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Abstract 

The electromagnetic induction meter permits rapid collection of soil salinity information in the field 
without taking soil samples. This paper describes calibration of the meter with the conventional 
saturated paste extract method. The salinity readings obtained are influenced by soil temperature 
and moisture. The meter can be used in field surveys where grids are laid by conventional survey 
techniques. It also-can be used with global positioning techniques (GPS) to permit rapid 
collection and positioning of data for preparation of maps of salinity. 

The electromagnetic induction meter can be used to determine the salinity tolerances of crops in 
field experiments. This provides a more precise determination of salinity tolerance than is 
obtained from traditional salinity tolerance experiments using saline solutions circulated in sand. 
Field experiments to determine the salinity tolerance of ornamental trees and forage and turf 
grasses are described. Determination of the salinity tolerance of barley and beans is described 
by mapping of soil salinity on a partially saline field with an electromagnetic induction meter and 
yield is mapped using a yield monitor on a combine, both techniques use GPS. Then, a 
relationship between salinity and yield can be determined. 

1 Introduction 

Soil salinity can be measured and mapped in detail in the field. It is also possible to identify low 
levels of soil salinity which may cause appreciable losses in yield in sensitive crops in locations 
which have formerly not been recognized as saline by the farmer and agronomist. Mapping of 
salinity in the field combined with yield monitoring in site specific agriculture can accurately 
determine the crop salinity tolerance and the loss in yield associated with saline conditions. 

Formerly soil salinity was determined by soil sampling and laboratory analysis of the samples. 
This method was labour intensive and costly and could not provide detailed information to 
describe the variability of salinity over space and in time. Typically, for a field to be classified 
suitable for irrigation in Alberta, Canada, would require 3 Ör more sample holes and about 4 or 5 
sample depths per hole would be analyzed. An alternative or supplement to this method is the 
use of aerial photographs to identify the boundaries of saline areas. Aerial photos serve best to 
identify only the most severely saline areas. 

The electromagnetic induction meter (EM38) method for rapid measurement of salinity, has 
greatly improved our ability to measure soil salinity. The EM38 records conductivity readings 
proportionate to the amount of salts in the soil solution. The EM38 does not require direct soil 
penetration, therefore, a large number of readings can be taken at a much lower cost than 
conventional soil sampling (Rhoades et al., 1999). The EM38 meter can be used to measure soil 
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salinity to approximately 0.6 or 1.2 m depth depending on the orientation of the meter. The EM31 
measures salinity to approximately 3m or 5m and is useful for groundwater studies. Since the 
effective depths of the EM38 approximates crop rooting zones, it is useful in salinity tolerance 
studies. 

2 Application of the Electromagnetic Induction Meter 

2.1 Measurement of Salinity 

The method most recognized internationally of measuring sa/inity is the saturated paste extract 
(EC,) which is Feasured in deci Siemens per meter (dSm- ). The EM38 meter reads in milli 
Siemens (mSm- ) on the bylk soil (ECa). This unit is not directly convertible to the International 
Standards (SI) unit of dSm- when the soil salinity is measured by the saturated paste extract. A 
saline soil with a saturated paste EC of 10 dS m- will produce an EM38 reading of about 250 
msm-'. 

The EM38 reading is influenced by soil temperature, moisture and texture (McKenzie et al., 
1989). The reading temperature correction is about +3% per degree below 25OC and -2% per 
degree above 25OC. Soil moisture is important as conductivity is reduced below about 30% 
available moisture. Johnston (1997) in South Africa working with soils that were frequently dry at 
the surface, found that average root zone salinity gave a closer correlation to EM38 readings 
than a weighted salinity described by Wollenhaupt, et al 1986. 

2.1.1 Comparison of methods of measuring salinity 
Soil salinity for 0.0 to 0.60 m as measured by four methods was compared to salinity as 
measured by the saturated paste extract (ECa) for 108 profiles in 15 fields in 1985 and 115 
profiles from 16 fields in 1986 (McKenzie et al. 1990). The methods (1:2 soil water suspension, 
vertical probe, horizontal surface array and EM38) all were significantly correlated with ECe 
(Figure 22). 
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Figure 22 Third degree regression analysis of conductivity readings from alternative 
methods of measuring soil salinity from irrigated and dryland fields vs. 

saturated paste extract EC (ECe). 
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The correlation was closed for the 1 :2 soil to water suspension. The EM38 gave a correlation of 
0.75 and 0.74 using a calibration of McKenzie et al 1987). This is good agreement but the 
correlation is restricted because the EM38 measures a bulk volume of soil and the saturated 
paste extract and the 1 :2 soil to water suspension measures a specific samples from a soil core. 

I 
2.2 Mapping Salinity 

With an EM38 salinity meter towed behind an all terrain vehicle (ATV) it is possible to rapidly and 
accurately map salinity (Cannon et al., 1994). It is possible to collect 7000 soil salinity readings 
per hour (hr) while travelling at 7 kilometers per hour or approximately one reading each metre 
(m). With a 30 m grid, it is possible to map 18 ha hi’. Using a global positioning system (GPS) 
salinity readings can be positioned within 0.01 to 0.05 m accuracy when the GPS system is 
operated in the differential mode (Cannon et al 1997). Differential mode means two receivers are 
used. One is moving with the EM38 salinity meter and the other is a base station at a fixed known 
location. This differential function can also be achieved when the base station is a radio tower at 
a central location. There are several satellites in a fixed position relative to the earth which can 
also serve as base stations. The greatest accuracy of location and elevation is achieved with a 
GPS base station located near the mobile station. This mapping procedure with GPS can also be 
done on fields which are small, too wet to permit an ATV to travel, or in crops which would be 
damaged by an ATV. The mobile receiver can be carried in a backpack and the operator can 
record the EM38 readings on a portable notebook computer. 

If the EM38 salinity maps are to be used for determination of the need for drainage or drainage 
design, it is important to have accurate elevations. This will not be a problem if a distomat (laser) 
is used to position each EM38 reading. When GPS is used to position the EM38 readings, 
elevations can be improved to an accuracy of 0.04 to 0.08 m if the base station is near to the 
mobile receiver. 

2.3 Salinity Tolerances of Crops 

Salinity tolerances of crops have seldom been determined by field experiments because of the 
variability of saline soils. In the traditional field plot experiment the crop is grown on a uniform or 
near uniform site. The spatial variability of saline soils makes it difficult to select a uniformly 
saline site for field plots. Much of the data on salinity tolerance has been obtained from plants 
growing in controlled experiments in sand cultures in greenhouses or using lysimeters. These 
sand cultures are often salinised by circulating the concentration of saline solution required to 
provide the level of salinity desired. The salinity tolerances determined in these sand cultures or 
lysimeters differ from the salinity tolerances a farmer encounters in the field. For example, 
research done in Alberta, Canada, by collecting soil samples and grain samples from farmer’s 
irrigated barley fields indicated a 50% reduction in grain yield at a soil EC of about 8.0 dS/m 
(McKenzie et al., 1983) while 50% reduction of yield of barley grain in experiments occurred at an 
EC of 18 dS/m (Maas, 1990) (Figure 23). Similar differences in salinity tolerances were 
encountered with wheat when comparing Maas (1990) data with that of field experiments by 
Fowler and Hamm (1980) in Saskatchewan, Canada, or with data collected at Brooks, Alberta, 
Canada (McKenzie 1986 unpublished). 
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Figure 23 Third degree regression curves and coefficients of determination (?) for 
relative grain yield of barley versus saturated-paste extract EC for 0-30 cm soil 

depth. 

The reasons for these differences between field and controlled experiments are: 
o Many experiments used plants established under non-saline conditions, thus, avoiding 

salinity damage in the seedling stage when some crops such as wheat, barley and sugar 
beets are most sensitive; 
Temperature is a factor, which influences salinity tolerances according to recent work by 
Dalton (1997 unpublished). He found salinity tolerance of tomatoes to be greater at 
higher temperatures than at lower temperatures, therefore, crops growing on saline soils 
in Western Canada may be more sensitive due to the low soil temperatures that exist for 
much of the season; 
Water deficiency occurs in field crop production and, when combined with salinity, 
increases the osmotic stress. Water deficiency is usually not a major factor in more 
controlled greenhouse experiments. 
Crusting of soil reduces emergence of crops under field conditions. Also, these soils 
frequently have poor drainage and develop waterlogged areas where there is insufficient 
oxygen in the soil for growth or survival of roots. These are usually not problems in 
greenhouse or lysimeter experiments. 

The established salinity tolerance values in the literature may not be applicable to field conditions. 
Some of the pulse or horticultural crops have low salinity tolerances. Damage may ofcur at levels 
of salinity, which are not easily visible by a farmer. A soil with an EC of 14 dSm‘ or above is 
white for part of the year and only grows a few salt tolerant weeds. Soils with an EC of 8-14 dSm- 

may show reduced growth, i?creased amounts of weeds and sometimes some white areas. 
Soils with an EC of 3 to 8 dSm’ can cause major reductions in growth of salt sensitive crops and 
can cause some reduction in yield of most other crops but there are no visible signs of the 
salinity. The farmer usually is not aware of their extent hence the term “hidden salinity”. Many 
salt affected soils in Western Canada and many irrigated soils in Alberta have an EC in the 3-8 
dSm-’ range. 

0 

o 
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2.3.1 Comparison of methods for determination salinity tolerance 

Soil salinity levels as determined by five methods (McKenzie et al. 1990) were compared to 
relative yield of wheat at the same sites with the highest yield in each field being given a value of 
1 (Figure 24). Here the soil salinity as measured by EM38 meter was equally closely correlated 
to yield of wheat as salinity measured by the saturated paste extract. Therefore, if the purpose of 
measuring salinity is to predict the growth of a salt sensitive crop, the salinity which can be 
measured rapidly by the EM38, is equally effective as measured by the more labour requiring 
saturated paste extract method. The other methods, the horizontal array, vertical probe and 1 :2 
soil water suspension were also similarly closely correlated to the yield of wheat. These three 
methods are intermediate in labour requirement. 

0.8 

Figure 24 Thrid degree regression analysis of soil salinity measurements for 0.0 to 0.3 m 
for five methods vs. wheat grain yield. 

2.3.2 Salinity tolerance of ornamental trees and shrubs 

Using of the EM38 and a portable computer to log salinity readings make it possible to carry out 
field experiments to measure salinity tolerance of crops. A field experiment on salinity tolerance 
of ornamental trees and shrubs (McKenzie et al., 1994) measured salinity and the impact on 
growth on 28 species or about 1200 individual trees and shrubs. 

Both salinity tolerance (Figure 25) as expressed by growth and morality rates (Figure 26) were 
identified for various species of trees and shrubs. Russian olive (Elaeaganus angustifolie), 
Siberian salt tree (Halimodendrum halodendrum), potentilla (Potentilla fruiticosa), dogwood 
(Cornus serica, caragana (Caragana aborescerus) and Brooks poplar (fopulus x "Brooks") had 
the most tolerance to high salinity. Growth rates in the low salinity zone (EC 1.7 - 4.0 dS/m) were 
greater for most species than in more saline zones such as medium low (EC 4.1 - 5.ldWm) and 
medium EC (5.4 - 6.9 dS/m). Russian olive and caragana exhibited the lowest mortality rates in 
the high (EC 8.9 - 11.8 dS/m) and medium high (EC 7.3 - 8.8 dS/m) 
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Figure 25 Growth index as a function of soil salinity. 

2.3.3 Salinity tolerance of forage and turf grasses 

The salinity tolerance of 28 species of forage (Table 24) and turf grasses (Table 25) (McKenzie 
and Najda, 1994) was measured by taking 2016 salinity readings with an EM38 salinity meter and 
forage samples at one site in a year. This experiment would not have been financially feasible 
with traditional methods of soil sampling and analysis. 

Tall fescue and creeping red fescue were the most salt tolerant turf grasses. The differences in 
salt tolerance were large. Creeping red fescue, a common turf grass, produced more than 12 
times the amount of dry matter as Kentucky bluegrass in the most saline zone (Table 25). 
Kentucky bluegrass, the most frequently used turf grass is routinely planted in all types of 
conditions because of its tolerance to traffic, despite its lack of tolerance to salinity. 

The relationship between salinity and yield (Figure 27) is shown for 5 species of grasses. This 
illustrates how at an EC of 9 dSm-’ with 90% confidence limits the mean yields for Troy Kentucky 
bluegrass (Troy) (Figure 27c), creeping red feTcue (Boreal) (Figure 27a) and tall fescue (arid) 
(Figure 27b) were O, 1.3-2.5 and 3.5-4.5 t ha- , respectively. Two forage grasses are shown, 
Redtop (Figure 27b), which is sensitive to salinity and Dahurian wildrye (Figure 27e), which is 
tolerant to salinity. The most salinity tolerant forages were tall wheat grass, Dahurian wildrye, 
Russian wildrye and smooth bromegrass. 
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Figure 26 Percent mortality as a function of soil salinity. 

Table 24 Adjusted dry matter yields in tlha of forage grasses for three salinity levels at 
Millicent for 1992 and salinity levels with 95% confidence limits for means. 

I 992 

Variety 
Salinity level dSm-' 

Medium Hiah Low 
Ranae ~2.5 u 

confidence limit of mean 1 .O&. 1 
Dahurian wildrve 12.7 b 
Tall Wheatgrass 
Slender wheatgrass 
Tall fescue (Courtenay) 
Crested wheatgrass (Fairway) 
Smooth bromegrass 
Russian wildrye 
Crested wheatgrass (Kirk) 
Meadow bromegrass 
Pubescent wheatgrass 
Intermediate wheatgrass 
Orchard grass 
Timothy 
Reed canarygrass 
Northern wheatgrass 
Altai wildrye 
Redtop 
Streambank wheatgrass 

13.8 ab 
11.0 bc 
13.0 ab 
11.3 bc 
14.3 ab 
11.0 bc 
11.8 bc 
14.9 a 
12.6 b 
14.7 ab 
13.0 ab 
13.2 ab 
14.9 a 
9.4 cd 
5.2 e 
10.4 c 
7.4 d 

2.5 - 0.5 
5.2d.3 

12.7 bc 
14.9 a 
12.6 bc 
13.1 b 
11.1 c 
13.7 ab 
11.8 bc 
11.4 bc 
13.3 ab 
12.9 b 
12.6 bc 
13.1 bc 
12.0 bc 
11.6 bc 
11.5 bc 
8.3 d 
9.2 d 
9.1 d 

>8.5 
10.7d.2 

11.0 b 
13.6 a 
9.5 bc 
10.8 bc 
11.1 b 
12.0 ab 
12.8 ab 
10.8 bc 
10.4 bc 
11.0 b 
9.2 c 
8.2 c 
6.6 d 
7.7 cd 
9.9 bc 
10.1 bc 
3.6 d 
8.6 c 

level. Values fbllowed by a different letter are significantly different at the 5% level 
according to the Student Neuman Keuls test. 
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. .  
Hard fescue 8.3 b 
Creeping red fescue 10.3 ab 
Creeping bentgrass 1.4 c 
Weeping alkali grass 4.0 c 
Sheep fescue 8.4 b 
Kentucky bluegrass 3.6 c 

Table 25 Adjusted dry matter yields in tha of turf grasses for three salinity levels at 
Millicent for 1992 and salinity levels with 95% confidence limits for means. 

8.5 ab 3.7 B 
10.8 a 7.6 Ab 

0.7 B 2.6 b 
5.6 b 2.6 B 
9.4 a 1.8 B 
4.9 b 0.6 B 

1992 

Salinity level dSm" 
Variety Low Medium High 

Ranae ~ 2 . 5  2.5 - 8.5 >8.5 - 
Confidence limit of mean 1 . 0 ~ . 2  5.04.4 0.9a.4 

11.2 a I 8.9 A Tall fescue (Arid) 12.6 a 1 

I&- 

Figure 27 Relationship between salinity and yield for 5 species of grasses. 

a Creeping Red Fescue (Boreal) (Millicent Grass Salinity, September 1991) 
b Tall Fescue(Arid) ) (Millicent Grass Salinity, September 1991) 
c Kentucky Bluegrass (Troy) ) (Millicent Grass Salinity, September 199 I )  
d Redtop ) (Millicent Grass Salinity, September 1991) 
e Dahurian Wildrye (Arthur) ) (Millicent Grass Salinity, September 1997) 
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2.3.4 Salinity tolerance of barley 

In 1996, as part of a precision agriculture project (Penney et al, 1996), a portion of an irrigated 
barley field near Bow Island, Alberta, was mapped for soil salinity and yield (Figure 28). The 
reduction in yield for barley due to sFlinity was about 0% at an EC of 4 dSm", 10% at an EC of 6 
dSm-' and 37% at an EC of 8 dSm- . A third degree regression gave an P of 0.52 (Figure 23) on 
salinity versus yield which means 52% of the variation in yield was predicted by salinity. This 
technique using precision agriculture methods gave a similar prediction of loss of yield as was 
obtained by field sampling (Figure 23). 

Figure 28 Salinity and yield maps of barley at Bow Island in 1996. 

On parts of the field where only small areas of saline soils occurred, the correlation between 
salinity and yield was lower than parts with large areas of salinity. This correlation would be 
higher if yields were more closely positioned to the area. It is difficult to closely position the 
source of the yield because the displacement time of a combine which has an average of about 
16 seconds is not uniform. For example, grain picked up at the edge of a 9 m header takes more 
time to reach the hopper than grain picked up at the center of the header. The yield of grain is 
measured 20-30 m from where it was grown. 
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2.3.5 Salinity tolerance of dry beans 

Dry beans were grown in 1997, the same field where barley yield and salinity were mapped in 
1996. Salinity was mapped in detail in 1997 using about a 10m spacing between traverses of the 
ATV and taking EM38 readings every 1/2 second (about one meter) while travelling at about 7 
km/hr. Salinity data was collected in 1997 on May 12 -14, before seeding, and on September 30 
and October 1, after harvest. The correlation between salinity in May and October was close with 
an ? of 0.92 (Figure 29). However, the slope of the regression indicated the salinity 
measurements were 30% higher in October than in May. This is an illustration of how salinity 
changes. Measurements at one point in time are only an approximate estimate of the severity of 
salinity at a later date. 

With beans, many factors influenced yield but the yield was closely correlated to fall salinity with 
an ? of 0.64 where the field had large areas of salinity. The Yield of beans when correlated to fall 
salinity (Figure 30) was reduced by 40% at an EC of 4 dSm- ,75% at an EC of 6 dSm-' and 90% 
at an EC of 8 dSm-'. Results are compared to Maas (1990) who reported a 57% reduction at an 
EC of 4 dS/m and 95% reduction at an EC of 6 dSm-'. Other factors that influenced yield were 
drought on outer areas of the pivot, excess water on low areas which received runoff, and coarse 
textured soils which had low fertility and low amounts of available water. 
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Figure 29 Bow Island Barley 1997: grid node values, fall soil salinity vs spring soil 
salinity (0-120 cm) from EM38 (dSm"), full data set. 
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Bow Island Barley 1997: grid node values, third set of five. Figure 30 

3 Conclusions 

Salinity measurements can be made inexpensively, rapidly and accurately with an EM38 meter. 
These measurements can be positioned with a global positioning system and the data collected 
can be used to prepare detailed salinity maps. These maps indicate the extent and severity of 
salinity or when taken over time the rates of change of salinity. These maps can be used to 
identify low levels of salinity, which may affect yield but are normally not recognized and which 
may not be identified in a composite soil sample. These salinity maps can be used as a basis for 
determining if drainage is needed and if accurate measurements are obtained for elevations they 
can be used in a drainage design. 

Using an EM38 salinity meter, cost-effective field experiments were conducted to determine the 
tolerances of crops to salinity. Salinity measurements combined with yield monitoring using 
global positioning systems provided large scale field measurements of salinity tolerances of 
barley and dry beans. Barley was more sensitive to salinity than determined in controlled 
experiments. Dry beans were more tolerant to salinity than in controlled experiments. 

Data obtained from direct field measurements in Alberta on salinity tolerances of dry beans, 
barley, trees and shrubs and forage and turf grasses provide reliable information for 
management decisions by the agriculture, nursery and landscape industries. Such data can be 
used to aid financial decisions about saline soil reclamation programs such as drainage, or to 
make crop management decisions. 
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