are more likely to have drainage problem coarse textured 

soils 

• structure - the absence of  macropores or structural cracks is suggestive of low 

permeability 

• roots - plant root systems confined to the surface soil are in keeping with poor drainage 

 

Use of wet soils often has a graphic visual effect on the surface soil.   

 

• surface ponding or ‘boggy’ conditions, 

• treading and pugging damage, and 

• damage by machinery or equipment. 

 

On occasion animals may exhibit symptoms which are suggestive of very wet soils. 

 

• diseases (liver fluke, foot rot) 

• poor condition or performance in winter and spring. 

 

A note of caution - you need to ‘build a picture’ of the drainage status of a soil, which is to 

say that  ordinarily several factors will point to poor drainage.  It would be foolhardy to 

consider any one or two of the symptoms listed above in isolation.  For example, there are a 

number of reasons why root systems might be shallow; perhaps the subsoil is acidic.  

Likewise, there are obviously a multitude of reasons as to why diseases might attack plants 

or why animals may be sick in winter, most of which are unrelated to drainage.  In addition, 

if 50 mm of rain fell overnight, surface ponding may occur even on well drained soils, as 

might treading damage if grazing took place during this storm.  Care is needed in 

interpreting these observations. 

 

Imagine that a wetness limitation has been identified: the next question to arise might be, 

“what would be the advantages of drainage”?  While the specific answer will depend on the 

landuse, drainage affords a number of general advantages.  These benefits are obviously 

related to the problems poor drainage is likely to give rise to. 

 

SOME REASONS FOR WATER LOGGING DAMAGE 

 

What problems are associated with saturated soils? 

 

• Aeration, which is essential for plant root and soil micro-organism respiration, is 

reduced. Undesirable chemical and biological processes take place when oxygen is in 

short supply ie. change from an oxidising to a reducing environment (eg production of 

methane). It is reduced forms of iron and manganese which give wet soils their 

distinctive colour. The increased demand for oxygen at elevated soil temperatures 

means that water logging in winter is likely to cause less damage to plants than a similar 

period of saturation in spring or summer. 

 



• Root growth (proliferation and depth) is restricted. 

 

• Nutrient availability is decreased, particularly nitrogen.  The rate at which organic matter 

is mineralised will be slowed, there may be less N fixation and an increase in N losses 

(denitrification). 

 

• Wet, bare soil may be cooler than dry bare soil which may effect the timing of 

germination and emergence of seedlings in some arable systems. 

 

• As the water content of surface soil increases the soil strength or the bearing strength 

decreases so that both animals and machines damage the structure at the soil (eg. 

compaction).  Grazing wet soils results in not only soil structure damage but poor 

pasture utilisation and suppressed regrowth rates.  The field work necessary for spring 

sowing of crops is likely to be delayed on wet soils and tillage may cause compaction. 

 

• Cold, wet land encourages the survival of parasites and diseases harmful to both plants 

(eg. fusarium) and animals. 

 

• Wet soils on a slope are more prone to erosion. 

 

 
 

Figure 6: Relationships between resistance to penetration and soil water 

content. Ramiha silt loam (filled squares), Manawatu fine sandy 

loam (filled triangles) and Tokomaru silt loam (filled circles). Bars 

represent standard deviations (after Climo and Richardson, 1984). 

 

• Poor drainage limits (sustainable) landuse, again due to a combination of factors. 



• Poor drainage may cause a reduction in ‘yield’ or product quality, most likely as a 

consequence of a number of the above factors. 

 

It is claimed that for each of the above points there is a corresponding benefit of drainage.  

For example, if crops can be planted earlier in spring with less damage to soil structure, 

then they should yield more at harvest. 

 

ECONOMICS OF DRAINAGE 

 

Land drainage works are expensive and so the financial benefit of drainage should be 

‘considered’ before a system is installed.  Unfortunately, a rigorous analysis of the cost 

effectiveness of drainage is not as straight forward as for other types of farm development 

or investment, particularly for pastoral based units.  One approach to this difficulty is to 

decide on the purpose(s) or objective(s) for draining; then some form of crude calculation 

based on the relative magnitude of benefits of drainage in this context might provide some 

guidelines as to the financial soundness of drainage. 

 

In this respect, four situations can be identified. 

 

 1. Reclamation - drainage to make landuse possible e.g. draining a swamp or 

wetland.  Given the increasing public awareness of the value of such areas as 

preservation sites, drainage of wetlands would now be most uncommon. 

 

 2. The ‘breakdown’ situation - where unless drainage is installed the present 

(unsustainable/uneconomic) landuse will have to be abandoned e.g. intensive 

arable systems. 

 

 3. Drainage for improved productivity (or efficiency)- eg. drainage carried out so 

as to increase the stocking rate. 

 

 4. Drainage to change the landuse eg from grasslands to cereals or from dry-

stock to dairying. 

 

These are obviously not discrete categories; there will be a good deal of overlap and certain 

situations may fall between these groups, however, in as much as they reflect likely reasons 

for drainage they are a starting point for a cost-benefit analysis of proposed drainage works.  

The economic merit (or lack thereof) will be more transparent in situations 1 and 4 (and 

perhaps 3).  This is not to imply that drainage is more important in these contexts.  On the 

contrary, one might be tempted to argue that drainage for sustainable landuse is of 

paramount importance.  This concession notwithstanding, there is the difficulty of defining 

exactly what this means let alone the problem of evaluating it in monetary terms. 

 

We do not have the time or space to discuss the details of economic analyses of drainage, 

suffice to say that in some situations it is a complex undertaking. 

 



Suppose it has been decided by the land manager that there is merit in the idea of draining 

a particular area.  The next question to address is, “what is the cause of the drainage 

problem and what type of drainage system will be most effective”? 

 

THE CAUSES OF WET LAND 

 

Before a drainage system can be designed the cause of the surplus water must be identified.  

There are four major causes of excessive soil wetness: 

 

• Runoff and spring discharge from elevated areas on to flat land below. 

 

• Water tables rising from deep (well below the root zone) impermeable layers.  Ironically, 

the soil above this barrier layer is often very permeable, for example, yellow-brown 

sands. 

 

• Perched water tables which form because an impermeable layer in the soil profile 

impedes the downward movement of water.  The impermeable layer may be quite 

shallow and thin (a plough pan) or it may occupy the greater part of the soil profile . 

 

• Sometimes excessive wetness occurs at the soil surface because of smearing or puddling 

of the topsoil.  This normally indicates that soil structure has been damaged, probably by 

animals or machinery when the surface soil was wet and lacked cohesive strength. 

 

Once the cause of excessive soil wetness has been identified, the appropriate form of artificial 

drainage can be used to rectify the problem.  Drainage systems fall into two broad categories - 

subsurface, and surface drainage. 

 

Sub-surface Drainage 

 

When appropriate, subsurface drainage is the most efficient means by which to drain excess 

water from the soil.  Let's briefly consider the types of subsurface systems needed to combat 

the first three causes of wetness just listed.   

 

Rising water table 

 

Control of a rising water table in permeable soils is generally best achieved by deep pipe 

placement which allows a wider, more economical pipe spacing to be used.  In layered soils 

(those with layers of contrasting texture or structure), it may be desirable to use a permeable 

backfill over the pipe to ensure connection between the pipe and the most permeable soil 

layers. 

 

Perched water table 

 

To effectively drain water perched on impermeable or slowly permeable subsoils, pipe spacings 

would have to be so close that economic drainage would not be possible.  Therefore, as well as 



pipe drainage the use of some form of secondary treatment is essential.  There are two 

important secondary treatments - subsoiling and moling.  If the impermeable layer is shallow 

and thin, (eg. a plough pan), then subsoiling may shatter this pan allowing water to move 

down through the subsoil and into the pipe. 

 

 

 
 

Figure 7: Mole drainage. 

 

In many cases the layer restricting water movement is too deep and thick to be completely 

fractured by a subsoiler.  In these soils moling is generally preferred.  Moling is an operation in 

which a channel is extruded in the subsoil using a mole plough.  The passage of the mole 

plough through the soil causes the soil to heave slightly which results in a network of cracks 

which provide pathways for water to move rapidly through the soil and into the mole channel.  

Pipes laid below and generally at right angles to the mole channels provide an outlet for water 

in the moles.  The use of permeable backfill greatly increases the efficiency of mole/pipe 

systems by creating a better connection between the mole and pipe. 

 

Surface drainage 

 

Surface drainage is considered by many to be the 'cheap option' or the 'poor relation' of 

subsurface drainage.  However, there are circumstances favouring the use of surface drainage. 

The most common surface drainage methods used are:  graded banks, bedding and open 

ditches. 

 

Graded banks 

 



Rolling and steep grasslands can benefit from the use of channels that intercept and slow 

down runoff water, then discharge it at a safe outfall. This technique is often used in soil 

conservation work to control sheet erosion. 

 

Bedding 

 

Also known as "humps and hollows", this technique employs land shaping to form a series of 

convex surfaces (humps), separated by shallow surface drains (hollows) at 10 to 40 metre 

spacings.  Surface water runs off the humps into the hollows and so adequate fall must be 

provided along the hollows to promote water flow from the paddock.  This method has been 

widely used in flat, low lying areas, such as the Hauraki Plains.  Some degree of success is 

achieved but relief from winter waterlogging is far from ideal because excess water is not 

removed from within the soil.  Livestock tend to congregate on the humps causing pugging 

damage, and the hollows remain wet, blocking vehicle and stock movement.   Machinery usage 

may be impeded by the uneven surface and if subsurface drainage is to be used at a later 

date, the costs of a changeover can be increased. 

 

Open ditches 

 

Open drains are a common sight around New Zealand.  In many cases they have been 

constructed by the Regional Water Boards to provide an outfall for on-farm drainage.  As an 

on-farm drainage technique, steep-sided drains should be avoided wherever possible, since 

they impose a limitation on land use flexibility. 

 

 

Environmental Effects of Artificial Drainage 

 

The substantial benefits of artificial drainage have already been discussed.  But these 

benefits need be considered with the less desirable consequences. 

 

Wetlands can be lost.  Wetlands are important wildlife habitats, particularly for birds.   

Wetlands also play and important role as a filter and nutrient stripper for surface water 

entering lakes, streams and rivers. 

 

Installation of an artificial drainage system often gives rise to an intensification or change in 

land use – this often has an impact on the environment.  

 

Leaching losses from the soil are increased.  Water coming out of drains usually contains 

less sediment, but more dissolved ions, than the surface runoff it replaces.  For example the 

drainage water from a mole-pipe drained soil near Massey University, grazed by sheep, 

removed about 15 kg/ha of nitrogen as nitrate.  Further the nitrate-nitrogen concentration 

in the first 80 mm of drainage during the autumn-winter period exceeded the World Health 

Organisation guidelines for potable (i.e drinking) water of 10 g N/m3 (Heng et al., 1991).  

Even higher nitrate concentrations would be expected from land used for dairying. 

 



The drainage of peat soils poses particular problems.  Such soils have formed under wet 

conditions, and drainage inevitably leads to subsidence and oxidation.  One view is that the 

drainage of such soils is mining them rather than managing them in a sustainable way.  

Certainly the drains should be as shallow as possible, and the water table kept as high as 

possible in summer. 

 

 

 


