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ABSTRACT 

Common root rot is the most important root disease of cereals in western Canada 

and some reports have shown that chloride (Cl-) fertilization may reduce the severity of 

infection. 

In 1985, strip experiments were laid out at 36 field sites to investigate the effect of 

Cl- fertilization on root rot disease and crop production in Saskatchewan. At 8 sites, KCl 

addition depressed common root rot infection and increased grain yield of one of the crops: 

spring wheat, winter wheat or barley. 

In 1986, replicated field plot experiments were established at six sites, where spring 

wheat and barley were treated with different sources and rates of Cl- containing fertilizers. 

Generally, higher Cl- concentrations in plant tissue were found to be related to lower 

concentrations of plant tissue N03--N, and at one site, to reduced levels of root rot 

infection. Cl- fertililization did not significantly affect grain yield at any of the sites. 

A growth chamber experiment examined the interaction between Cl-. nutrition and 

root rot disease under controlled environmental conditions. Spring wheat, gr~wn on sand 

culture was inoculated with H. sativum fungi. As was the case in field experiments Cl

addition resulted in reduced concentrations of plant N03--N. The inoculated treatments 

which received KCl, NaCl and K2S04 all had lower disease ratings than the corresponding 

check treatment. In a second growth chamber experiment, carried out under sterile 

conditions, initial infection by Fusarium spp. tended to result in higher foot rot disease 

ratings as compared to treatments which were initially inoculated with H. sativum .. In this 

experiment, disease ratings were based on foot rot infection since subcrown internodes 

failed to develop on the experimental plants. 
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1. INTRODUCTION 

In western Canada, common root rot is one of the most widespread and destructive 

diseases of small-grain cereals. Annual losses of grain yield from common root rot 

diseases have been estimated to average 10.3% for barley and 5.7% for wheat 

(Wiese,1977; Mathre,1982). Piening et al.(1976) reported that losses in 1972 were 

estimated at 84 million bushels of barley due to common root rot in the prairie provinces. It 

is difficult to predict an epidemic year of the disease, and no effective methods have been 

devised to control root rot diseases. 

Crop fertilization is one practical way to reduce root rot diseases (Wiese, 1977). 

KCl usage has rapidly increased in modem agriculture and accounts for about 95% of 

potash fertilizer used. The beneficial effects of K+ on plant health were already recognized 

by the end of the nineteenth century (Perrenoud, 1977). In the past, the accompanying Cl

ion was usually considered useless or even as an undesirable component. In recent years, 

however, Cl- has received increasing attention, because it has been shown to depress some 

leaf and root rot diseases (Fixen,1987). 

A growing body of information indicates that Cl- fertilization is one means of 

partially controlling root rot diseases. During the last five years, crop responses to Cl

fertilization have been documented in the field in the Northern Great Plains of North 

America and in other parts of the world. Control of "Take-all" root rot by KCl or other Cl

sources, such as NH4Cl and CaCl2, has been observed in Oregon, Washington, and 

Idaho. Suppression of common (or dry land) root rot by Cl- has occurred in Montana, 

North Dakota, and Alberta (Beaton,1984). In Saskatchewan, it has been suggested that 

yield increases at high soil test K+ levels might be due to the effect of Cl- on suppression of 

cereal root disease (Spratt et al.,1984). 

The mechanism responsible for suppression of root rot by Cl- is not yet known. 

Several possible explanations have been proposed. Most references suggest that Cl-
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reduces root rot by regulating the water potential either in the plant or in the soil. Others 

indicate that the depression can be accounted for by the interaction between Cl- and 

N03--N, as well as the antagonism between causal pathogens and other microorganisms. 

Research is needed to provide information on the mechanism(s) and extent of 

disease control that can be achieved by Cl- fertilization. Since very little information is 

available in Saskatchewan, the primary objectives of this research are therefore: 

1. to evaluate the effect of Cl- fertilization on suppression of common root rot 

disease in Saskatchewan 

2. to assess the relationship between the suppression of common root rot disease and 

the nutrient composition of plant material, as influenced by Cl- fertilization 

3. to assess the relationship between severity of root rot infection and the yield of 

cereal crops in Saskatchewan. 
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2. LITERATURE REVIEW 

2.1. Physiological Response of Plants to Cl· 

Due to its high mobility, solubility and volatility, Cl- is rapidly cycled through the 

upper lithosphere, hydrosphere, atmosphere and biosphere in the biogeochemical system. 

The natural sources of Cl- available to terrestrial plants are mainly the atmosphere and the 

soil. Both deficiencies and excesses of Cl- are a result of natural or man-caused imbalances 

in the cycling of the element through the systems. 

Cl- can be absorbed by the aerial parts of the plant, but the major amount is taken up 

by the plant root system. Soils supply Cl- to plant roots by mass movement of solution. 

Both 'passive' and 'active' uptake mechanisms occur. The accumulation of Cl- in plant 

cells varies with plant variety and species. Within plants, Cl- can be readily transported and 

redistributed. 

Cl- is an essential nutrient for higher plants (Broyer et al.,1954). In order to 

complete their life cycle, most plants may need only traces of Cl-, i.e. a few ppm to meet 

the physiological requirements (von Uexkull,1984). Cl- is absorbed by plants and 

accumulates in plant tissue mainly as the Cl- anion. Besides its known physiological 

function, Cl- is particularly effective in osmotic adjustment, as Cl- ions are taken up rapidly 

and accumulate in large amounts in plants. 

2.1.1. Soil Cl- and its availability to plants 

In the upper lithosphere, Cl- is considered to be a minor constituent. Cl-

containing minerals are easily weathered, and release Cl- into the biogeochemical cycle 

(Figure 2.1) (Goldschmidt,1954). The major mineral source of Cl- at the present time is 

the evaporated deposits of former seas. High-analysis KCl fertilizer is produced from 

minerals such as sylvinite which are formed in these sediments. 
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In the biogeochemical system, Cl- is found largely in the hydrosphere. Cl- is a 

major component of sea water and groundwater (Fortescue, 1980). Through 

aerosols, sea water continuously provides Cl- to the atmosphere. 

Atmospheric Cl- is a major source of plant Cl-. Annual depositions of 10 to 40 kg 

Cl- ha-l through precipitation are common, and the average is in the order of 20 kg Cl- ha-l 

(Eriksson, 1960; Brady,l984). Cl- deposition decreases rapidly with distance from the 

sea, from over 100 kg Cl- ha-l in coastal areas to only 1 to 2 kg Cl- ha-l yrl in the 

continental interiors (Bohnet al.,l979). The exact pattern of the decrease depends upon 

local topography, weather and composition of the rainfall (Harriss and Williams,1969). In 

the Great Plains area of North America, the annual deposition ranges from 0.3 to 1.0 kg Cl

ha-1 (Junge,l963; Goos et al.,l987b). On the Canadian prairies, deposition rates of 3.4 

kg Cl- ha-l have been measured (Harapiak and Flore,l984). 

Surface soil Cl- contents commonly range from 7 to 50 J.Lg/g.- An average Cl

content of surface soil is 10 J.tg/g in humid regions (Brady,l984). Lower contents of soil 

Cl- were found in most medium-textured, upland, well-drained soils (Maianu, 1985). 

The soil a- content is strongly influenced by environmen~ condition~. Variable 

amounts of Cl- are added to soils from the atmosphere, fertilization, crop protection 

programs and irrigation waters. Also, water softeners, industrial brines and dusts, and salt 

used for de-icing roads have contributed significant amounts of Cl- to local areas (Bohn et 

al.,l979). Most of the Cl- in soils is lost by crop removal and leaching. In most cases, the 

long-term gains balance the losses and the supply for plants is nearly always adequate. 

When the rate at which Cl- is supplied is lower than the rate at which it is lost, Cl

deficiency can result. Soils low in Cl- are likely to occur in areas that are far from the sea 

and in areas of heavy rainfall where soil profiles are well-drained (Ozanne, 1958). Fixen et 

al.(l986b) indicated that plants respond to Cl- fertilization on soils which have no recent Cl

addition, have a significant leaching potential, or have a history of forage production which 

removes large amounts of Cl-. 
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Under conditions of restricted leaching or accelerated Cl- supply, excessive 

amounts of the element can accumulate. For instance,severe Cl- toxicity, "leaf scorch", 

developed on soybeans grown on the poorly-drained coastal soils of Georgia. On these 

soils, the ground water tends to remain within one or two meters of the soil surface and 

moisture loss is primarily by evaporation and transpiration, leaving Cl- in the rooting zone 

(Parker et al.,1983;1985). 

Soil properties also influence soil Cl- content Generally, Cl- ions are not tightly 

adsorbed by clays, as a result, they move with the water in the profile. However, Cl

concentrations tend to be higher in soils containing more organic matter (Lag and 

Steinnes,1972; Yuita et al.,1982b). 

2.1.2. Cl- uptake by plants 

Cl- can be taken up by the aerial part of plants (De Connis et -al., 1970). It has been 

suggested that differences in leaf structure of different types of plants affect the capture of 

airborne Cl-. Cl- from the atmosphere is trapped by the hairs, crevices and resinous glands 

of the foliage (Romney et al.,1963). Barley falls in the group of plants whic~ show 

exceptionally high rates of Cl- uptake from the atmosphere (Johnson et al., 1957). Cassidy 

(1968;1971) found that the aerosol particles entered the plant through the stomata. Cl- may 

also be absorbed through mechanical cuts and pest wounds. 

The movement of ions into plant cells can be by 'passive' or 'active' transport 

(Legget,1968; El Damaty et al.,l969; Corduk:es and Parups,l971). In the early stage of 

uptake, a chemical gradient exists across plant cell membranes. Along this gradient, from 

high concentration media, Cl- is moved into the plant cell passively. It has been found that 

the Cl- uptake rate depends primarily on the concentration in the nutrient or soil solution 

(Mengel and Kirkby, 1982). 

Active uptake and the accumulation of Cl- in plants occurs against an 

electrochemical gradient and is dependent on a continuous supply of metabolic energy 
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(Gerson and Poole,1972), which implies that the 'active' process is the dominant one in Cl

uptake. Since living cells are always negatively charged, anion uptake is mainly by 'active' 

transport (Spanswick and Willams,1964). 

Active uptake of Cl- can be explained by the Mitchell chemiosmotic model 

(Mitchell, 1966). In this model, the membrane of the plant cell is considered as an effective 

permeability barrier for solutes. Driven by A TP-ase, protons (H+) are pumped from the 

inside of the membrane to the outside, and a trans-membrane proton gradient is built up. 

· This proton gradient creates an electrical gradient, which moves cations passively into the 

cell. Concomitantly the proton concentration gradient drives a 2H+:cl- symporter which 

transports two H+ for each Cl- (Sanders,1984; Maas,1986). 

The accumulation of Cl- in cell organelles and plant tissue is variable between plant 

varieties and species (Waisel and Eshel,1970). After transport into the plant cell, Cl- can be 

accumulated in the cytoplasm, the chloroplasts and the vacuole (Hess et al.,1975; van 

Steveninck,1976). The cell vacuole might be regarded as a "terminal location" 

(Woolley,1958). 

Within the plant, Cl- is mobile. It is absorbed from solution by roots ~dis rapidly 

moved up to shoots (Broyer,1951). From radioautographs, Woolley (1958) concluded 

that retranslocation was from regions of high CI- concentration to regions of low 

concentration. Both the xylem and the phloem are the suggested pathways of 

transportation. Translocation of Cl- from the foliage to the grain was observed by Buswell 

(1972). 

2.1.3. CI- nutrition of plants 

Most plant species take up Cl- rapidly and in considerable amounts. The 

concentration of Cl- in plants is in the range of 0.2% to 2% of the dry tissue. Tissue from 

plants growing in coastal areas or in saline soils can contain up to 10% CI- (Eaton,1966; 

Tisdale et al.,1985). Data suggest that for spring wheat plants at heading, the critical Cl-
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concentration required to produce near maximum crop yield and quality is about 0.25% 

(Fixen et al,1986b). According to Johnson et al.(1957), the critical CI- concentration at 

which deficiency occurs in non-halophytic plants is about 70-100 J.lg/g on a dry matter 

basis. 

The concentration of Cl- in plant tissue is affected by: CI- content of the soil, plant 

species and variety, plant growth stage, plant part, and environmental conditions 

(Hass,1945; Eaton, 1966; Buswel1,1972; Yuita et al.,1982a; Cram,1983). Measured Cl

contents in different plant parts of cereals at various growth stages are summarized in Table 

2.1. 

It is doubtful whether deficiency of Cl- is widespread in the field, since this element 

is present in the environment in considerable amounts. However, deficiency symptoms of 

Cl- for various plants have been described (Broyer et al.,1954; Johnson et al., 1957; 

Eaton,1966; Gauch,1972). Wilting is a common symptom of Cl- deficiency, and it appears 

that it affects transpiration. Leaf area is also reduced due to a lower rate of cell division 

(Mengel and Kirkby,1982). Without Cl-, leaves develop chlorosis, followed by necrosis, 

and plants like tomato do not set fruit (Gauch,1972). The most distinctive syi?ptom of Cl

deficiency in barley was a general chlorosis of newly emerging leaves (Johnson et 

a1.,1957). Besides being chlorotic, the leaves remained wrapped in tubular form much 

longer than normal barley leaves and were slower growing, smaller, and more fragile than 

leaves of plants that received additional Cl-. 

Whereas small concentrations of Cl- may be beneficial to some plants, excessive 

amounts usually are highly toxic. Cl- toxicity often appears in coastal regions, irrigated 

areas and in greenhouses (Yuita et al.,1982a). Plants that are sensitive to Cl-, are known as 

chlorophobic plants or glycophytes. Most of the tree, berry, and citrus fruits, the majority 

of vegetables, several conifers and ornamental plants are more or less CI- sensitive, 

particularly in the seedling stage. Tobacco and some legumes are also prone to Cl- toxicity 

(Eaton, 1966). 



Table 2.1. Plant tissue Cl- contents of cereal crops. 

Crop Growth Plant Part Growth Stage % Cl in Dry Matter Source 
Medum Lowest Highest 

Barley Sand Stem-leaves Mature - 4.40 Eaton,l966 
Barley Sand Leaves 18 days 2.55 3.62 Eaton,1966 
Barley Solution Grain Mature - 0.31 Greenway et al.,1965 
Barley Solution 1st leaf 15 days - 6.48 Greenway and Thomas, 1965 
Barley - Grain - - 0.12 Meyer et al.,l950 \0 

Barley Field Grain - 0.17 0.18 . Adriano et al., 1973 
Barley Field Hay - 1.60 1.62 Adriano et al., 1973 
Barley Field Culm Boot 0.10 2.00 Goos et al.,l987b 
Barley Field Leaves Boot 0.13 2.30 Timm et al.,l986 
Com Field Leaves Ear 0.20 0.53 Eaton,1966 
Com Field Leaves - 0.97 2.11 Eaton,l966 
Com Field Leaves - 0.59 2.07 Eaton,1966 
Oats - - - - 0.10 Meyer et al.,1950 
Rye - - - - 0.06 Meyer et al.,l950 
Wheat Field Whole plant Heading 0.03 1.13 Fixen et al.,l986a 
Wheat - - - - 0.06 Meyer et al., 1950 
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Symptoms of Cl- excess include necrosis and abscission of leaves and, less 

frequently; chlorosis (Eaton,1966). Excessive Cl- accumulation in tissues near the end of 

the transpiration stream leads to necrosis of leaf tips and margins, and eventual death (Bohn 

et al.,1979). Wheat, oat, and barley growing in soils containing high concentrations of 

N aCl may develop a waxy bloom on the leaf surface and a thickened cuticle (Hass, 1945). 

The size of epidermal cells decreases when injurious Cl- concentrations occur in soils. 

Overall the result of 0- toxicity is to stunt plant growth, delay maturity and reduce yield 

(Younts and Musgrave, 1958; Garvin et al.,1981). 

Plants show marked variations in their tolerances to Cl-. Some high tolerance 

plants can survive in high concentrations of electrolytes in environments which are 

dominated by NaCl. They are recognized as chlorophiles or halophytes, such as sugar 

beet, cabbage, oat, flax, cotton and tomato (Zehler et al.,1981). Young wheat, com and 

barley plant were reported to be highly tolerant to Cl- in sand and water cultures 

(Eaton, 1966). 

All halophytes are able to survive in very high ion concentrations, but they do not 

show any obligate requirements. Such plants are adapted metabolically to fllil:ction at high 

ion concentrations by increasing the enzyme substrate, by exclusion of the salt from the 

photosynthetic cells, and by acclimatization to the growth conditions (Rowers et al.,l977; 

Weber et al.,1977). Some plants, such as grapes, are able to screen out Na+ or Cl· ions 

through their root membranes or above-ground parts so as to prevent toxic accumulations 

in plant tops (Bohnet al.,l979). Nevertheless, some plants respond to high Cl-Ievels by 

retention of Cl- in the roots or stem, to reduce the transportation to the youngest, 

developing part of the shoot (Erdei and Kuiper,1970; Starck and Czajkowska,1981). 

2.1.4. Physiological role of Cl- in the plant 

One of the essential metabolic processes in which Cl- is involved is as a cofactor in 

the evolution of oxygen in photosynthesis (Warburg and Luffgens,1946). It is suggested 
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that binding of Cl- to membranes is necessary to activate the ~-evolving enzyme (Baianu 

et al.,1984). 

Another physiological response to Cl- may be enzyme activation, which is brought 

about by increased acidity of the plant cells due to the Cl-. Cl- is required for optimal 

activity of three plant enzymes: alpha-amylase, asparagine synthetase, and ATPase 

(Maas, 1986). Recent evidence showed that Cl- directly stimulates H+ -pumping A TPase 

activity in microsomal vesicles from oat roots (Churchill and Sze,1984). However, 

excessive acidity changes the acceleration to an inhibition of enzyme activity (Hass,1945). 

Cl- is also known to be beneficial for cell multiplication rates in leaves and for leaf 

development and size (Terry,1977). Some chlorinated organic compounds are known to 

exist in plants (Miller and Flemion,1973), but no essential function was indicated for any 

of them. 

2.1.5. CI- and plant water potential 

Water potential can be used to describe the physico-chemical state of water in the 

soil-plant-water system. It is defined as the difference in free energy per unit yolume 

between a given water sample and pure free water at the same temperature (Hillel, 1982). 

The water potential of a plant ('¥ T) consists of four components: the positive value of 

turgor potential in the cell ('¥ p), the negative values of osmotic potential ('¥ 1t) and matric 

potential, as well as gravitational potential. The water potential of plant organs (leaves, 

stems and even roots) is usually negative and in the range of -1 to -15 bars. In most cases 

the water potential can be considered to consist of the turgor potential and osmotic potential 

so that 

(1) 

Cl- is an active osmotic agent. The ability of Cl- to move rapidly across cell 

membranes and its biochemical inertness are two important properties which make Cl

particularly well suited to serve as a key osmotic solute in plants (Maas,1986). 
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Investigations indicated that a high level of a- will decrease the osmotic potential and 

thereby increase the leaf turgor potential in wheat plants (Christensen et al.,l981). 

Water moves in cells, tissues and whole plants from a higher to a lower water 

potential. When the concentration of solutes (such as Cl-) in a cell is increased, the osmotic 

potential becomes more negative and consequently the water potential of the cell is reduced. 

Water will then flow in to this cell from surrounding cells. 

The opening-closing process of stomata is dependent on change in turgor of the 

guard cells (Mengel and Kirkby,l982). High turgor results in opening and low turgor 

results in closure of the stomata. When the concentration of Cl- in the guard cells is 

increased, the turgor potential of the guard cells is increased and this causes the stomata to 

open (Maas,l986). 

2.1.6. The effect of Cl- on the uptake of plant nutrients 

A mutual antagonism exists between the uptake and accumulation of Cl- and N03-

in plants. High a- supply in the nutrient medium lowers N03·-N uptake and vice versa 

(Mengel and Kirkby,l982). This has been observed for a number of plants i~cluding 

barley, com, wheat, bean, potato, tomato, buckwheat, sugar beet, and perennial rye grass 

(Tisdale et al.,l985). This antagonism has been attributed to competition for carrier sites of 

the ND3--N enzyme carrier system at root smfaces. 

Although the a- and N03- antagonism is well accepted, the effect of CI- on plant N 

uptake is more complicated. Some researchers have found that CI- fertilization did not 

impede plant ND3--N absorption of spinach, as the total N content was not changed 

(Wehrmann and Hahndel,1985). Cl- increased the relative amount of organic N, but 

decreased the N03·-N of plant tissue. When leaves contained a high amount ofN03·-N, 

Cl- increased the activity ofN03·-N reductase, which is vital in the transformation ofNQ3-

N into organic N. 
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As shown by Garvin et al. (1981), a high level of Cl- nutrition resulted in lower 

protein concentration in winter wheat due to the strong competitive relationship between el

and N03--N. Results from in vitro studies also indicated that a high Cl-level in cells 

severely inhibited the protein synthesis (Hall and Flowers,1973; Weber et al.,1977). 

However, Murarka et al. (1973) found that an application of Cl- decreased both total Nand 

N03--N in the tops, but did not affect protein-N. 

The Cl- ion has a depressive effect on the uptake of other anions. Lundegardh 

(1959) showed that KCl significantly decreased tissue concentrations of N03-, S042- and 

P04 3- and increased the Cl- concentration compared with K2S04. Cl- had no consistent 

effect on P uptake of different crops (Corbett and Gausman,1960; Carter and 

Lathwell,1967). A recent study suggested that there may be an optimum Cl- concentration 

for a particular plant species or variety; below this optimum concentration, increased Cl

will increase P uptake (Chisholm and Blair,1981). 

As a counterion, Cl- maintains electrical charge balance for the uptake of essential -

nutrient cations by plants (Maas, 1986). Cl- stimulated K+ and ca2+ uptake and tended to 

narrow the K+;ca2+ ratio (Beaton and Sekhon,1985). However, Garvin et ~.(1981) 

found that the application of KCl or K2S04 failed to increase K content of plant tissue 

compared to the K content of plants grown on unfertilized soil. 

2.1.7. a- and plant health 

Cl- has been observed to depress different diseases in cereal crops. Cl- has been 

observed to reduce the severity of "Take-all" root rot of wheat under a wide range of 

growing conditions (Table 2.2). Stripe rust and leaf and glume blotch diseases were also 

reduced in some situations (Jackson and Christensen,1986). In North Dakota, three cereal 

diseases were reduced by Cl- fertilization: common root rot of barley, spot blotch of barley 

and tan spot of winter wheat (Goos,1987; Fixen et al., 1987b). The proposed mechanisms 

of the effect of Cl- on root rot disease are discussed in Section 2.3.4. 



Table 2.2. 

Crop 

Spring wheat 
Durum 
Barley 
Barley 
Malting barley 
Spring wheat 
Barley 
Spring wheat 
Winter wheat 
Winter wheat 
Winter wheat 
Winter wheat 
Malting barley 
Spring wheat 
Winter wheat 
Spring wheat 
Winter wheat 
Spring barley 
Spring oats 
Barley 
Winter wheat 
Barley 
Com 
Maize 
Com 
Winter wheat 
Winter wheat 
Winter wheat 

Reports of depression of cereal crop diseases by Cl- fertilization. 

Disease 

Common root rot 
Common root rot 
Common root rot 
Common root rot 
·Common root rot 
Dry land root rot 
Dryland root rot 
Take-all root rot 
Take-all root rot 
Take-all root rot 
Take-all root rot 
Take-all root rot 
Take-all root rot 
Foliage diseases 
Halo spot 
Leaf disease, glume blotch 
Leaf disease, glume blotch 
Leaf disease, glume blotch 
Leaf disease, glume blotch 
Net blotch 
Septoria 
Spot blotch 
Stalk pith 
Stalk rot 
Stalk rot 
Stripe rust 
Tan spot 
Yellow rust 

Fertilizer 

KCl, CaCh 
KCl 
KCl, CaCl2 
KCl 
KCl 
KCl 
KCl 
KCl 
KCl, N'I4Cl, CaCh 
KCl, N'I4Cl, NaCl 
N'I4Cl 
N'I4Cl 
KCl 
Cl-
Nlf4Cl 
KCI 
KCl 
KCl 
KCl 
KCl, Nlf4Cl 
KCl · 
KCl 
Cl-
KCl 
KCl 
KCl 
Cl-
NaCl, KCl 

Source 

Goos et al., 1984 
Goos et al., 1984 
Goos et al., 1984 
Harapiak and Flore, 1984 
Timm et al., 1986 
Gerwing et al., 1983 
Garvin et al., 1981 
Petrie and Brown, 1983 
Powelson and Jackson, 1978 
Christensen et al., 1981 
Petrie and Brown, 1983 
Taylor et al., 1983 
Petrie and Brown, 1983 
Fixen et al., 1985 
Koehler et al., 1978 
Beaton, 1984 
Beaton, 1984 
Beaton, 1984 
Beaton, 1984 
Beaton and Sekhon, 1985 
Christensen et al., 1982 
Timm et al., 1986 
Martens and Amy, 1967 
Huber, 1980 
Younts and Musgrave, 1958 
Christensen et al., 1982 
Goos et al., 1987b 
Russell, 1978 

....... 
~ 

I 
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· 2.2. Root Rot Diseases of Cereals 

Root rot diseases are among the most widespread and destructive diseases of small

grain cereals, particularly wheat and barley (Ledingham et al.,1973). Infection of the plant 

root system by the fungi prevents the movement of water and nutrients from the roots to the 

leaves and results in reduced crop yield. The severity of the disease is influenced by soil 

fertility, cropping sequence, the water potential of the soil-plant-microbial system, and 

other environmental conditions. 

2.2.1. Root rot diseases and their characteristics 

The term "root rot" of cereals generally refers to three types of root rot infection: 

common root rot, "Take-all" root rot and Browning (Pythium) root rot (Wiese,l977; 

Mathre,l982). In the dryland Prairie region of western Canada, most cereals crops suffer 

from common root rot, while few suffer from "Take-all". "Take-all" and Browning root 

rot were severe diseases before the 1950's but have been largely eliminated by cultivation 

practices and adequate fertilization. This review is mainly focused on comm~n root rot of 

cereal crops. For comparative reasons, "Take-all" is also briefly discussed. 

Root rot diseases are caused by different pathogens and show different symptoms. 

Generally, the diseased roots show various degrees of brownish discoloration and necrosis 

from small, elongated, light to dark-brown lesions to a complete rotting (Verma,1973). 

This results in a poor root system, and is evidenced in weak spindly plants. 

Common root rot and "Take-all" diseases do not occur at the same location at the 

same time because common root rot is favored by dry, warm conditions and the "Take-all" 

fungi is favored by moist, cool conditions. Both diseases are more severe on infertile 

soils. Some of the characteristics associated with the two diseases are summarized in Table 

2.3. 
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Table 2.3. Characteristics associated with common root rot and "Take-all" root rot. 

COMMON ROOT ROT 

("Spot blotch" or "foot rot" 
of cereals) 

5.7% (1969-71) wheat 1 

10.3% (1971-72) barley 3 

Helminthosporium sativum 
Fusarium spp. 

barley, wheat, weeds, 
cultivated grass, rye 

dry, warm or hot, 
infertile soil, 
scattered over field 

stunted, black nodes, 
stem breakage 

spot blotch 

head blight, smudge 

small dark brown 
lesions on root 

Disease Names 

Yield Loss 
(Prairie area) 

Chief Pathogen(s) 

Host Plants 

Favored Conditions 

Symptoms 

Overall plant 

TAKE-ALL 

("White heads" of cereals 
~d grasses) 

20-30% wheat2 
prior to 1950 

Gaeumannomyces graminis 

wheat, barley, maize, 
pea, wheatgrass 

moist, cool, infertile 
soil, slightly alkaline, 
occurs in patches 

stunted, mildly chlorotic, 
few tillers, premature 

loss of deep green color 

bleached (whitehead), 
sterile 

sparse blackened runner 
hyphae on root 

1. Ledingham et al. (1973); Wiese (1977); Martens et al. (1984); 2. McDonald (1967); 
3. Piening et al. (1976); Mathre (1982). 
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2.2.1.1. "Take-all" root rot 

"Take-all" root rot disease is caused by soil-borne plant pathogens. The most 

susceptible hosts are wheat, barley and wheatgrass. More resistant hosts include pea, 

maize and timothy-grass (Asher and Shipton,1981). In North America, it is primarily a 

disease of winter wheat; spring wheat is attacked only under unusual circumstances. The 

fungi affects all aspects of vegetative growth and shows various symptoms (Table 2.3.). 

Most plants withstand mild infection without visible symptoms of stress, so yield 

losses often go unnoticed. When symptoms become obvious, yields are probably reduced 

by more than 50%. In the prairie provinces, losses of20 or 30% have been observed in 

some fields (McDonald, 1967). The quality of the grain can also be affected in the protein 

content and flour color (Cunningham et al., 1968). 

The fungus responsible for "Take-all" root rot is Gaeumannomyces ~aminis 

(Sacc.) Arx and Olivier, hereafter referred to simply as G.graminis. It is a specialized root

infecting fungus with an efficient, ectotrophic infection-habit (Garrett,1934). 

The life cycle of G .graminis consists of two phases; saprophyte and parasite. This 

fungus can survive as a saprophyte on infected dead plant residues in the so~. Therefore, 

they complete their development on the stubble during the fall and spring. When new 

crops grow, the infection occurs either by penetration of infective hyphae or by germination 

of ascospores in the proximal parts of seminal roots of wheat Hyphae and ascospores are 

infectious, but the former are more important epidemically. 

The favorable soil environment for fungal infection can be summarized as moist, 

cool, slightly alkaline, compacted, and infertile, especially nitrogen and phosphorus 

deficient (Wiese,1977; Garrett,1981). 

2.2.1.2. Common root rot 

Common root rot is the most widespread and destructive root disease of cereals in 

western Canada (Greany,1946). It is estimated that the average loss of wheat yield due to 
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this disease was 5.7% in the prairie provinces from 1969 to 1971 (Martens et al.1984). 

The annual loss of barley was up to 10.3% (Mathre,1982). Piening et al.(1976) estimated 

a loss of 84 million bushels of barley, in 1972, due to common root rot in the prairie 

provinces. Mean annual losses are about 30 million bushels. In 1985, common root rot 

caused higher than normal damage to spring-seeded cereal crops in eastern Saskatchewan 

(Lyster,1985). The reduction in grain yield from the disease is due primarily to 1) a 

reduction in the number of heads (tillers) per plant and 2) to a lesser degree, the number of 

kernels per head, and the weight of the kernels (Ledingham et al.,l973; Verma,1973). 

Causal fungi are ubiquitous, nondiscriminating pathogens which attack most cereals 

and numerous grasses. The fungi are root, seed and head pathogens. Virtually any part of 

a cereal plant is susceptible to attack, including spikes and kernels (head-blight an.d scab), 

stems (foot rot at crown and stem), roots (common root rot), or seedlings (seedling blight). 

As a complex disease, more than one fungi can attack different plant parts, and during 

different growth stages, to produce various symptoms. 

Common root rot is caused mainly by H.sativum and Fusarium spp., although a 

third genus Curyularia is also involved in the common root rot complex (Butler,1961). 

Helminthos_porium sativum (H.sativum ) is the name of the conidial stage of 

Cochliobolus sativus Ito and Kuribay. It affects barley, wheat, rye and a number of weed 

and cultivated grasses and causes spot blotch or foot and root rot of cereals. 

Several fungi of the Fusarium species (Fusarium spp.) are involved in the root rot 

disease of cereals. F.culmorum and F.avenaceae are the most common soil-borne species 

in wheat and cause seedling blight, foot rot, root rot and head blight of cereals. 

F.avenaceae is less virulent and more localized as a root pathogen but is also seed-borne. 

F.graminearum is responsible for seedling blight, and root rot of small grain cereals, and 

also stalk and ear rot of maize (Jones and Clifford,1983). 
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The life cycle of the common root rot pathogen occurs in three stages: 

Soil-borne inoculum consists of mainly conidia of H.sativum and chlamydospores 

of Fusarium spp. Chlamydospores and mycelium can also colonize crop residue and lead 

to infection (Ledingham and Chinn, 1955; Meronuck and Pepper,1968). The conidia and 

chlamydospores persist for months in the tillage layer and tend to remain inactive unless 

hosts are available (Jones and Clifford,1983) .. They are spread throughout the soil by 

cultivation, rain and wind (Verma,1973). 

Primary infections occur on coleoptiles, primary roots and subcrown internodes 

(Wiese, 1977). The infection begins with hyphae from conidia or chlamydospores, and 

may be confined to roots or spread into the crown and from one to three of the internodes 

up the stems (Jones and Clifford,1983). When the mycelia of these fungi infect and 

penetrate the plant roots (seminal, lateral or subcrown internodes), they colonize the 

vascular tissue of the steles. Multiplied hyphae and spores occupy most of the lumen of 

tracheids, preventing the movement of water and nutrients from the roots to the leaves thus 

resulting in reduced crop yield. 

Secondary infection begins when infection by the secondary conidia progresses 

aboveground. When this sporulation occurs sufficiently early in the life of the crop, 

conidia are dispersed by blowing wind or splashing raindrops. They initiate lesions on 

leaves and culms later in the season. 

The fungi persist saprophytically in infected tissues after plant death or colonize the 

straw not already colonized by other fungi. They overwinter in the field on the stubble of 

cereal and grass, on roots and infected seed, and in the soil (Wiese,1977; Jones and 

Clifford, 1983). 

2.2.2. Soil fertility and root rot diseases 

The severity of root rot is influenced by soil fertility. Six plant nutrients (N, P, K, 

S, Mg, and Cl) have been shown to reduce the incidence or severity of "Take-all", while 
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Ca is known to increase disease severity and in some cases K also increases the severity 

(Huber,1981). Generally, as the applied rate ofN increases, the disease severity declines 

(Smiley,1974). However, Huber (1981) found that the severity of diseases increased both 

above and below the optimum required N application rate. Applying nitrogen is likely to 

~ncrease the incidence of F.culmorum root rot (Glynne,1951) and reduce the incidence of 

H.sativum (Simmonds,1960). The chemical form of nitrogen, whether it be Nllt+ or 

N03-, can also have an effect on the severity of infection (Huber, 1981). 

Plants under nutritional stress are subject to attack by root rot fungi (Huber,1981). 

Inadequately nourished plants were particularly prone to common root rot (Wiese,1977), 

and lost more yield than when the plants were infected by G.graminis (Trolldenier,1985). 

Pittman and Horricks (1972) showed that well nourished plants were little affected by 

common root rot, especially if severe infection occurred late in the growth of t}J.e plants. 

Soil fertility must be adequate and balanced to support vigorous root and shoot 

growth. Plants deficient in nutrients produce fewer secondary roots to compensate for the 

damaged ones and thus reduce the plant tolerance to the disease (Garrett,1948). It was 

suggested that the tendenc~ for P to suppress "Take-all'• was due to the incre~ed root 

growth resulting from the application of this element (Bulter,1961). 

Micronutrients also affect root rot diseases. The infection of roots by H. sativum 

was reduced by MnS04, ZnS04, CuS04 and H3B03 (Verma,1973). Under the influence 

of Cu, Zn, and B the fungal hyphae decreased in diameter and the cell walls and plasma 

disintegrated. It has also been demonstrated that nTake-all" root rot is more severe in plants 

deficient in Mg, Zn, Cu, Mn, and Fe (Reis et al., 1982). Recent results showed that Mn 

decreased the severity of root infection by G.graminis (Rovira et al,1985). Other workers 

have found that when KCl is applied to soil, Mn is released from the Mn-bearing minerals 

(KrishnaMurti and Huang, 1987). This release of Mn may have an effect on root rot 

infection. 
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2.2.3. Soil and plant water potential and root rot diseases 

In soil, the principal effect of too much Cl- is to increase the osmotic pressure of 

soil water and thereby lower the availability of water to plants and microorganisms 

(Lagerwerff and Eagle,1961; Maurya and Gupta,l984). 

Both plant cells and microorganisms need water for maintenance of turgor, 

metabolism and other cellular functions, including production of enzymes and secondary 

metabolites (Cook and Baker, 1983). A fluctuating water potential in the soil-plant

microbial system results in fluctuations in the growth rates of microbial inhabitants and in 

the degree of susceptibility of the plant cells to fungal infection. 

The ability of a plant cell to respond to invasion by pathogens is influenced by its 

water potential (Cook and Baker,1983). The water potential of healthy plant organs is 

usually in the range of -1 to -15 bars. When the water potential is at -35 to -40 bars, wheat 

plants are still alive and the growth rate is approximately the same as ·that of plants which 

are not under stress. However, the resistance of the stressed wheat plants to infection by 

Fusarium spp. is reduced to a level similar to that of dead plants (Papendick and 

Cook,1974). 

No matter what part of the plant it is infecting, a pathogen must be in equilibrium 

with the water potential of its environment. As the water potential of the environment 

fluctuates, the rate of hypha! extension and cell division will fluctuate (Cook and Baker, 

1983). Common root rot fungi are favored by dry soil where soil water potentials are less 

than -5 to -10 bars but not less than -75 to -80 bars (Cook and Baker,1983). Moisture, or 

at least high relative humidity, is required for root infection by "Take-all" inoculum, but 

thereafter disease development is highly dependent on warm temperatures and dry 

conditions. 

Adjustment of the water potential using fertilization can reduce the severity of root 

rot disease. This may be due to less survival of the pathogen inoculum or to increased 

activity of the antagonistic microorganism against the pathogen (Cook and Baker, 1983). 
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2.2.4. Crop growth conditions and root rot diseases 

Root rot is influenced by soil properties, environmental conditions and crop 

rotations. As suggested by Griffin (1969), to achieve a better understanding of the effects 

of soil water on the host-pathogen-soil system, one must take into account several 

important physical factors of the soil such as temperature, texture, structure, aeration and a 

complex of physico-chemical factors. 

Common root rot is widespread in the warmer cereal growing regions (Jones and 

Clifford,l983). Drought and warm temperatures are the most important predisposing 

factors (Wiese, 1977). The growth and development of the pathogen is favored by 

temperatures between 15°C and 25°C (Cook and Baker,1983). 

Crop rotation should be adapted to limit alternative hosts and pathogen populations 

(Wiese,1977). Due to the more specialized nature and the weaker competitive saprophytic 

ability of some of the root rot fungi, crop rotation can more effectively control "Take-all" 

and H.sativum than F.culmorum root rot (Verma, 1973). The practical significance of 

crop rotations in reducing losses from common root rot has been indicated in several papers 

(in Verma,1973). Less damage from common root rot resulted after summer:(allow 

(Broadfoot,1933) or after rotations of clover, pea, maize or potato, than after continuous 

cropping of cereals (Verma, 1973). 

Susceptibility of plants varies with varieties and genera of inoculum. Oats and 

other small grains are alternative hosts and should not preceed wheat in rotations 

(Wiese,1977). Oats are susceptible to F.culmorum, although they are resistant to 

G.graminis andH.sativum (Timonin,1940). Generally durum wheat and winter wheat 

appear more susceptible to common root rot than hard red spring types (Wiese, 1977). 

No correlation between disease severity of common root rot and soil characteristics 

have been reported. In the prairie provinces, barley yield losses due to common root rot 

were lower in the Brown soil zone than in the Black or Gray zones (Piening et al.,1976). 

For spring wheat in Saskatchewan, relatively higher incidences of common root rot and 
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higher yield losses have been observed in the Brown soils than in Thick Black soils 

(Sallans and Tinline,l968; Ledingham et al.,l973). 

2.3. CI· Fertilization and Root Rot Depression 

To date, no effective methods have been devised to control the fungi that cause root 

rot infection. In practice, treatment of seeds with certain fungicides, shallow seeding and 

crop rotations can be used to reduce the infection rate. Fertilization can also reduce root rot 

diseases, and currently, more attention is being focused on the use of Cl- as a means of 

reducing root rot infection. 

The interaction between Cl- fertilization and root rot diseases of cereals is being 

investigated at several locations in northwestern United States, western Canada, West 

Germany and England It has been found that fertilization with Cl- can result in reduced 

root rot infection and increased crop yield (Fixen, 1987). The mechariism responsible for 

reduced infection is still not known, but several possible explanations have been proposed, 

and are discussed in Section 2.3.4. 

2.3.1. Soil Cl- content and Cl--containing fertilizers 

A critical soil test level of 60 kg Cl- ha-l to 60 em depth has been suggested as a 

guideline for Cl- fertilization (Fixen, 1987; Goos et al.,1987b). Soils containing >60 kg Cl

ha-1 in the top 60 em of soil are unlikely to respond to Cl- fertilization. 

Table 2.4lists some of the Cl--containing compounds that can be used as fertilizer 

materials. The most common Cl--containing fertilizer is muriate of potash (KCI). Also 

several other CI--containing fertilizers are available for crop production. Since CaCI2 and 

MgCI2 are hygroscopic, they are best used in solution (Goos,l987). 
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Table 2.4. Some Cl- -containing compounds and their Cl- contents. 

Fertilizer 

Potassium chloride 
Ammonium chloride 
Calcium chloride 
Sodium chloride 
Magnesium chloride 

KCl 
N14Cl 
Ca02 
NaCl 
MgQ2 

2.3.2. Increase of crop yield by CI- fertilization 

Cl- content(%) 

47 
66 
65 
60 
74 

Cl- fertilization can play a positive role in producing maximum yields of winter 

wheat, spring wheat, and barley due to the suppression of "Take-all" and common root rot 

disease (Christensen et al.,1981;1982; Taylor et al.,l983; Petrie and Brown,1983; Fixen, 

1987; Goos,1987): 

Garvin et al.(1981) have shown that barley fertilized with KCl produced higher 

yields than when K2S04 was applied. Results reported by Christensen et al.(1982) 

indicated that spring top-dressing of Cl- increased grain yields significantly. In North 

Dakota, only barley showed a consistent positive response to Cl- fertilization (Zubriski et 

a1.,1970; Goos,l986). This positive response to KCl was assumed to be due to the CI- in 

the fertilizer, since the responsive soils tested very high in ammonium acetate extractable K 

(Christensen et al.1981; Gerwing et al.,l983; Timm et al.,l986; Fixen et al.,1986a). 

2.3.3. Reduction of root rot disease by Cl-

Experimental results have indicated that applying Cl- can depress root rot . Both 

"Take-all" of wheat and common root rot of barley were found to decline when Cl- was 

applied. In Oregon, fall application of NH4Cl on winter wheat reduced the severity of 

"Take-all" root rot symptoms. Root rot infection was more severe where (NH4)2S04 was 

applied than when Nl4Cl was added (Powelson and Jackson,1978; Christensen et 

al.,l981). In south-central Montana, the severity of dry land root rot of barley was 
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decreased by the application ofKCl but not by K2S04 (Garvin et al.,1981). Results from 

North Dakota also indicate that the severity of common root rot in barley was significantly 

reduced by Cl- fertilization (Goos,1986). 

2.3.4. Possible mechanisms of the effect of Cl-

Several mechanisms have been proposed to explain the effect of Cl- on root rot 

diseases. The major mechanism mentioned by most authors is the effect of Cl- on water 

potential in the plants and in the soils. The Cl- ions affect plant water potential through 

osmoregulation. As discuss~ in Section 2.1.5., an accumulation of Cl- in plant tissue will 

reduce the plant water potential, therefore increasing the plant resistance to the fungal 

infection. 

When the water potential of the soil was reduced from approximately -8 to -10 bars 

to -45 to -50 bars, hyphal growth of F.culmorum was reduced by half (Cook et al.,1972). 

Similarly, the growth of G.graminis in nutrient culture was reduced by one half when the 

water potential was lowered from -1.5 bars to -20 bars. It has also been found that hypha! 

growth of Fusarium spp. decreased as the water potential was raised from -1.5 bars up to -

1.5 bars (Cook and Duniway,1981). In short, as suggested by Christensen et al.(1981), 

Cl- alters the water potential in the host plant and reduces the ability of the disease 

organisms to infect and colonize the roots. 

The effect of CI- addition on N03·-N can be explained by two related hypotheses. 

The frrst one is the inhibition of nitrification by Cl- (Powelson and Jackson,1978). By 

inhibiting nitrification, CI--containing fertilizers can influence the form of N taken up by 

plants i.e. more NH4-N and less N03·-N. Reduction of the attack by G. graminis on the 

root system of winter wheat is apparently related to restricted uptake ofN03·-N and to a 

less favorable rhizosphere pH for activity of the pathogen (Taylor et al., 1983). Another 

hypothesis is that due to competition, Cl- reduces the uptake ofN03·-N by the plant, 
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therefore the physiological processes are altered in some way which affect the development 

of the plant and the infection by the pathogenic fungi (Goos,l987). 

The activity of microbial cells in the nitrification process was inhibited by Cl- and 

by decreasing soil solution osmotic potential (Powelson and Jackson,l978; Roseberg et 

al.,l986). Consequentially the disappearance ofNJ4+-N and appearance ofN03--N 

slowed down (Golden et al.,l981; Christensen and Brett,l985). As a result of more 

NH4 +-N being taken up by plant roots, the rhizosphere becomes more acidic, favoring the 

part of the micro flora of the root zone which are antagonistic to the "Take-all" fungi 

(Shipton et al.,l973). More NH4+-N and less N03--N in plant cells may cause 

physiological changes in the host that strengthen its resistance to disease (Huber and 

Watson,1974; Christensen et al.,1981). 

Since a- is an essential plant nutrient, a shortage of Cl- will weaken plant resistance 

to disease (Goos,l987). Higher Cl- concentrations in plant tissue may reduce the 

formation of substances such as malate and as a result the growth of pathogenic fungi may 

be reduced. 

Balanced nutrition is important to build up the disease resistance of p~ants. As a 

counterion, Cl- plays a very important role in balancing uptake of plant nutrients. In the 

case of an oversupply of N, soluble amino acids accumulate in the cells and thus increase 

the susceptibility of the plant to various diseases. High Cl- levels can balance the uptake of 

N, P, K and other nutrients (Kemmler,1983). 

Mechanical resistance of plant tissue against penetration by the parasites increases 

through the intensified production of cell wall materials, such as cellulose. Cl- may 

stimulate calcium uptake and this result in greater production of cell wall materials 

(Trolldenier, 1969). 
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3. MATERIALS AND METHODS 

3.1. Field Experiments 

Since little information is available in Saskatchewan on the effect of Cl- on root rot 

disease, a research project was initiated to evaluate the benefit of Cl- fertilization in the 

suppression of common root rot disease. Field strip investigations and small plot 

experiments were carried out in 1985 and 1986. The emphasis of the research was placed 

upon the effect of Cl- on common root rot of cereals. 

3.1.1. Field strip investigations 

In the spring of 1985, fertilizers containing KCl were applied on 36 fields in 

conjunction with the Innovative Acres program. These preliminary experiments were set 

out to evaluate the effect of Cl- fertilization on common root rot disease and yield of cereal 

crops, and to provide data on the relationship between Cl- levels in plant tissue and root rot 

infection. The fields exhibited a variety of soil and climatic conditions, and were seeded to 

various crops. Table 3.1 provides a summary of the crops grown in each soi~ zone. 

Table 3.1. 

CROP 

Spring Wheat 
Winter Wheat 
Durum 
Barley 

TOTAL 

Summary of crops grown in each soil zone for the 1985 field strip 
experiments. 

SOIL ZONE 

Brown Dark Brown Black Grey 

8 
2 
3 

13 

4 
2 

1 

7 

5 
1 

4 

10 

1 
1 

4 

6 

TOTAL 

18 
6 
3 
9 

36 
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The same two treatments were compared at each of the 36 field sites. One treatment 

was fertilized with nitrogen and phosphorus while the other treatment received KCl in 

addition to N and P. The fertilizer applications for N and P were based on soil test 

recommendations. KCI was broadcasted on winter wheat using 0-0-60 at 300 kg/ha and 

seed-placed on the other crops using 8-24-24 at 100 kg/ha. Each strip was approximately 9 

meters wide and 400 meters long. Both of the fertilized strips were managed in the same 

way as the surrounding field. 

3.1.2. Field plot experiments 

Based on the information obtained from the 1985 field investigations, a small plot 

experiment was established to allow for more detailed study in 1986. The primary 

objective of this experiment was to study the effect of Cl- on common root rot of cereals 

using various sources of Cl-. The experiment was designed to also show relationships 

between the level of soil Cl- and Cl- uptake by plants,andt1leeffects of Cl- on plant N03-

N content and infection by common root rot. 

Six sites were selected for the small plot experiment. Two sites were placed in each 

of the Dark Brown, Black and Grey soil zones. Site locations and soil properties are 

summarized in Appendix A. 

The experimental design consisted of three factors and three levels, resulting in a 

total of nine treatments (Table 3.2). Each treatment was replicated four times. The 36 

plots were laid out in a randomized complete block design. There was a zero level of 

application for each factor, thus there were three check treatments. The averages of the 

check treatments were used as checks in the mean comparisons. The values of least 

significant difference (LSD) were calculated using the unequal sample size method. 

Orthogonal contrasts were also constructed for the trend coefficients. 
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Table 3.2. Treatments used in field plot experiments in 1986. 

Treatment Chloride Potassium Sulfur 
(kg/ha) (kg/ha) (kglha) 

KCl-(0) 0 0 0 
KCl-(1) 50 63 0 
KCl-(2) 100 126 0 
NaCl-(0) 0 0 0 
NaCl-(1) 50 0 0 
NaCl-(2) 100 0 0 
K2S04-(0) 0 0 0 
K2S04-(1) 0 63 21 
K2S04-(2) 0 126 42 

Fertilizers used in the experiment were: potassium chloride (KCl), sodium chloride 

(NaCl) and potassium sulphate (K2S04). The treatments were applied to four fields of 

spring wheat and two fields of barley. The various treatments were broadcasted and raked 

into the surface on fields which had just previously been seeded by the farmer. 

3.1.3. Observations and measurements 

3.1.3.1. Field sampling 

To determine the effects of the various Cl- treatments on root rot and plant nutrient 

uptake, samples were taken for tissue analysis and for assessing root rot infection. 

In 1985, plant samples were taken at the boot stage (Zadoks 40-49). The plants 

were sampled randomly for comparisons among treatments and among upper, mid and 

lower slope positions. The Zadoks scale is shown in Appendix B. 

In 1986, random plant samples from each treatment were taken from the small plots 

at three different growth stages: Zadoks scale 15-25, 40-49 and 85-95. 

Each sample consisted of 20 plants, which were dug out carefully and the roots 

shaken of excess soil. The plant shoots and root systems were cut apart and stored in 
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separate paper bags. The plant tops were oven-dried at 60°C for 24 hours in preparation 

for tissue analysis. The root samples were taken to the laboratory and rated for disease 

severity. 

3.1.3.2. Root rot and disease rating 

The root samples from the field were carefully washed free of soil. The subcrown 

internodes were cut at the root base and separated from the seminal roots. Each internode 

was examined carefully for root rot infection and a score was assigned based on four 

categories which describe the development of brown and dark brown lesions (Ledingham 

et al., 1973). The severity of the root rot lesions was scored by colleagues who did not 

know the treatment of the sample being observed. The disease rating for each treatment 

was expressed as a percentage (%DR), and was calc.ulated as shown in Appendix C. 

3.1.3.3. Infection caused by different fungi 

Since common root rot is caused by both H.sativum and Fusarium spp., plant 

~ubcrown internodes were cultured on Minimal Agar Medium (composition f<?rmula 

provided by Agriculture Canada Research Station, Saskatoon) to estimate the percentage of 

infection resulting from each pathogen. 

Subcrown internodes obtained from the various treatments were washed in running 

water for one hour, then surface disinfected by soaking in 10% Javex (6% sodium hypo

chlorite) for one minute. The J avex residue was washed off with sterilized, distilled water. 

Using sterilized forceps, four to six cleaned subcrown internodes were cultured on 

Minimal Agar Medium plates. The plates were put into a plastic bag and incubated at 20°C 

for one week. 

Following incubation, red and black colonies developed around the plated 

internodes. The red colonies were Fusarium spp. and the black colonies were H.sativum. 
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The colonies were counted, and the percentages of infection by each fungus calculated as 

described in Appenidix C. Generally, one or both fungi grew from a single subcrown 

internode, therefore the cumulative percentages of internodal infection sometimes exceeded 

one hundred percent 

3.1.3.4. Plant tissue analysis 

The plant tissue was analyzed for water-extractable K+, Cl-, and N03--N. All plant 

tissue analyses were carried out by the Saskatchewan Soil Testing Laboratory. 

The tissue samples were ground with a Wiley mill and passed through a 1 mm 

screen. The samples were extracted with deionized water at a 1:100 tissue:water ratio. The 

extracts were shaken for 30 minutes and passed through Whatman #42 filter paper. The 

filtrates were collected for elemental analysis. 

K determination was performed by Flame Emission Spectroscopy. The 

concentration of K in the plant tissue was expressed as water-extractable K (%K) instead of 

as total K. There is, however, good agreement between water-extractable K and total K, as 

shown in Appendix D. 

Concentrations of Cl- and N03--N were determined using a colorimetric procedure 

on the AutoAnalyzer (details are included in "Technicon Autoanalyzer IT", Industrial 

Methods Nos. 99-70W and 100-70W, respectively). 

3.1.3.5. Grain yield and grain protein content 

The crops were harvested as "square meter samples" at the end of the growing 

season. In 1985, ten square meter samples were taken from each strip. In 1986, two 

separate square meter samples were taken from each of the 36 plots at each site. Total 

biomass, grain weight, straw weight, and grain protein content were measured from each 

square meter sample. 
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3.2. Growth Chamber Studies 

Root rot diseases in the field are influenced by several factors such as the 

population of inoculum, the micro-environment and the health of the plants. In addition, 

spatial variability of soil fertility and other growth factors interact with the treatments 

applied in field experiments. To remove some of the effects of these interactions, growth 

chamber studies were conducted to allow for closer observation of the effect of Cl- on root 

rot infection of cereals. 

3.2.1. The effect of Cl- on root infection of spring wheat by H. sativum 

The primary objectives of this experiment were to evaluate the effect of Cl- · 

fertilization on root rot infection under controlled environmental conditions, and to 

determine the relationship between Cl- fertilization and the level ofN03--N in plant tissue. 

Spring wheat was grown in sand culture using a modified Arnon and Hoagland 

Nutrient Solution (Appendix E). Eight treatments were used: Check, KCI, NaCl, K2S04 

(with and without H.sativum inoculation). The treatments were replicated fi~e times, and 

compared using a randomized complete block design. KCl and NaCl were applied at a rate 

of 50 Jlg Cl-Jml, and K2S04 was applied at a rate of 55 Jlg K+fml in order to equalize the 

level ofK+ applied to the KCl treatment K+ was applied to the K2S04 treatments at a rate 

of 110 Jlg/ml K, in order to equalize the level of K+ applied to the KCl treatment. 

Standard, six-inch plastic pots were filled with 2 kg of washed Ottawa sand, and 

sixteen wheat seeds (var.Neepawa) were seeded into each pot. Seeds were set on the top 

of the sand and covered with a 5 em layer of sterilized vermiculite. The various nutrient 

solutions were re-circulated throughout the sand using a Technicon proportioning pump. 

Twenty-two days after seeding, a suspension of H.sativum spores was injected 

around the plant roots in the pots receiving the inoculation treatments. The inoculum was 
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originally isolated from root samples obtained in the 1985 field experiments. The inoculum 

population used in this experiment was approximately 500 spores per gram of growth 

medium. The growth conditions used in this 35 day experiment are shown in Table 3.3. 

Table 3.3. Growth conditions for the pot experiments. 

Daytime 
Nighttime 

Light 

16 hrs. 

Temperature 

1-15 days 15-35 days 

Humidity 

40% 
40% 

During the experiment, seed ge~ation rates were recorded and plant heights were 

measured. Mter 15 days of growth all the treatments were thinned to 8 plants per pot. At 

the end of the experiment, the fresh weights of plant shoots and roots were determined. 

The root rot disease ratings were measured by the same procedure as described in Section 

3.1.3.2. The aboveground plant tissue was dried at 60 °C and then analyzed by the 

Saskatchewan Soil Testing Laboratory for water-extractable K+, Cl-, and N03--N using 

the procedures described in Section 3.1.3.4. 

3.2.2. The effect of Cl- on multiple infection 

The primary objective of this experiment was to study the effect of Cl- on the 

multiple infections of H.sativum and Fusarium spp. on spring wheat under controlled 

environmental conditions. As suggested by Tinline (1977), colonization of the subcrown 

internodes by Fusarium spp.may limit the infection by H.sativum . 

In this experiment, there were seven treatments, and all were supplied with a 

modified Arnon and Hoagland Nutrient Solution. Six treatments received additional Cl- at 

the rate of 50 JJ.g/ml Cl- added to the nutrient solution. Twenty-seven days after seeding, 
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five of the treatments were inoculated with spores of H.sativum and/or Fusarium spp. A 

second inoculation of spores was applied to two of the treatments three days later. The 

various treatments, replicated five times, and compared using a randomized complete block 

design, are summarized in Table 3.4. 

Table 3.4. Treatments used in the second pot experiment. 

a- treatment Inoculation 
at 27 days at 30 days 

(1) Check 

(2) KCI (50 ~g CI-/ml) 

(3) KCI (50 ~g CI-/ml) Fusarium spp. 

(4) KCl (50 ~g CI-/ml) H.sativum 
(5) KCI (50 ~g CI-/ml) Fusarium spp. 

&H.sativum 
(6) KCI (50 ~g CI-/ml) Fusarium spp. H.sativum 

(7) KCI (50 ~g CI-/ml) H.sativum Fusarium spp. 

In this experiment, Ottawa sand was washed and then sterilized. Selected spring 

wheat seeds (var. Neepawa) were surface disinfected by means of soaking in 10% Javex 

solution for five minutes and cleaned with sterilized distilled water. Twelve treated seeds 

were seeded into the pots and covered with 5 em of sterilized sand. The Fusarium spp. 

and H.sativum inoculum was originally isolated from samples infected with root rot from 

the 1985 field experiments. The inoculum populations used in this experiment were 

approximately 650 H.sativum spores and 1500 Fusarium spp. spores per gram of growth 

medium respectively. Growth conditions and other experimental factors were the same as 

those used in the frrst growth chamber experiment described in Section 3.2.1. 

The experiment was terminated after forty-five days. At this time, fresh and dried 

weights of plant shoots and roots were recorded. There was no subcrown internode 
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development by the plants in this experiment, but the incidence of foot rot infection was 

evaluated using the same scale as described in Section 3.3.1.2. Foot rot is one of the 

symptoms of common root rot disease in cereals. Both foot rot and common root rot are 

caused by the same pathogens. The plant shoots were dried at 60°C, and were 

subsequently analyzed by the Saskatchewan Soil Testing Laboratory for water-extractable 

K+, Cl-, and N03--N. 
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4. RESULTS AND DISCUSSION 

4.1. Field Experiments 

4.1.1. Field strip experiments 

In 1985, 36 field experiments were conducted using strip trials to compare growth 

responses between one treatment which received adequate levels of N and P fertilization 

(Sask. Soil Test Lab. recommendations) to a treatment which received KCl in addition to 

the same rates of N and P. The variables measured in these experiments were: 1) plant 

tissue concentrations ofK+, N03·-N, and Cl-, at the boot stage, 2) root rot disease rating 

and percentage of infection by H.sativum and Fusarium spp. at the boot stage and 3) 

grain yield. All of the above measurements were carried out on plant samples taken from 

the upper, middle and lower slope positions. Statistical comparisons were only conducted 

on grain yields, using a paired "t" test. 

The growth season in 1985 was severely affected by drought and grass hopper 

(Melanoplus Spp.) infestations which persisted in southern Saskatchewan. The adverse 

conditions tended to mask the measurements taken to evaluate root rot infecti~n, and some 

of the sites had no yield data. 

Analysis of the data indicated that there was very little difference among the 

measurements taken from upper, middle and lower slope positions. Therefore, the 

slope data for each parameter were combined to provide a mean value for each site 

(Appendix F.). The mean of the check and the 'Cl added' treatment, for spring wheat, 

winter wheat, durum and barley are presented in Table 4.1. 

The addition of KCl on these 36 field trials had very little effect on the mean K 

concentration of the plant tissues. For the most part, the soils had adequate levels of 

exchangeable K and therefore plant response to applied K would be expected to be 

negligible. 



Table 4.1. Effect of cl- on the means of plant tissue analysis, root rot disease rating, root infection and grain yield on spring wheat, winter wheat, 
durum and barley field strip trials (1985). 

Crop Treatment 

Spring Wheat Average of: 
Check 
19 kg Cl/ha 

Winter Wheat Average of: 
Check 
140 kg Cl/ha 

Durum Average of: 
Check 
19 kg Cl/ha 

Barley Average of: 
Check 
19 kg Cl/ha 

§ Seed placed 
§§Broadcast 
( ) indicates the number of sites. 

(18) 

§ 

(6) 

§§ 

(3) 

§ 

(9) 

§ 

Tissue Analysis 

N0.1 • N 
(%) 

0.083 
0.056 

0.074 
0.037 

0.074 
0.064 

0.203 
0.220 

K+ 
(%) 

2.08 
2.09 

2.13 
2.07 

1.97 
2.03 

2.44 
2.50 

cl
(%) 

0.49 
0.62 

0.48 
0.95 

0.62 
0.69 

0.60 
0.85 

Root Rot 

(%DR) 

16.9 
14.5 

5.0 
6.2 

14.5 
7.2 

15.5 
16.9 

Root Infection 

H. sativum 
(%) 

53.6 
48.4 

43.1 
47.2 

46.0 
40.2 

44.9 
46.5 

Fusarium spp. 
(%) 

33.9 
36.9 

58.4 
49.0 

48.2 
50.6 

40.5 
43.6 

Grain 
Yield 

(kg/ha) 

2052 
2244 

2103 
2445 

1125 
1107 

3449 
3577 

w 
........ 



- 38 -

The average data presented on a crop basis (Table 4.1) indicated various trends in 

the effects of KCl fertilization on tissue nutrient concentrations, root rot infection and grain 

yield. At 25 out of 36 sites, tissue NOJ--N concentrations of all crops, except barley, 

tended to be reduced by Cl- fertilization. The largest average decreases in plant tissue N03-

-N concentrations were observed for winter and spring wheat (Table 4.1 ). 

As expected at most of the sites (30 out of 36), concentrations of Cl- in plant tissue 

were increased by Cl- application (Appendix F.). The largest average increase was 

observed for winter wheat where approximately 300 kglha of 0-0-60 (140 kg Cl-jha) was 

broadcasted. The increase of plant tissue Cl- and the decrease of plant tissue N03·-N in 

winter wheat seems to agree with documented evidence that elevated a- concentrations in 

tissue lead to reduced levels ofN03·-N, (Goos et al., 1987a). 

A reduction in root rot disease was found mainly on spring wheat and durum (Table 

4.1 and Appendix F). However, Cl- fertilization appeared to increase the disease ratings 

for winter wheat and barley at n10st of the sites. . 

Root rot disease is caused by infection of both H. sativum and Fusarium spp. On 

spring wheat, Cl- application generally resulted in reduced infection by H. sa,tivum (13 out 

of the 18 trials), but greater infection by Fusarium spp. (14 out of the 18 trials), 

(Appendix F). It appears that for this crop, a- may favor infection by Fusarium spp. 

which in turn restricts subsequent infection by H. sativum.. This hypothesis is further 

investigated in Sections 4.1.2. and 4.2.1. On the other crops, there were no definite trends 

in infection by the two fungi. 

On eight of the 36 sites, statistically significant increases in grain yield occurred due 

to KCl fertilization. These included five spring wheat, two winter wheat and one barley 

site. At one site a significant yield decrease occurred on wheat (Appendix F). Higher 

average yields occurred on the KCl treated strips for all crops but durum (Table 4.1). 

The results of the field strip investigations indicated that KCl fertilization increased 

the Cl- concentration of plant tissue and decreased the N03·-N concentrations. Cl-
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fertilization tended to lower disease rating which in some instances resulted in higher grain 

yields. These factors are further investigated in Section 4.1.2 and 4.2.1. 

4.1.2. Field plot experiments 

In these replicated plot experiments, conducted in 1986, the variables measured 

were: 1) plant tissue concentrations ofK+, N03--N and Cl- at the tillering and boot 

stages, 2) the root rot disease rating and percent of root infection by H. sativum and 

Fusarium spp. at the tillering, boot, and ripening stages and-3) weights of grain and straw 

and grain protein content 

4.1.2.1. Plant nutrient concentrations 

J Plant tissue samples from the six sites were analyzed for concentration of K+, 

N03--N and Cl- at the tillering and boot stages of growth. An analysis of variance was 

conducted on these data. Two sites showed significant differences in plant tissue K+ 

concentrations (Table 4.2). The uptake ofK+ by barley was significantly affected by K+ 

fertilization at Medstead and Porcupine Plain. At these sites concentrations o~ plant 

available K+ were relatively low. At the Marcelin, Medstead and Porcupine Plain sites, the 

orthogonal contrasts (Table 4.2.) indicated significantly higher tissue K concentrations for 

the fertilized treatments over the check treatmemt. These three sites have lower levels of 

plant available K + than the other three locations. 

No significant differences were found among plant tissue N03--N concentrations 

of the different treatments at all six sites (Table 4.3). At Medstead the fertilized treatments 

had significantly lower N03--N concentrations than the check treatment. At the 

Kindersley site, significantly lower plant N03--N concentrations occurred as a result of 

increasing the rate of applied Cl- from 50 to 100 kg/ha 

Plant Cl- uptake was stimulated by Cl- fertilization (Table 4.4). In the treatments 

receiving Cl-, tissue concentrations were significantly higher than in the treatments without 
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Table 4.2. The effect of treatment on plant tissue K+ concentrations(%) at tillering 
and boot growth stages for the six field sites (1986). 

Location 

Treatment 

Check 
KCl-1 
KCl-2 
NaCl-1 
NaCl-2 
K2S04-1 
K2S04-2 

LSD 

Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat --------------~- ------- Barley -------

---------------------------------- 1Lillering -------------------------------

1.25 1.76 2.08 1.77 2.18 1.58 
1.15 1.78 2.12 1.81 2.41 1.67 
1.27 1.80 2.17 1.71 2.31 1.71 
1.24 1.83 2.17 1.74 2.22 1.61 
1.21 1.76 2.19 1.78 2.31 1.56 
1.22 1.78 2.15 1.76 1.98 1.62 
1.30 1.68 2.15 1.81 2.33 1.70 

NS NS NS NS NS 0.13* 

Orthogonal Contrasts 
Check vs Others NS NS * NS * * 
KCI-1 vs KCI-2 NS NS NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS NS NS NS NS 
K2S04-1 vs K2S04-2 NS t NS NS NS NS 
KCI VSK2S04 NS NS NS NS NS NS 

Treatment ---------------------------------- 13oot ---------------------------------

Check 0.96 0.88 1.16 1.26 0.92 
KCl-1 1.01 0.92 1.12 1.42 0.93 
KCI-2 0.95 0.92 1.12 1.44 1.00 
NaCl-1 0.97 0.93 1.16 1.35 0.90 
NaCl-2 1.00 0.94 1.16 1.36 0.96 
K2S04-1 0.99 0.93 1.18 1.37 0.94 
K2S04-2 0.95 0.93 1.15 1.40 0.97 

LSD NS NS NS 0.19* 0.06* 

Orthogonal Contrasts 
Check vs Others NS * NS ** * 
KCI-1 vs KCI-2 NS NS NS NS ** 
NaCl-1 vs NaCl-2 NS NS NS NS * 
K2S04-1 vs K2S04-2 NS NS NS NS NS 
KCI VSK2S04 NS NS NS NS t 

** * t ' ' significant at 1%, 5% and 10% confidence intervals, respectively 
NS non significant 
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Table 4.3. The effect of treatment on plant tissue N03--N concentrations(%) at tillering 
and boot growth stages for the six field sites (1986). 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
KzS04-1 
KzS04-2 

LSD 

Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat ---------------- ------- Barley -------

---------------------------------- 1rillerillg -------------------------------

0.063 0.013 0.066 0.023 0.302 0.019 
0.036 0.027 0.047 0.016 0.176 0.020 
0.050 0.008 0.058 0.011 0.255 0.021 
0.043 0.017 0.036 0.012 0.221 0.014 
0.043 0.011 0.034 0.016 0.242 0.018 
0.044 0.017 0.065 0.013 0.176 0.017 
0.065 0.015 0.059 0.024 0.214 0.019 

NS NS NS NS NS NS 

Orthogonal Contrasts 
Check vs Others NS NS NS NS * NS 
KCI-1 vs KCI-2 NS * NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS NS Ns· NS NS 
K2S04-1 vs K2S04-2 NS NS NS NS NS NS 
KCl VSK2S04 NS NS NS NS NS NS 

Treatment ---------------------------------- 13oot ---------------------------------

Check 0.001 0.002 0.002 0.035 0.001 
KCI-1 0.003 0.003 0.001 0.012 0.001 
KCI-2 0.002 0.002 0.002 0.014 0.001 
NaCI-1 0.001 0.002 0.003 0.021 0.000 
NaCI-2 0.001 0.001 0.001 0.024 0.001 
KzS04-1 0.003 0.002 0.003 0.033 0.000 
KzS04-2 0.003 0.001 0.001 0.044 0.001 

LSD NS NS NS NS NS 

Orthogonal Contrasts 
Check vs Others NS NS NS NS NS 
KCI-1 vs KCl-2 NS NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS NS NS NS 
K2S04-1 vs K2S04-2 NS NS NS NS NS 
KCI VSK2S04 NS NS NS NS NS 

** * t ' ' significant at 1%, 5% and 10% confidence intervals, respectively 
NS non significant 
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Table 4.4. The effect of treatment on plant tissue Cl- concentrations(%) at tillering 
and boot growth stages for the six field sites (1986). 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 

Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

------~-------- Spring Wheat ---------------- ------- Barley -------

---------------------------------- 1Lillering -------------------------------

0.52 0.91 0.41 1.49 0.57 1.69 
0.77 1.07 1.-19 3.47 1.55 2.54 
0.81 1.20 1.28 3.00 1.53 2.33 
0.75 1.07 1.23 2.87 1.38 2.01 
0.80 1.15 1.36 3.10 1.49 2.17 
0.55 0.93 0.46 1.43 0.64 1.68 
0.63 0.88 0.46 1.56 0.74 2.07 

0.21 * 0.21 * 0.61 * 1.32* 0.62* 0.71* 

Orthogonal Contrasts 
Check vs Others ** ** ** ** ** ** 
KCl-1 vs KCl-2 NS t NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS NS NS t NS 
K2S04-1 vs K2S04-2 NS NS NS NS NS t 
KCl vsK2S04 ** ** ** ** ** ** 

Treatment ---------------------------------- Boot ---------------------------------

Check 0.60 0.21 0.74 0.62 0.91 
KCI-1 0.76 0.59 0.46 1.88 1.25 
KCI-2 0.82 0.65 0.64 1.77 1.35 
NaCI-1 0.77 0.64 0.44 0.94 1.04 
NaCI-2 0.80 0.70 0.73 1.71 1.42 
K2S04-1 0.63 0.26 0.52 0.71 0.80 
K2S04-2 0.64 0.25 0.64 0.79 1.10 

LSD 0.13* 0.27* 0.29* 0.77* 0.35* 

Orthogonal Contrasts 
Check vs Others ** ** * ** ** 
KCI-1 vs KCl-2 NS NS NS NS NS 
NaCl-1 vs NaCI-2 NS NS t * t 
K2S04-1 vs K2S04-2 NS NS NS NS NS 
KCl VSK2S04 ** ** NS ** ** 

** * t ' ' 
significant at 1%, 5% and 10% confidence intervals, respectively 

NS non significant 
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CI- addition. The orthogonal comparisons showed that tissue from the KCl treatments 

were higher in CI- at the tillering and the boot stages than tissue from the K2S04 

treatments, with the exception of the Regina site at the latter growth stage. In these 

experiments, the trend was also observed that higher plant tissue CI- concentrations 

occurred in the treatments with higher application rates. Similar results were obtained by 

Fixen et al.(1986a), who observed that wheat treated with Cl- had a higher Cl

concentration than the untreated check treatments. In these experiments, there were trends 

toward higher plant tissue Cl- concentrations in the treatments with higher application 

rates. 

Plant Cl- levels at the tillering stage responded to soil Cl- content Tissue CI

concentrations were higher at the Regina and Porcupine Plain sites which had higher soil 

CI- levels. These results are in agreement with those ofFixen (1985), who indicated that 

Cl- concentration of spring wheat at heading stage increased with higher soil Cl- levels. 

4.1.2.2. Relationship of Cl- fertilization to root rot disease 

Root rot disease rating were determined at the tillering, boot and ripen~g growth 

stages for the six field plots (Table 4.5). Significant differences in disease rating due to 

treatment occurred only at the Marcelin site. The orthogonal contrast between the KCl and 

K2S04 treatments at the tillering growth stage show a significant trend towards reduction in 

disease rating for the KCl treatments. The level of root rot infection generally increased 

with the physiological age as the crops progressed through the tillering and boot stages to 

maturity. 

4.1.2.3. Effect of Cl- on root infection by pathogenic fungi 

Root rot disease in these studies was caused by infection with both H.sativum and 

Fusarium spp. Statistically significant differences in the percent of root infection by 

H.sativum due to treatment were found only in three instances (Table 4.6). A similar 
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Table 4.5. The effect of treatment on root rot disease rating (%DR) at three growth 
stages for the six field sites (1986). 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 

Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat ---------------- ------- Barley -------

---------------------------------- 1Lillering -------------------------------

27.3 16.3 15.4 46.5 31.1 
23.4 14.1 14.8 46.2 33.2 
29.5 15.5 15.6 39.6 28.0 
22.9 15.0 14.3 50.5 30.1 
27.1 16.8 16.1 43.5 28.3 
29.2 17.1 14.4 47.7 28.6 
27.3 21.0 14.2 44.6 34.7 

NS 4.9* NS NS NS 

Orthogonal Contrasts 
Check vs Others NS NS NS NS NS 
KCl-1 vs KCl-2 NS NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS NS. NS NS 
K2S04-1 vs K2S04-2 NS NS NS NS NS 
KCl vsK2S04 NS * NS NS NS 

Treatment ---------------------------------- Boot ---------------------------------

Check 43.0 26.4 32.4 14.6 50.5 38.8 
KCI-1 38.0 27.7 34.9 16.7 53.2 32.2 
KCI-2 40.7 26.4 33.3 16.2 41.7 33.8 
NaCI-1 42.8 30.5 30.0 16.5 46.8 33.7 
NaCI-2 41.4 28.3 36.9 18.0 50.0 33.6 
K2S04-1 48.2 25.5 33.5 15.8 49.2 34.8 
K2S04-2 37.9 24.4 31.9 15 .. 4 49.7 33.7 

LSD NS NS NS NS NS NS 

Orthogonal Contrasts 
Check vs Others NS NS NS t NS t 
KCl-1 vs KCl-2 NS NS NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS t NS NS NS 
K2S04-1 vs K2S04-2 t NS NS NS NS NS 
KCl VSK2S04 NS NS NS NS NS NS 

** * t ' ' significant at 1%, 5% and 10% confidence intervals, respectively 
NS non significant 
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Table 4.5. (continued) 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 

Orthogonal Contrasts 
Check vs Others 
KCl-1 vs KCl-2 
NaCl-1 vs NaCl-2 
K2S04-l vs K2S04-2 
KCl vsK2S04 

Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat ---------------- ------- Barley -------

---------------------------------- Ripening -----------------------------

32.5 31.2 28.4 53.0 32.3 
28.7 27.2 23.9 51.3 32.1 
24.4 32.1 22.8 55.1 30.1 
30.3 35.2 28.6 50.1 32.3 
28.5 35.4 24.9 51.8 37.8 
34.2 34.6 2$.1 50.7 37.8 
31.1 27.3 27.2 54.4 32.2 

NS NS NS NS NS 

NS NS t NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS - NS NS 

t NS NS NS NS 

** * t ' ' significant at 1 %., 5% and 10% confidence intervals, respectively 
NS non significant 
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Table 4.6. The effect of treatment on root infection by H. sativum (%H) at three growth 
stages for the six field sites (1986). 

Location 

Treatment 

Check 
KCl-1 
KCl-2 
NaCl-1 
NaCl-2 
K2S04-1 
K2S04-2 

LSD 

Orthogonal Contrasts 
Check vs Others 
KCl-1 vs KCI-2 
NaCl-1 vs NaCl-2 
K2S04-1 vs K2S04-2 
KCl vsK2S04 

Treatment 

Check 
KCl-1 
KCl-2 
NaCl-1 
NaCl-2 
K2S04-1 
K2S04-2 

LSD 

Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

-------------- Spring Wheat ---------------- ------- Barley -------

---------------------------------- 1rillering-------------------------------

39.9 21.9 50.6 19.2 56.6 
33.0 31.0 55.4 28.3 57.6 
37.4 30.7 45.4 18.9 47.8 
39.8 34.0 41.0 27.9 40.8 
44.0 45.3 55.9 26.9 66.4 
51.7 31.7 40.6 21.9 53.3 
37.8 42.4 44.8 29.6 57.9 

NS 19.8* NS NS NS 

NS * NS NS NS 
NS NS NS NS NS 
NS NS NS- NS * 

t NS NS NS NS 
NS NS NS NS NS 

---------------------------------- Boot ---------------------------------

58.4 56.4 49.9 82.8 40.7 83.9 
68.7 59.4 34.7 68.7 23.5 83.2 
55.7 52.6 48.0 76.2 33.1 80.4 
61.4 76.4 47.6 85.4 27.4 83.8 
46.8 60.1 50.7 83.9 35.5 76.5 
69.3 49.7 45.0 70.4 40.3 87.2 
46.9 50.4 40.1 65.9 25.1 87.0 

NS 15.0* NS NS NS NS 

Orthogonal Contrasts 
Check vs Others NS NS NS t NS NS 
KCl-1 vs KCI-2 NS NS NS NS NS NS 
NaCl-1 vs NaCl-2 NS t NS NS NS NS 
K2S04-1 vs K2S04-2 NS NS NS NS NS NS 
KCI vsK2S04 NS NS NS NS NS NS 

** * t ' ' significant at 1%,5% and 10% confidence intervals, respectively 
NS non significant 



Table 4.6. (continued) 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 

Orthogonal Contrasts 
Check vs Others 
KCl-1 vs KCl-2 
NaCl-1 vs NaCl-2 
K2S04-1 vs K2S04-2 

_ KCl vs K2S04 
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Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat ---------------- ------- Barley -------

-----------------------·---------- RiperUU1g -------------------------------

75.8 71.5 39.8 53.8 71.9 
86.3 77.4 40.9 55.9 69.5 
82.7 64.3 51.9 72.8 75.4 
79.6 67.4 46.0 61.0 49.1 
74.6 66.0 54.3 44.6 64.0 
85.0 56.6 36.6 54.7 70.4 
76.2 77.5 56.1 57.8 69.0 

NS NS NS NS W.O* 

NS NS· t NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS - NS NS 
NS NS NS - NS NS 

** * t ' ' significant at 1%,5% and 10% confidence intervals, respectively 
NS non significant 
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analysis of the data for the root infection by Fusarium spp. is presented in Table 4. 7. 

Statistically significant differences in the percent of root infection by Fusarium spp. due to 

treatment were found in four instances. The orthogonal contrast cefficients show no trend 

towards KCl influencing root infection by either H. sativum or Fusarium spp. (Tables 4.6 

and 4.7). 

As discussed in Section 4.1.1., fertilization with Cl- might favor the infection by 

Fusarium spp. therefore reducing infection by H.sativum , where multiple infection 

occurs. The data obtained in these experiments show no definite trends in this regard. 

4.1.2.4. ~elationship of plant tissue N03--N concentration to root rot disease 

As discussed in Section 2.3.4, there may be a relationship between plant tissue 

N03--N concentration and the severity of root rot disease. A comparison of the data for 

N03--N concentration in plant tissue (Table 4.3) with the corresponding data for disease 

rating (Table 4.5) indicated that a high disease rating was associated with high N03--N 

concentration only at the Medstead site. The lack of relationship at the other sites may be 

due to the very low levels ofN03--N present in tissue at the tillering and boot growth 

stages. Goos et al. (1987a) found common root rot severity in barley was positively related 

to tissue N~--N concentration which fell in the range of0.1% to 0.5%. At Medstead in 

1986, barley N03--N concentrations at the tillering stage were in the range of0.2% to 

0.3%. At the other 5 sites N03--N concentrations were approximately 10 times lower. 

4.1.2.5. Total biomass, grain yield and grain protein content 

There were no statistically significant differences among treatments for total 

biomass and the grain weight at any of the six experimental sites. It was found that Cl

fertilization tended to increase total biomass production more than the grain yield (Table 

4.8). The trend coefficients from the orthogonal contrast for the Medstead site show a 

significant effect of fertilization on grain yield. At all other sites there were only minor 
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Table 4. 7. The effect of treatment on root infection by Fusarium spp. (%F) at three 
growth stages for the six field sites (1986). 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 

Orthogonal Contrasts 
Check vs Others 
KCl-1 vs KCl-2 
NaCl-1 vs NaCl-2 
K2S04-1 vs K2S04-2 
KCl VSK2S04 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 

Orthogonal Contrasts 
Check vs Others 
KCl-1 vs KCl-2 
NaCl-1 vs NaCl-2 
K2S04-1 vs K2S04-2 
KCl VSK2S04 

Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

----------~---- Spring Wheat ---------------- ------- Barley -------

---------------------------------- 1rillering -------------------------------

62.4 69.6 29.8 90.6 64.9 
65.6 54.1 41.5 96.1 67.1 
76.6 48.1 29.1 100.0 62.2 
57.7 51.2 20.6 98.7 82.3 
73.1 64.6 22.7 96.9 59.3 
59.9 64.1 26.8 98.4 64.8 
59.5 84.8 25.8 83.1 61.5 

NS 23.8* NS 12.3* NS 

NS NS NS NS NS 
NS NS NS NS NS 
NS NS Ns· NS * 
NS t NS * NS 
NS t NS ** NS 

---------------------------------- BCHJt ---------------------------------

78.2 39.8 75.2 91.4 87.3' 74.9 
71.8 47.7 72.8 97.6 97.7 82.1 
72.1 46.1 74.7 93.8 97.2 84.2 
73.0 41.3 87.9 86.7 83.1 64.6 
75.4 31.8 88.1 92.0 92.1 52.9 
88.7 36.1 72.7 88.5 95.8 72.2 
84.3 48.2 83.4 97.5 88.6 83.7 

NS NS NS NS NS 21.8* 

NS NS NS NS NS NS 
NS NS NS NS NS NS 
NS NS NS NS NS NS 
NS NS NS * NS NS 
NS NS NS NS NS NS 

** * t ' ' significant at 1%,5% and 10% confidence intervals, respectively 
NS non significant 



Table 4.7. (continued) 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 
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Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat ---------------- ------- Barley -------

----------------------------------- RiperUU1g ------------------------------

70.7 86.9 33.6 89.1 50.7 
68.0 86.3 57.8 91.3 53.2 
63.5 83.8 54.7 86.9 43.6 
51.9 74.2 48.5 98.6 53.5 
74.5 83.7 34.9 87.6 45.3 
79.8 78.4 46.7 92.9 56.4 
69.4 91.3 29.2 90.7 54.2 

NS 10.2* NS NS NS 

Orthogonal Contrasts 
Check vs Others NS NS NS NS NS 
KCl-1 vs KCl-2 NS NS NS NS NS 
NaCl-1 vs NaCl-2 * NS NS t NS 
K2S04-1 vs K2S04-2 NS * NS . NS NS 
KCl vsK2S04 NS NS NS * t 

** * t , ' significant at 1%,5% and 10% confidence intervals, respectively 
NS non significant 



- 51 -

Table 4.8. The effect of treatment on total biomass, grain yield, and grain protein 
content for the six field sites (1986). 

Location Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat ---------------- ------- Barley -------

Treatment ----------------------- Total Biomass (kg/ha) --------------------------

Check 4435 5465 5248 6169 6665 4927 
KCI-1 4905 4960 5551 6484 6903 5141 
KCI-2 4768 5308 5258 6544 6696 5475 
NaCI-1 5161 5515 5573 6219 6696 5066 
NaCI-2 4935 6168 5785 5836 7011 6800 
K2S04-1 4929 5565 5655 5628 6750 5335 
K2S04-2 5058 5355 6536 6750 6856 5071 

LSD NS NS NS NS NS NS 

Orthogonal Contrasts 
Check vs Others NS NS * NS NS NS 
KCl-1 vs KCl-2 NS NS NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS NS NS . NS * 
K2S04-1 vs K2S04-2 NS NS * * NS NS 
KCl vsK2S04 NS NS NS NS NS NS 

Treatment ----------------------- Grain Yield (kg/ha) ----------------------------

Check 1425 2281 2650 2530 2011 2140 
KCI-1 1436 2296 2776 2661 2205 2331 
KCI-2 1713 2323 2863 2646 2069 2041 
NaCI-1 1720 2364 2641 2545 2176 2071 
NaCI-2 1655 2440 2804 2325 2248 2668 
K2S04-1 1595 2708 2800 2245 2070 2140 
K2S04-2 1674 2545 2750 2741 2378 2143 

LSD NS NS NS NS NS NS 

Orthogonal Contrasts 
Check vs Others t NS NS NS * NS 
KCl-1 vs KCl-2 NS NS NS NS NS NS 
NaCl-1 vs NaCl-2 NS NS NS NS NS NS 
K2S04-1 vs K2S04-2 NS NS NS t t NS 
KCI VSK2S04 NS NS NS NS NS NS 

** * t ' ' significant at 1%,5% and 10% confidence intervals, respectively 
NS non significant 



Table 4.8. (continued) 

Location 

Treatment 

Check 
KCI-1 
KCI-2 
NaCI-1 
NaCI-2 
K2S04-1 
K2S04-2 

LSD 

Orthogonal Contrasts 
Check vs Others 
KCI-1 vs KCI-2 
NaCl-1 vs NaCl-2 
K2S04-1 vs K2S04-2 
KCI vsK2S04 
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Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

--------------- Spring Wheat ---------------- ------- Barley -------

---------------------------- <J~ l?rotein (9&) ---------------------------

12.3 10.9 10.2 8.7 10.1 9.2 
12.5 11.0 10.3 8.6 10.0 8.9 

- 12.3 10.8 10.7 8.5 10.1 9.0 
12.6 10.8 10.2 8.7 9.8 8.8 
12.4 10.6 10.2 8.6 10.2 9.3 
12.8 10.8 10.2 8.8 10.1 8.7 
12.4 10.8 10.5 8.7 10.1 8.9 

NS NS 0.5* 0.3* NS NS 

NS NS NS NS NS NS 
NS NS t NS NS NS 
NS NS NS NS * NS 
NS NS NS NS- NS NS 
NS NS NS NS NS NS 

** * t ' ' significant at 1%, 59& and 10% confidence intervals, respectively 
NS non significant 
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differences in yield due to treatments. Total biomass was increased by fertilization at the 

Marcelin site while at Marcelin and Regina a significant response to the rate of applied 

K2S04 was observed. In these field experiments, the percentage of grain protein ranged 

from 10 to 13 % for spring wheat and 8.5 to 9.5 % for barley. There were significant 

. effects of treatments on grain protein content at Marcelin and Regina (Table 4.8). 

Comparison of the orthogonal contrast coefficients indicated a trend toward higher protein 

content at Marcelin and Medstead as Cl- fertilization increasd. 

Plant growth stages were identified by the Zadoks decimal code as the crop reached the 

heading stage. At Medstead the identification was carried out at the boot stage (Table 4.9). 

Higher code numbers represent advanced plant growth. Significant differences in plant 

growth stage, as a result of the experimental treatments, were observed at three of the six 

sites. No trends were apparent to indicate that Cl- fertilization advanced crop maturity. 

Table 4.9. Effect of CI- fertilization on plant growth stages as-identified 
by the Zadoks decimal code (1986). 

Treatment Englefeld Kindersley Marcelin Regina Medstead Porcupine 
Plain 

Check 61.6 58.9 61.9 59.1 43.3 
KCI-1 63.0 58.8 61.8 58.8 47.1 
KCI-2 61.5 58.3 61.4 58.8 42.5 
NaCI-1 62.3 59.5 61.6 59.5 42.0 
NaCI-2 61.3 58.3 61.2 59.8 45.3 
K2S04-1 62.5 59.3 61.1 59.3 44.7 
K2S04-2 62.0 58.8 61.7 59.0 46.3 

LSD NS NS 0.7* NS 3.0* 

Orthogonal Contrasts 
Check vs Others NS NS * NS * 
KCl-1 vs KCl-2 NS NS NS NS ** 
NaCl-1 vs NaCl-2 NS t NS NS NS 
K2S04-1 vs K2S04-2 NS NS NS NS NS 
KCl vsK2S04 NS NS * NS NS 

**,* ,t significant at 1%,5% and 10% confidenceintervals respectively 
NS non significant 

57.2 
58.0 
57.9 
58.7 
57.7 
58.2 
57.6 

1.5* 

NS 
NS 
NS 
NS 
NS 
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4.2. Growth Chamber Studies 

4.2.1. The effect of CI- on root rot 

In this pot experiment, the following observation and measurement were made: 1) 

root rot disease rating of subcrown internodes and the infection of H. sativum , 2) plant 

tissue concentrations ofK+, N03--N and Cl-, 3) plant growth parameters including seed 

germination, plant height, plant growth stage and plant biomass production. 

4.2.1.1. Plant nutrient concentrations 

The treatment means for plant tissue nutrient concentration are presented in 

Table 4.10. 

Table 4.10. Treatment means for plant tissue nutrient concentrations at 
the tillering stage. 

Treatment Plant Tissue Content (%) 

K N03--N Cl-

Check + Spore 3.18 1.32 0.28 
Check 3.41 1.33 0.25 
KCI + Spore 3.32 1.12 0.89 
KCI 3.45 1.24 0.88 
NaCI + Spore 3.33 1.26 0.83 
NaCl 3.22 1.09 1.09 
K2S04 +Spore 3.48 1.33 0.19 
K2S04 3.47 1.33 0.19 

LSD NS 0.12* 0.09* 

Orthogonal Contrasts 
Check vs Others NS ** ** 
KCl vs NaCl NS NS * 
KCl vsK2S04 NS ** ** 
+Spore vs -Spore§ NS NS ** 

**, * significant at the 1 % and 5% confidence intervals respectively 
NS nonsignificant 
§ For the KCl and NaCl treatments 
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There was no significant difference inK concentrations, however, the N03--N and Cl

concentrations were significantly influenced by treatment. The orthogonal contrast 

coefficents showed trends to significantly lower ND3--N concentrations for all treatments 

as compared to the check, and for the KCl treatments as compared to the K2S04 

treatments. In all treatments where additional CI- was applied, significantly higher plant 

tissue CI- concentration were found. 

4.2.1.2. Root rot disease rating of subcrown internodes 

Subcrown internodes from the treatments which were not inoculated with spores 

also had some brown and dark brown lesions, probably due to the contamination of the 

sand or from seed-born inoculum. The treatments which were inoculated with H. sativum 

spores, however, had significantly higher disease ratings than the uninoculated treatments 

(Table 4.11). 

Table 4.11. Comparison of average disease rating for treatments with and 
without inoculation of spores. 

Treatment 

Check 
KCI 
NaCI 
K2S04 

LSD 

Orthogonal Contrasts 
Check vs Others 
KCI vs NaCl 
KCl vsK2S04 
+Spore vs -Spore§ 

Disease Rating (%) 

+spore 

38.8 
27.8 
29.9 
28.6 

10.7* 

* 
NS 
NS 

** 

-spore 

17.8 
9.1 

15.5 
13.0 

**, * significant at the 1 % and 5% confidence intervals respectively 
NS nonsignificant 
§ For the KCI and NaCI treatments 
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The inoculated treatments receiving KCl, NaCl and K2S04 all had lower disease 

ratings than the check treatment The orthogonal contrast coefficients showed a significant 

trend in disease reduction due to chemical treatment as compared to the check treatment A 

highly significant effect of inoculation was observed for the KCI and NaCI treatments. 

4.2.1.3. Plant biomass production 

At the end of the experiment the fresh and dry weights of plant shoots and root parts 

were determined. A significant effect of treatment was found on the fresh and dry weight 

of plant shoots. The fresh weight of roots were also significantly affected by treatment 

(Table 4.12). 

Table 4.12. Comparison of average plant biomass production. 

Treatment 
Fresh 
Shoot 

Dry 
Shoot 

Fresh 
root 

Dry 
root 

--------------------.- gram per plant · · · --------------------

Check + Spore 2.13 0.29 2.45 0.16 
Check 3.13 0.42 3.45 0.21 
KCI + Spore 2.23 0.31 2.90 0.25 
KCI 2.78 0.38 3.35 0'.24 
NaCI + Spore 2.87 0.37 3.69 0.31 
NaCI 1.43 0.24 2.59 0.24 
K2S04 + Spore 2.65 0.37 2.74 0.21 
K2S04 2.71 0.38 3.61 0.27 

LSD 0.72* 0.09* 0.81 * NS 

Orthogonal Contrasts 
Check vs Others NS NS NS * 
KCl vs NaCl NS NS NS NS 
KClvsK2S04 NS NS NS NS 
+Spore vs -Spore§ t NS NS NS 

**, * , t significant at the 1 %, 5% and 10% confidence intervals respectively 
NS nonsignificant 

§ For the KCl and NaCI treatments 
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The orthogonal contrast coefficients show an effect of chemical treatment on the dry 

weight of roots as compared to the check treatment Seed germination, plant height and 

physiological growth stages were also recorded during this experiment. No significant 

differences were observed in these measurements. 

4.2.2. The effect of Cl- on multiple infection 

This pot experiment was designed to test the effect of Cl- on multiple infection of 

wheat roots with H. sativum and Fusarium spp. The following measurements and 

observations were made: 1) plant tissue concentrations ofK+, N03·-N, and Cl-, 2) foot rot 

disease rating and 3) fresh and dry shoot weights. Since subcrown internodes failed to 

develop in this experiment disease ratings were based on an estimate of the foot rot 

infection. All of the above measurements are presented in Table 4.13. There were 

significantly lower concentrations ofK+ and Cl- in plant tissue forth~ uninoculated 

treatments (i.e. "Check" and "Check+ KCI"). For the Check+ KCl treatment the lower 

concentrations are related to biological dilution as a result of the greater biomass production 

for this treatment Orthogonal contrast coefficients indicate that inoculation with spores 

resulted in significant reductions in fresh and dry shoot weight and significant increases in 

disease rating and Cl- concentrations. 

Foot rot apppears just above the soil surface and is manifested in brown and dark 

brown lesions on the crown and old plant sheaths. Significant differences in foot rot 

disease occurred as a result of the fungal species and the sequence of inoculation in this 

experiment Inoculation frrst with Fusarium spp. resulted in significantly higher foot rot 

disease ratings. Initial infection with H. sativum appeared to restrict further infection by 

Fusarium spp. (Table 4.13). Dry matter production was greatest for the treatments which 

were disease free. Clear evidence of the degree of foot rot infection by Fusarium spp. and 

H. sativum as compared to the check treatment are shown in Plate 4.1. 
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Table 4.13. Mean comparison of plant tissue nutrient concentrations, foot rot 
disease ratings and plant shoot weights. 

Treatment Plant Tissue Disease Plant Shoot 
Nutrients Rating Weight 

K N03--N a- Fresh Dry 
--------- (%) ---------- (%) (g/plant) 

Check 3.27 1.21 0.38 0.0 7.84 
KCl +Check 3.34 1.31 0.65 0.0 8.48 
KCl + F1 3.75 1.39 0.88 56.0 6.25 
KCl + H1 3.70 1.32 0.82 43.8 6.42 
KCI + F1 + H1 3.59 . 1.35 0.84 70.1 5.96 
KCI + F1 + H2 3.66 1.35 0.90 69.8 5.86 
KCI + H1 + F2 3.74 1.26 0.82 43.1 5.26 

LSD 0.23* NS 0.15* 12.0* 2.67* 

Orthogonal Contrasts 
Check vs KCl+Check ** NS ** NS NS 
+Spore vs -Spore NS NS ** ** ** 
(F1 +H2) vs (H1 +F2) NS NS NS NS NS 
F1 vs H1 NS NS NS * NS 
(F1 +H2) vs (F1 +H1) NS NS NS NS NS 

**,* significant at the 1% and 5% confidence intervals respectively 
NS Non significant 
F1, F2: The frrst and second inoculation of Fusarium spp. respectively 
H1, H2: The first and second inoculation of H. sativum respectively 

1.09 
1.17 
0.90 
0.91 
0.84 
0.86 
0.78 

0.35* 

NS 
* 

NS 
NS 
NS 

It is important to note that in this experiment subcrown internodes failed to develop 

on the plants. This experiment was carried out under the same conditions of temperature, 

light and nutrient culture as the experiment described in Section 2.2.1. The only difference 

was that in this experiment the seeds were covered with 5 em of sterilized Ottawa sand 

instead of 5 em of sterilized vermiculite. Due to the resulting changes in the micro

environment no subcrown internodes developed. The absence of observable foot rot 

disease symptoms in the uninoculated treatments indicated that contamination was largely 

eliminated in this experiment 
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Plate 4.1. Visual appearance of foot rot disease caused by Fusarium spp. 

and H.sativum as compared to the uninoculated check treatment. 
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5. SUMMARY 

Strip trials at 36 field sites were conducted throughout the Province of 

Saskatchewan in 1985 to investigate the effect of KCI fertilization on the depression of 

common root rot . At 13 sites a lower disease rating of common root rot was found for 

plant samples of treatments where·ci- had been added. At 8 sites, grain yields were 

significantly increased by KCl fertilization. Following the addition of KCl, yields of 

winter wheat, spring wheat and barley over all sites increased by an average of 342, 192, 

and 128 kg/ha respectively. 

Cl- addition increased the Cl- concentration of plant tissue for all crops. Spring 

wheat trials (at 18 sites) showed that a- fertilization generally increased root infection 

caused by Fusarium spp. while at the same time infection by H. sativum tended to 

decrease. These observations led to further investigations of the effect of Cl- application 

on the sequence of root infection by the two fungi. 

In 1986, replicated field plot experiments were carried out at six sites; four with 

spring wheat and two with barley, for the purpose of studying the effect of Cl~ fertilization 

infection on root rot and grain yield As expected, plant tissue Cl- concentrations varied 

with soil a- levels, fertilization rate and plant species. Increases in plant Cl

concentrations tended to lower N~--N concentrations. Significant differences in disease 

rating due to treatment, however, occurred at only one site, Marcelin. High levels of root 

rot infection were related to high concentrations ofN03--N in barley tissue at the Medstead 

site. Lower disease ratings at the oth~r sites were associated with low N03·-N 

concentrations. There were no significant differences among treatments for total biomass 

production or grain yield at any of the six sites. In these experiments, data gathered on the 

degree of infections by H.sativum and Fusarium spp. failed to confirm the trend observed 

in the 1985 experiments. 

An initial growth chamber study using wheat was carried out in nutrient culture to 
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study the effect of different Cl- sources on root infection by H. sativum under controlled 

environmental conditions. Although contamination of uninoculated treatments occurred, 

the results confirmed observations made in the field: that a- additions tended to reduce 

N03--N concentrations and lower levels of fungal infection. 

In a second growth chamber experiment, spring wheat was inoculated at different 

times and in different sequences with H. sativum and Fusarium spp. inocula, in an 

attempt to delineate the possibility of an antagonistic relationship. Additional precautions 

were introduced to prevent fungal contamination. Although systems were relatively free of 

contamination, subcrown internodes failed to develop, apparently as a result of the seeds 

being covered with sterilized sand rather than a cover such as venniculite. As a result of 

this plant modification it was not possible to determine root r9t disease by the conventional 

method. Severe foot rot infections occurred in the inoculated plants, which reduced plant 

biomass production. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

Field and pot experiments with cereals showed that the addition of Cl- containing 

fertilizers increased the concentration of Cl- in plant tissue, which generally resulted in a 

correspondingly lower N03--N concentration. In certain instances, Cl- was found to 

depress common root rot and increase grain yield of spring wheat, winter wheat and 

barley. Since there are currently no effective methods available for the control of common 

root rot, Cl- fertilization, in some cases, may provide a means of depressing root rot 

disease and promoting better crop growth. 

However, further research is needed to discover why common root rot is depressed 

by CI- fertilization in some instances while in others there is apparently no effect. One step 

towards this goal would be the development of a reliable and adequate method of 

determining soil CI- levels. By combining a knowledge of soil Cl- levels with climate, soil 

and crop growth parameters, and populations of pathogenic fungi, it would be much easier 

to interpret anomalous field results. 

Experiments related to a- and root rot diseases and its effect on plant production 

due to factors other than root rot should be canied out on fields which are low in Cl-. In 

South Dakota ,where critical levels for soil Cl- have been determined, crop responses to 

Cl- fertilization may be expected in fields with soil CI- levels below 60 kg/ha (0-60 em soil 

depth). 

In further studies, emphasis should be place on the interaction of Cl- with 

physiological plant processes. Before conducting field scale studies, experiments should 

be done in the growth chamber under controlled conditions. In this way, variability of 

common root rot infection, which is so prevalent under field conditions, is avoided. 

A successful approach was used in the growth chamber experiments to study plant root 

diseases by inoculation of pathogenic fungi, under controlled environmental conditions. 

The methods employed allowed for the study of the interaction of plant nutrient levels on 
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root infection and plant growth. Under controlled conditions it is possible to control the 

pathogenic inoculum, regulate the nutrient supply and avoid the problems of contamination 

and environmental variability encountered in the field 

In growth chamber studies, precautions must be taken when dealing with 

experimental materials. Sterilization of growth media and surface disinfection of the seed 

are important in order to achieve reliable results. The crop varieties used in experiments 

should be considered in further studies, due to their different resistances to root rot 

infection. In root rot studies, the development of subcrown internodes is a key factor in 

determining the degree of root rot. The elongation of subcrown internodes is influenced by 

soil micro-environmental conditions around the seeds, such as: moisture, temperature, 

light intensity and gravitational pressure from the cover media on the seeds. In these 

growth chamber experiments, plant subcrown internodes ~longated when the seeds were 

covered by a 5 em layer of sterilized vermiculite, but not when they were covered with a 5 

em layer of sterilized Ottawa Sand. 
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8. APPENDICIES 



Appendix A. Site description of small plot experiment in 1986. 

Site 

Englefeld 

Kindersley 

Marcelin 

Regina 

Medstead 

Porcupine 
Plain 

Soil 
Type 

Ylcl 

Feel 

Mefsl 

Rahc 

Wvl 

Whl 

Crop 

Wheat 

Wheat 

Wheat 

Wheat 

Barley 

Barley 

* 0-15 em soil sample depth 
** 0-60 em soil sample depth 

Variety 

Katepwa 

Columbus 

Neepawa 

Katepwa 

Klages 

Peacos 

Soil Properties t 

pH* Conductivity* 
(mS/cm) 

8.2 

7.0 

7.1 

7.7 

7.3 

7.6 

3.5 

0.5 

0.2 

0.9 

0.4 

0.4 

t soil samples were analysed by the SasJcatchewan Soil Testing Laboratory 

Soil Test Nutrient Levels t 

N03-N** P* K* S04-S** Cl** 
-------------------- (Jc~a) --------------------

95 

63 

45 

168 

26 

21 

23 

38 

51 

10 

19 

14 

340 

650 

240 

700 

240 

150 

96 

20 

28 

36 

36 

32 

50 

62 

62 

124 

62 

74 

-...,J 
.t:'--

I 
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Appendix B. Zadoks decimal code for identification of cereal growth stages. 

0 Germination 1 Seedlina= Growth 

00 Dry seed 10 First leaf through coleoptile 
01 Start of imbibition 11 First leaf unfolded 
02 12 2leaves unfolded 
03 Imbibition complete 13 3 leaves unfolded 
04 14 4leaves unfolded 
05 Radicle emerged from caryopsis 15 5 leaves unfolded 
06 16 6leaves unfolded 
07 Coleoptile emerged from caryopsis 17 7 leaves unfolded 
08 18 8 leaves unfolded 
09 Leaf just at coleoptile tip 19 9 or more leaves unfolded 

2 Tillerin2 3 Stem Elona:ation 

20 Main shoot only 30 Pseudo stem erection 
21 Main shoot and 1 tiller 31 1st node detectable 
22 Main shoot and 2 tillers 32 2nil node detectable 
23 Main shoot and 3 tillers 33 3rd node detectable 
24 Main shoot and 4 tillers 34 4th node detectable 
25 Main shoot and 5 tillers 35 5th node detectable 
26 Main shoot and 6 tillers 36 6th node detectable 
27 Main shoot and 7 tillers 37 Flag leaf just visible 
28 Main shoot and 8 tillers 38 
29 Main shoot and 9 or more tillers 39 Flag leaf ligule/collar just 

visible 

4 Bootina= 5 Inflorescence · Emen:in~:* 

40 50-51 First spikelet of inflorescence 
41 Flag leaf sheath extending just visible 
42 52-53 1/4 of inflorescence emerged 
43 Boots just visibly swollen 54-55 1/2 of inflorescence emerged 
44 56-57 3/4 of inflorescence emerged 
45 Boots swollen 58-59 Emergence of inflorescence 
46 complete 
47 Flag leaf sheath opening 
48 
49 First awns visible 

6 Antbesis 7 Milk Development 

60-61 Beginning of anthesis (not 70 
easily detectable in barley) 71 Caryopsis water ripe 

62-63 72 
64-65 Anthesis 1/2 complete 73 Early milk 
66-67 74 



Appendix B. Continued. 

6 Anthesis (cont.) 

68-69 Anthesis complete 

8 Don&h Deyelgpment 

80 
81 
82 
83 Early dough 
84 
85 Soft dough (finger nail impression 

not held) 
86 
87 Hard dough (finger nail 

impression held, inflorescence 
losing chlorophyll) 

88 
89 
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7 

75 
76 
77 
78 
79 

9 

90 
91 

92 

93 

94 

95 
96 

97 
98 
99 

Milk Development (cont.) 

Medium milk** 

Late milk 

Ripening 

Caryopsis hard (difficult to 
divide by thumb nail) 
Caryopsis hard (can no longer 
be dented by thumb nail) 
Caryopsis loosening in 
daytime 
Over-ripe, straw dead and 
collapsing 
Seed dormant 
Viable seed with 50% 
germination 
Seed not dormant 
Secondary dormancy induced 
Secondary dormancy lost 

* Even code numbers represent crops which reach this stage simultaneously; 
odd code~~feresent uneven crops where 50% of the shoots reach the given stage. 

** Medium · (increase in solidS in liquid endosperm notable when crushing caryopsis 
between fmgers ). 
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Appendix C. Categories of root rot severity and calculations used to derive disease 
ratings and percentages of infection by different fungi. 

1. Cate~s of Root Rot Severity (as per Ledingham et al., 1973; Tinline et al., 197 4) 

CLEAN: 

SLIGHf INFECTION: 

No vascular discoloration on subcrown internode 
(no lesions) .. 

With limited vascular discoloration on subcrown 
internode (lesions 1-25% ). 

MODERATE INFECTION: With moderate vascular discoloration on subcrown 
internode (lesions 25-50% ). 

SEVERE INFECfiON: With extensive vascular discoloration on subcrown 
internode (lesions >50%). 

2. Calculation of Disease Rating 

%Disease Rating (%DR)= 
(A+ B + c :+D) X 10 

Total no. internodes 
where 

A = (No. of clean) x (0) 
C = (No. of moderate) x (5) 

B = (No. of slight) x (2) 
D =(No. of severe) x (10) 

3. Calculation of percentage of infection by Fusarium spp. (%f) and H. sativum (%H) 

Infection by Fusariwn spp. (%F) = 

Infection by H. sativwn (%H) = 

Total counts of Fusariwn spp. colonies 

Total no. subcrown internodes 

Total counts of H. sativum colonies 

Total no. subcrown internodes 
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Appendix D. Relationship between total K and water extractable K in plant tissue. 
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2 

1 

0 

y = 0.917 X 

r = 0.99 
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0 1 2 3 4 5 6 

0 

K (%)(Digested) 

Relationship between total potassium and water extractable potassium 
concentrations in barley at the boot growth stage (1985 samples) 

y = 0.895 X 

r = 0.938 
• • 

1 2 3 4 5 
K (%)(Digested) 

Relationship between total potassium and water extractable potassium 
concentrations in spring wheat at the boot growth stage (1985 samples) 
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Appendix E. Composition of the modified Arnon and Hoagland nutrient 
solution used in the growth chamber experiments. 

Constituents 

KN03 

Ca(N03)2 

~H2P04 

MgS04·1H20 

H3B03 

MnCl2 ·4H20 

CuSo4 · SH20 

ZnS04·1 H20 

H2Mo04 (Mo03 · H20) 

FeS04 · 7H20 0.5% 
+ 

Tataric acid 0.4% 

* per litre of nutrient solution 

Original Formula 

(1940) 

1.02 g/1 

0.492 g/1 

0.230 g/1 

0.49 gil 

2.86 g/1 

1.81 mg/1 

0.08 mg/1 

0.22 mg/1 

0.09 mg/1 

Modified Formula 
in this Study 

(1986) 

0.777 g/1 

0.689 g/1 

0.230 g/1 

0.49 g/1 

2.86 gil 

1.81 mg/1 

·o.08 mg/1 

0.22 mg/1 

0.09 mg/1 

1.8 ml/1* I week 
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Appendix F. Effect of CI- on the means of plant tissue analysis, ~oot rot disease 
rating, root infection and grain yields in 1985. 



Appendix F. Effect of CI-on the means of plant tissue analysis, root rot disease rating, root infection and grain yield on spring wheat field 
strip trials (1985). 

Location Soil Treatment Tissue Analysis Root Rot Root Infection Grain 
Type Yield 

N~~)N K+ cl- H. sativum Fusarium spp. 
(%) (%) (%DR) (%) (%) (kg/ha) 

Assiniboia Ad cl Check 0.310 2.04 0.42 26.3 55.7 19.0 
Cladded 0.183 1.97 0.43 19.5 74.3 13.3 

Englefeld Yk I Check 0.183 2.47 0.39 7.6 14.3 56.7 2640 ** 
Cl added 0.120 2.33 0.43 11.0 11.0 13.3 3266 

Glenbain Ad cl Check 0.031 1.85 0.45 43.2 94.7 3.3 804 
Cl added 0.005 1.51 0.48 26.8 77.0 4.0 1085 

Gull Lake Ad cl Check 0.020 1.86 0.33 7.8 55.0 34.7 714 ** (X) 
Cladded 0.014 1.98 0.27 14.9 78.3 15.3 532 N 

Gull Lake Ad cl Check 0.197 2.05 0.48 40.1 95.0 4.0 
Cl added 0.063 1.98 0.47 20.6 74.0 9.0 

Kindersley Fe cl Check 0.043 2.39 0.37 9.0 62.7 36.7 1848 
Cladded 0.040 2.21 0.58 10.8 49.0 50.7 1753 

Lang bank Ox l Check 0.267 2.77 0.53 9.4 59.0 73.0 2175 
Cladded 0.213 3.03 1.19 11.4 64.7 74.7 2006 

Leo ville Wh I Check 0.077 1.83 0.38 9.6 29.0 23.7 1880 ** Cladded 0.057 2_.09 0.72 3.8 17.3 27.0 3143 

Leroy Ox l Check 0.005 1.45 0.58 7.5 23.0 25.0 2934 ** 
Cl added 0.014 1.22 0.46 8.7 13.5 31.5 3538 

* = paired "t" significant at the 0.1 probability level; ** = paired "t" significant at the 0.05 probability level 



Appendix F. Effect of Cl-on the means of plant tissue analysis, root rot disease rating, root infection and grain yield on spring wheat field 
strip trials (1985). 

Location Soil Treatment Tissue Analysis Disease Root Infection Grain 
Type Rating Yield 

NO--N Kf c.-- H. sativum Fusarium spp. 
r%> (%) (%) (%) (%) (%) (kg/ha) 

Luseland Ew I Check 0.060 2.11 0.75 16.9 67.0 80.0 2633 
Cl added 0.057 2.30 0.92 16.2 39.3 87.7 2832 

Meadow Mdl Check 0.020 1.56 0.64 6.2 8.5 5.0 4139 
Lake Cl added 0.019 1.55 0.76 4.9 1.5 21.0 4290 

Regina Rahc Check 0.018 3.03 0.53 5.8 76.7 23.0 1795 * 
Cladded 0.014 2.87 0.70 0.6 69.0 27.7 2083 

Semans Wr 1 Check 0.060 2.50 0.29 12.8 55.7 30.7 2075 ** 00 
Cladded 0.043 2.58 0.81 13.7 53.7 33.3 2553 w 

I 

Shaunavon Ad cl Check 0.012 --- --- 7.1 40.3 86.7 
Cl added 0.014 --- --- 9.6 53.3 88.0 

Viceroy Ad cl Check 0.024 1.70 0.63 12.5 51.7 15.3 463 
Cladded 0.040 1.90 0.53 7.2 34.7 45.0 450 

Viceroy Ad cl Check 0.050 2.24 0.48 26.9 79.3 23.3 523 
Cl added 0.043 2.50 0.50 29.1 76.0 28.7 533 

Waldheim Ox 1 Check 0.065 1.52 0.37 8.9 43.0 6.5 2831 
Cl added 0.035 1.59 0.43 6.5 24.0 40.0 2807 

Watrous Wr 1 Check 0.047 2.05 0.69 46.0 54.3 63.0 3319 
C1 added 0.026 1.89 0.80 45.3 60.7 53.7 2793 

* = paired "t" significant at the 0.1 probability level; ** = paired "t" significant at the 0.05 probability level 



Appendix F. Effect of CI-on the means of plant tissue analysis, root rot disease rating, root infection and grain yield on winter wheat field 
strip trials (1985). 

Location Soil Treatment Tissue Analysis Root Rot Root Infection Grain 
Type Yield 

NO;· N K"+ c•- H. sativum Fusanum spp. 
(o/o) (%) (%) (%DR) (%) (%) (kg/ha) 

Colgate Bk cl Check 0.030 1.38 0.48 7.3 38.5 95.0 
Cladded 0.040 1.58 0.69 7.8 54.5 100.0 

Glenavon Ox 1 Check 0.097 2.05 0.47 5.2 61.0 44.3 2383 
Cladded 0.023 1.72 0.84 7.2 72.3 23.3 2393 

Gull Lake Ad cl Check 0.004 1.76 0.28 3.9 44.3 81.0 699 ** 
Cladded 0.005 1.81 0.76 7.2 43.0 64.0 892 

Lucky Lake Sc he Check 0.005 2.11 0.42 1.7 45.3 57.7 1699 (X) 

Cladded 0.003 1.88 0.82 3.0 54.0 46.7 1937 .p. 

I 

Perdue Kp cl Check 0.006 1.95 0.38 9.5 63.7 65.3 3087 ** 
Cladded 0.010 2.05 0.90 9.7 50.0 44.3 4312 

Porcupine Wh 1 Check 0.300 3.53 0.84 2.3 6.0 7.0 2645 
Plain Cladded 0.140 3.37 1.67 2.3 9.3 15.7 2692 

** = paired "t" significant at the 0.05 probability level 



Appendix F. Effect of CI-on the means of plant tissue analysis, root rot disease rating, root infection and grain yield on durum field 
strip trials (1985). 

Location Soil Treatment Tissue Analysis Root Rot Root Infection 
Type 

NO;· N K+ c1- H. sativum Fusarium spp. 
(%) (%) (%) (o/oDR) (%) (o/o) 

Moss bank Sc c Check 0.004 1.48 0.46 8.9 43.3 49.7 
Cladded 0.004 1.59 0.57 2.6 29.7 59.0 

Sceptre Sc he Check 0.044 2.02 1.02 17.1 60.7 26.0 
Cladded 0.021 1.90 0.89 6.7 51.7 26.0 

St. Valley Ww cl Check 0.173 2.41 0.37 i7.5 34.0 69.0 
Cladded 0.167 2.61 0.60 12.2 39.3 66.7 

• = paired "t" significant at the 0.1 probability level; ** = paired "t" significant at the 0.05 probability level 

Grain 
Yield 

(kg/ha) 

1169 
1122 

1520 
1413 

685 
787 

(X) 
V1 

I 



Appendix F. Effect of CI- on the means of plant tissue analysis, root rot disease rating, root infection and grain yield on barley field 
strip trials (1985). 

Location Soil Treatment Tissue Analysis Root Rot Root Infection Grain 
Type Yield 

N~ ·N K+ Cl- H. sativum Fusarium spp. 
%) (o/o) (%) (%DR) (%) (%) (kg/ha) 

Canora Yk 1 Check 0.030 2.07 0.27 9.5 29.0 32.0 3688 ** 
Cladded 0.024 2.29 0.59 7.0 31.5 41.5 4139 

Churchbridge Ox 1 Check 0.077 1.97 0.42 14.8 59.3 32.3 
C1added 0.263 2.73 0.54 16.1 57.0 25.3 

Churchbridge Ox 1 Check 0.540 4.03 1.89 17.2 23.0 11.0 
C1added 0.263 3.06 1.74 17.3 34.0 33.7 

Cut Knife St 1 Check 0.220 2.55 1.00 25.1 49.5 67.5 3077 00 
C1added 0.190 2.33 0.83 22.9 36.0 70.0 3356 0'\ 

Glenavon Ox 1 Check 0.407 3.90 0.49 33.2 67.0 60.7 2369 
C1added 0.717 4.03 1.30 40.1 56.3 54.3 2354 

Medstead Wv 1 Check 0.167 2.40 0.25 8.2 70.7 53.7 3049 
C1added 0.180 2.30 0.78 13.2 79.3 10.7 2898 

Medstead Wv 1 Check 0.287 1.85 0.32 9.8 6.7 59.0 2654 
C1added 0.200 1.93 0.72 10.3 18.7 52.0 2918 

Nipawin Wv 1 Check 0.025 1.55 0.21 11.7 77.5 22.5 4733 
C1added 0.096 7.15 0.37 13.3 78.0 50.0 4700 

Tisdale Ti sicl Check 0.075 1.63 0.52 10.0 21.5 26.0 4574 
C1added 0.050 1.68 0.79 11.9 27.5 55.0 4673 

** = paired "t" significant at the 0.05 probability level 
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