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Editorial
Dear readers,

In this issue of e-ifc, we present a mini review on 
the role of chloride (Cl) in plant nutrition. It is an 
unusual micronutrient for various reasons: its 
concentration in plants can vary enormously with 
some plants requiring very high levels whilst others 
are sensitive. Its supply is, in many cases, provided 
by proximity to the sea, and by the fact that, 
generally, it is supplied by applying KCl. The paper 
by Ren, Xu and Kirkby provides a number of useful 
insights in how to evaluate the Cl needs of plants.

Also, in this edition, we look at the economics 
of applying various fertilizer treatments to no-
till maize in Bahia State, Brazil. Surely, farmers 
fertilize to maximize their profits. Wander, da 
Silva and Wiendl analyze the results from an IPI 
experiment in the region. Yet with price fluctuations 
of crop and inputs, this type of analysis must be 
considered every now and then to include recent 
changes and ensure the system’s optimization.

I wish you a good read.

Hillel Magen 
Director

Photo cover page:  

Ef fect of potassium (K) application on yield and quality of apples. Application of potassium (K) 

at a rate of 2.5 kg per plant increased size and improved color of apples for farmer Ab. Ahad 

Shah in Aham Sharief village, Bandipora district , Jammu & Kashmir, India. Photo: Courtesy 

Potash for Life, January 2015.
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Abstract
Potassium chloride (KCl), muriate of potash, is the most 
commonly used K fertilizer in the world providing crops with 
two nutrients, K and Cl, essential for both plants and animals. 
On application to most soils, both these nutrients are readily 
available to crops. In arable cropping, KCl is applied with other 
N and P containing fertilizers frequently increasing the efficiency 
of their utilization. The physiological and biochemical roles 
played by K in crop plants are mostly well understood and have 
been extensively investigated. Potassium is known to activate 

Research Findings

more than 60 enzymes, has a direct function in the synthesis of 
protein, exerts a major influence on plant water relations, cell 
turgor and is essential in the process of growth and development 
of cells. Potassium also plays a key role in photosynthesis and the 
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Redwin winter wheat; photos taken af ter flowering at a field site near For t Smith Montana. The entire field was seeded  

to this cultivar and leaf spot symptoms were apparent across the entire field. The soil test very low in Cl.  

Photo: Courtesy Dr. Richard Engel, Montana State University, USA.
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transport of resulting sugars together with amino N compound 
to developing fruits and roots. During recent years it has become 
increasingly clear that K has a major function in crop production in 
mitigating effects of abiotic and biotic stresses including salinity, 
cold, frost, waterlogging, and drought as well as insects, pests 
and various diseases. The detailed molecular and biochemical 
controlling mechanisms involved still require further elucidation. 
Potassium and nitrogen are the two nutrients that are taken up 
in the largest amounts by crops. There is an extensive literature 
showing these two nutrients act in partnership to have an 
enormous impact in determining crop yield and quality. When K 
supply is inadequate (i.e. the ratio of K/N supplied to crops is too 
low), low molecular weight sugars and amino acids accumulate 
rather than the formation of high molecular weight compounds 
including proteins, starch, polysaccharides and cellulose present 
in high quality crops. Crop yields and quality are correspondingly 
affected. The role of chlorine as an essential nutrient in various 
aspects of crop nutrition is also becoming increasingly evident.
The chlorine content of the lithosphere is about 500 mg kg–1 and 
occurs almost exclusively as the anion chloride (Cl–). In general, 
irrigation water contains less than 150 Cl– mg L–1, which makes 
it suitable, for most crops providing that leaching can take place. 
Recommended amounts of KCl fertilizer applied to crops in field 
practice are in the range of 75-150 kg ha–1 for field crops and 
300-500 kg ha–1 for horticultural crops. KCl is the only suitable 
form of Cl supply for irrigation and fertigation because of its 
high solubility. Chlorine is an unusual micronutrient in that Cl 
concentration in plants can vary enormously. It is required in 
the water splitting reaction of photosynthesis in the evolution of 
oxygen, charge compensation, and osmoregulation of the whole 
plant, as well as regulating movement of the stomatal guard cells 
of some crop species. Deficiency in crops usually only occurs 
in areas at great distance from the sea where the input from the 
atmosphere does not meet the demand, which for dryland wheat 
production is 4-8 kg ha–1. It can also be a problem in crops such 
as kiwi fruit and palm trees that have a particularly high demand 
for Cl. Chloride toxicity occurs worldwide and is a general stress 
factor limiting crop growth in arid and semi arid areas. Crops 
differ markedly in sensitivity to Cl. Sensitive crops include: 
pepper, cabbage, lettuce, rape, tobacco, potato and sweet potato 
whereas a number of the major staple world crops are insensitive: 
rice, wheat, corn, sorghum, cotton, tomato, eggplant, banana and 
peach. It is well recognized that Cl can suppress a wide variety of 
plant pathogens in different crops. These include rust disease of 
barley (Puccinia hordei), stem blight disease of corn (Aspergillus 
niger), brown heart disease of potato (Cephalotrichum stemonitis), 
barley root rot (Cochliobolus sativus, Fusarium culmorum), and 
corn stalk rot (Fusarium spp). The soil borne fungus take-all in 
cereal crops (Gaeumannomyces graminis) is particularly sensitive 
to Cl. The reason for this appears to relate to its enhancing effect 
on Mn uptake and in increasing cellular osmotic pressure. In 
the context of human nutrition, the benefits of a balanced diet 

supplied with adequate amounts of K and Cl is discussed as well 
as the detrimental effects of excess NaCl.

Introduction 
The fertilizer potassium chloride (KCl) (muriate of potash, MOP) 
provides two essential elements, the macronutrient potassium, as 
a cation (K+) and the micronutrient chlorine, as an anion (Cl–) and 
is the source of 90% of mineral K applied to crops throughout the 
world (IFA, 2013). Of all the mineral K fertilizers, KCl has the 
highest content of K (over 50%). It is readily soluble in water and 
on application to the soil, K+ enters the soil solution and exchange 
complex and can then be rapidly taken up by plant roots. It also 
mixes well with N and P fertilizers and is rarely applied alone. 
Indeed KCl application offers an important means of raising 
the efficiency of utilization of these fertilizers. In the case of 
grassland, KCl is the only form of mineral K fertilizer applied. 
K removed in hay and silage in nutrient cycling is easily replaced 
by top dressing with KCl. Nearly all crops respond to KCl under 
conditions of K deficiency or inadequate supply. For only a very 
few crop plant species sensitive to Cl– should application of KCl 
be restricted, as for example tobacco in which Cl at normal rates 
of application is detrimental to leaf quality and smoke flavour. 
The great overall advantage of KCl is that in comparison with 
other fertilizer forms (K2SO4 and KNO3) it is relatively low in 
cost and easily accessible.

Most of the essential physiological functions of potassium in 
crop plants have been well researched. Potassium is taken up by 
the plant in similar very large quantities as nitrogen and plays a 
fundamental role in plant physiology and biochemistry especially 
in relation to N metabolism (see Marschner, 2012; Mengel and 
Kirkby, 2001; and Roemheld and Kirkby, 2010). It is known to 
activate more than 60 enzymes, have a direct function in the 
synthesis of protein, exert a major influence on plant water 
relations, cell turgor and be essential in the process of growth 
and development of cells. Potassium also plays a key role in 
photosynthesis in both the light and dark reactions culminating 
in the formation of sugar via the reduction of CO2. Potassium 
is an exceptional macronutrient in that it is not to any extent 
incorporated into organic molecules so that it is present within 
the plant almost exclusively as a univalent cation. In this form it 
is highly mobile, is the dominant cation both in xylem and phloem 
pathways and is associated with the transport of inorganic anions 
and organic metabolites. In the xylem, K at concentrations in the 
range of 10-20 mmol L–1 are responsible for nutrient transport 
from root to shoot in many crop species whereas in the phloem 
much higher concentrations (100-200 mmol L–1) occur. Here K 
controls loading of sucrose and amino acids produced during 
photosynthesis and their transport to developing fruits and roots.
Within recent years it has become increasingly clear that K is 
the most important mineral nutrient acting to mitigate abiotic and 
biotic stresses affecting crop production including salinity, cold, 
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frost, waterlogging, and drought as well as insects, pests and 
various diseases (Cakmak, 2005; Wang et al., 2013). In this area 
much research is still needed to elucidate underlying physiological 
and molecular interacting and controlling mechanisms but there 
is no doubt that K ions protect cells against reactive oxygen 
species (ROS) induced under stress conditions (Cakmak, 2005).

Potassium chloride applied to the soil releases equal amounts of 
Cl and K ions into the soil solution. Chloride is very mobile in the 
soil and easily removed by leaching, whereas K entering the soil 
solution becomes relatively immobile and is held mainly in the 
soil solution and exchangeable K pools which are accessible for 
uptake by the roots (Roemheld and Kirkby, 2010). Although much 
less Cl is usually required for growth and development, chlorine, 
is an unusual micronutrient in that it is required for some essential 
functions in minute amounts but its uptake can vary greatly 
depending on the accessibility of Cl and plant species (Epstein 
and Bloom, 2004; Chen et al., 2010).

The purpose of this mini review is to consider KCl as a crop 
fertilizer particularly in its relationship to N fertilization to 
explain the important interaction between these nutrients and to 
update information on the chlorine component in relation to soil 
and irrigation, deficiency and toxicity, effects of fertilization on 
crop yields and environment, effects on crop diseases, and the 
role played by chloride and K in human health.

Uptake and assimilation of N in relation to KCl application to 
crops
In crops fertilized with KCl, K exerts a very strong influence 
on N uptake and metabolism. Nitrate is the principal form of N 
uptake in most arable soils during 
the growing season when nitrifying 
bacteria are active. In many crop 
plant species both K and nitrate ions 
are rapidly taken up by roots and 
transported together from root to the 
shoot and leaves which are often the 
main sites of nitrate reduction and 
assimilation. Both nutrients can be 
cycled and recycled between shoots 
and roots which serve several well 
defined functions. These include 
supplying the roots with nutrients 
assimilated in the shoots (nitrate and 
sulphate reduction), maintenance 
of cation/anion balance providing 
additional driving force for solute 
flow in the xylem and phloem and 
acting as a shoot signal to convey 
nutrient demand to the roots. Cycling 
of mineral nutrients like K is also 

required to cover the demand for growth of apical root zones and 
to smooth out fluctuations that occur spatially and with time in 
the external nutrient supply of soil grown plants (Marschner et 
al., 1997). These two nutrients K and N acting in partnership 
have an enormous impact on plant biochemistry and physiology 
including: induction of cell division and extension in shoots and 
roots i.e. growth; maintenance of cell turgor; control of plant 
water relations, enzyme activation; photosynthesis; and protein 
synthesis (Mengel and Kirkby, 2001). Additionally the ratio of 
K/N considerably affects metabolism. A low ratio induces the 
accumulation of low molecular weight compounds i.e. amides, 
amino acids and sugars, whereas a high K/N ratio favours the 
accumulation of high molecular weight compounds including 
proteins, starch, polysaccharides and cellulose (Marschner, 
2012). An example illustrating the practical implication of this 
close interaction between K and N on crop yield is shown in 
Fig. 1 from an experiment on an Illinois soil, low in soil available 
K. Increasing rates of K fertilization to corn plants adequately 
supplied with N stimulated rates of nitrogen uptake, thereby 
increasing corn grain yield and efficiency of N utilization (Better 
Crops, 1998). A similar response of palm oil yield to the beneficial 
interactive effect between N and K in can be seen in Fig. 2 (Webb, 
2009). There are many other similar examples in the agronomic 
literature showing the beneficial influence of KCl fertilization on 
N uptake and utilization increasing yield and quality in various 
crops as reported by Gething (1993) and Mengel and Kirkby 
(2001). This influence of K is also beneficial to the environment in 
restricting nitrate leaching and possible denitrification of nitrate 
unused by the crop.

In the older literature in particular, attention was given to the 
possible depressing effects of chloride on nitrate uptake by crops 

Fig. 1. Corn (Zea mays L .) yield in response to increasing rates of soil applied N and K. Adapted from Bet ter 

Crops, 1998.
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and hence N utilization. There is no doubt that Cl does compete 
with nitrate during uptake (Xu et al., 2000; see also references 
in Khan et al., 2014), but it has to be borne in mind that for most 
crops the demand for N is very much higher than that of Cl. 
Usually crop vegetative tissue has a concentration of between 
2-5% N in the dry matter which is considerably greater than Cl 
which usually reaches only about 1% Cl and is often much lower 
(Heckman, 2006). Moreover, plants not only take up chloride 
but they release it back into the soil (White and Broadley, 2001). 
Additionally some plant species and cultivars can and do exclude 
Cl uptake (Abel, 1969 and Xu et al., 2000). In comparison with 
the intense physiological and biochemical interactions between N 
and K any effect of Cl is thus normally of much lesser importance.

Cl– in soil and irrigation
The chlorine content of the lithosphere is about 500 mg kg–1 and 
occurs almost exclusively as chloride. Hence, most of the water 
resources in the world contain significant amounts of Cl. In 
irrigated soils, the Cl– concentration of topsoil depends closely 
on the amount and salt concentration of the irrigation water 
(Xu et  al., 2000). In the same review the authors reported that 
in general, irrigation water contains less than 150 Cl– mg L–1, 
which makes it suitable, for most crops providing that leaching 
can take place. For example, irrigation of 500 mm of water per 
growth season with a Cl– concentration of 100-200 mg L–1 is 

equivalent to the application of about 
500-1000 kg Cl ha–1 (Maas et al., 
1982). Recommended amounts of 
KCl fertilizer applied to crops in field 
practice are in the range of 75-150 
kg ha–1 for field crops and 300-500 
kg ha–1 for horticultural crops (Fan 
et al., 2007; Shen et al., 2011; Liu et 
al., 2012), and are thus much lower 
than the amount of Cl supplied by 
irrigation. Moreover, the movement 
of Cl– in soil solution is largely 
determined by water flow (White and 
Broadley, 2001) and thus Cl– is easily 
leached through the soil profile. The 
addition of Cl– by KCl fertilizer is 
therefore safe for most agricultural 
crops. Potassium chloride is the only 
suitable source of K that can be used 
in irrigation and fertigation systems; 
K2SO4 is unsuitable because of the 
low solubility of CaSO4 while KNO3 
is not easy to handle and is much 
more expensive. 

Cl– in crops, deficiency and toxicity 
Chloride is an essential nutrient for plants. It is required in the water 
splitting reaction of photosynthesis in the evolution of oxygen, 
charge compensation, and osmoregulation of the whole plant, as 
well as in the stomatal guard cells of some crop species (Xu et al., 
2000; Chen et al., 2010; Marschner, 2012). Various reports of Cl 
deficiency symptoms have been published since those of Broyer 
et al. (1954) first established chloride as an essential plant nutrient. 
Whitehead (1985) reported that Cl deficient red clover grown 
in water culture showed symptoms of leaf wilt, shrivelling and 
necrosis and stem cracking. Heckman (2006), has drawn attention 
to a lack of data concerning critical concentrations for many crop 
species but in wheat at heading there are reports of values of about 
1-1.5 mg Cl g–1 DM. Deficiency of Cl can occur in the field at sites 
at great distances from the sea as has been reported in the mid 
west US wheat belt (Fixen, 1993) where Cl content in the rainfall 
does not meet the demand of about 4-8  kg Cl ha–1 required for 
adequate crop yield as calculated from the Cl concentration value 
cited above. Deficiency symptoms in wheat occur as chlorotic 
and necrotic lesions in the leaves referred to as “Cl deficient leaf 
spot syndrome” and were reported by Engel et al. (1997), see 
Photo 1. From extensive work from chloride fertilization based 
on soil testing Mengel et al. (2009) report the high probability of 
beneficial effects of chloride fertilization in dryland wheat and 
sorghum production in central Kansas. Chloride deficiency can 

Fig. 2. Oil palm yield in response to increasing rates of soil applied N and K. Adapted from Webb, 2009.
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also occur in crops with high Cl requirements such as kiwi fruit 
and palm trees (see Marschner, 2012).

Chlorine toxicity is much more common as a limiting factor 
in growth worldwide particularly in arid and semi arid 
environments. According to Marschner (2012) an external 
concentration of 20 mmol L–1 can lead to Cl toxicity in sensitive 
crop species whereas in tolerant species the value can be 4 to 5 
times higher without reducing growth. In most arable soils, the 
concentration of Cl– is much lower at about 2-3 mmol L–1 in soil 
solution which is not toxic to most crops (Xu et al., 2000). Corn 
(Zea mays L.; cultivar of Trojan 114) for example tolerated an 
application of 728 mg Cl– kg–1 in the greenhouse without showing 

any detrimental effects. The same was true for yield and growth 
at 340 kg ha–1 Cl– in field experiments (Parker et al., 1985). 
Cotton yield and quality were unaffected by Cl– concentrations 
below 1,600 mg kg–1 (Tan and Shen, 1993). Sugar beet requires 
large amounts of chloride. Its yield increased with increasing 
Cl– applications up to 1,600 mg kg–1 (Jing et al., 1992). The same 
authors observed that yield of this crop was not reduced even with 
applications of Cl– as high as 3,200 mg kg–1 in a clay soil.

Effect of Cl– fertilization on crop yield and environment
The beneficial effect of Cl on crop yield and quality has been 
reported in experiments comparing forms of K application Parker 
et al. (1985) determined greater yields in corn (Zea mays L.) with 
equivalent rates of KCl fertilizer as compared to K2SO4 fertilizer. 
A similar beneficial effect of Cl– fertilizer over sulphate on corn 
grain yield in field experiments was also reported by Heckman 
(1995). On a sandy loam soil, with chloride applications of up to 
400 kg ha–1 over a three year period, yields of 500-1,500 kg ha–1 
more grain were obtained over the control. Yields were positively 
correlated with increases in ear leaf Cl concentration. It was 
concluded that the reasons for enhanced levels of Cl nutrition 
included a favourable influence on corn production by enhancing 
retention of water in plant tissues and extending the period of 
grain fill as well as partitioning more photosynthate into the grain.

From the field experiments of Wen (2006) the rates of application 
of Cl–-containing fertilizers should be carefully managed in 
relation to crop species. Crops insensitive to Cl– such as rice, 
wheat, corn, sorghum, cotton, tomato, eggplant, banana and peach 
can tolerate Cl– fertilizer at rates of 1,350-1,800 kg ha–1 season–1, 
whereas rates of application should be lower for moderate Cl– 

tolerating crops such as soybean, pea, strawberry, peanut, apple, 
sugarcane where the range should lie between 675-1,350 kg ha–1 
season–1. For Cl– sensitive crops such as pepper, cabbage, lettuce, 
rape, tobacco, potato and sweet potato the Cl– application should 
not exceed 675 kg ha–1 season–1. 

Environmental effects of the continuous application of Cl–-
containing chemical fertilizers to a paddy soil were studied over 
a 34 year period at a long-term field experiment site in Hunan 
Province, China. It was shown that the effect of this Cl treatment 
in comparison to the application of SO4

2–-containing fertilizer 
was to enhance biodiversity as measured by an increasing number 
of weed species and higher biomass of water surface weeds and 
submerged weeds (Shen et al., 2011). Compared with applied 
SO4

2–-containing fertilizers, the authors reported that weed 
biomass was increased by 24.2% and 17.6% by managed Cl–-
containing fertilizer in the late rice season and early rice season, 
respectively, indicating that Cl– was not harmful to plant growth 
or development. 

Photo 1. Chloride deficiency in WB881 durum wheat plants grown in 

hydroponics in a controlled growth room. The plants were grown in the 

absence of chloride. Photo: Courtesy Dr. Richard Engel, Montana State 

University, USA. 
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Effect of Cl– fertilization on crop diseases 
The Cl– component in fertilizers has been reported to control 
a number of diseases in different crop species (Fixen, 1993). 
According to Elmer (2007) Cl– application suppresses 23 
pathogens on 12 crop species. These include rust disease of 
barley (Puccinia hordei), stem blight disease of corn (Aspergillus 
niger) and brown heart disease of potato (Cephalotrichum 
stemonitis) (Mao and Li, 1999; Zhang et al., 2010). Barley root 
rot (Cochliobolus sativus, Fusarium culmorum) has also been 
shown to be suppressed by KCl fertilization (Timm et  al., 
1986). Heckman (1998) demonstrated the beneficial effect of Cl– 
fertilizer on corn stalk rot (Fusarium spp) in field experiments 
in which the concentration of Cl– in the ear-leaf was inreased by 
raised levels of applied Cl–. Zhe incidence of stalk rot (Gibberella 
zeae) was also found to be controlled to a greater extent with KCl 
than K2SO4 (Huber, slide 27 on http://brasil.ipni.net/ipniweb/
region/brasil.nsf/e0f085ed5f091b1b852579000057902e/98de35e
dd4f507f483257afe005d60e6/$FILE/Palestra%20Don%20Huber.
pdf). According to Huber, farmers in the USA have to face a cost 
as much as 8-10 billion dollars per year for corn stalk rot damage 
caused by Gibberella zeae and other fungi . The severity of stripe 
rust in wheat (Puccinia striiformis f. sp. tritici) was also shown to 
be significantly reduced in an experiment involving 381 cultivars 
spring top dressed with NH4Cl as compared to (NH4)2SO4 again 
indicating a specific effect of Cl– (Christensen et al., 1982).

The soil borne fungus take-all (Gaeumannomyces graminis) in 
wheat and barley seriously limits grain production in various 
regions in the world (Huber et al., 2012). This fungal pathogen 
has a growth optimum at pH 7 and is highly sensitive to low pH 
as observed by Taylor et al. (1983). Both NH4Cl and (NH4)2 SO4 
applications depress soil pH. However, the additional presence of 
Cl appears to be more effective in suppressing pathogen activity. 
Application of NH4Cl supplying chloride at approximately 
350 kg ha–1 to winter wheat, was shown to increase grain yield 
by 11 to 40% over that obtained with equivalent supply of 
(NH4)2 SO4 in plots where the presence of take-all disease was 
confirmed (Christensen et al., 1981), (see also Christensen et al., 
1993). This beneficial effect appears to relate specifically to the 
Cl and is not dependent on the accompanying fertilizer cation. 
The same authors reported similar benefits of Cl application 

supplied as KCl with N in the form of NH4N in increasing yield of 
winter wheat and depressing the incidence of take-all in the roots 
(Table 1). The most effective treatment was to apply the KCl both 
in autumn and spring.

A most detailed and thought provoking account of chlorine and 
plant disease has been produced by Elmer (2007). He suggests 
that the major influence of chloride fertilization on plant disease 
appears to be a reduction of cell osmotic potential (increased 
turgor pressure) together with an increase in manganese uptake 
and an enhancement of beneficial microbes through changes in 
root exudation. Manganese increases host resistance by inducing 
deposition of ligneous defence barriers (Huber and Wilhelm, 
1988). The increase in osmotic pressure can be accounted 
for as a result of the Cl uptake. There are both chemical and 
microbiological means to achieve a chloride-mediated Mn uptake 
in which soil pH has a controlling influence. In acid soils (pH 
lower than 6.6) adequately supplied with Mn, chloride suppresses 
nitrification and a chemical reduction occurs to produce Mn2+ 
whereas in neutral and alkaline soils, Cl may enhance Mn by 
altering the nutritional composition of the root exudates which 
in turn favours microbes that are able to induce Mn reduction. 
The beneficial effect of suppressing the incidence of take-all 
by use of a nitrification inhibitor is shown by Huber (slide 25 at 
http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1
b852579000057902e/25dd770a7fa6689c83257b090060759d/$F
ILE/Palestra%20Don%20Huber.pdf). It also appears likely that 
Cl– enhances the activity of relevant plant resistant enzymes. For 
example cucumber downy mildew (Pseudoperonospora cubensis) 
was suppressed by Cl– application which was associated with an 
increase in β-1,3-glucanase activity (Jia et al., 2004). A detailed 
account of the beneficial effect of Cl– in restricting various plant 
diseases is given in Heckman (2006) and also referred to in Huber 
et al. (2012). 

The effect of Cl– and K+ on human health 
Chlorine is an essential mineral nutrient for humans (animals) as 
well as plants and similarly to plants is ingested as Cl–. The body 
of an average adult human contains about 115g chloride making up 
about 0.15 % of the total body weight and the Cl anion represents 
about 70% of the total anion charge within the blood (Meletis, 
2014). By far the greatest intake of Cl by humans is from table 
salt NaCl. The World Health Organization, 2012 recommends that 
human adult consumption should be limited to 5  g salt (NaCl) 
per day. This represents 3,035 mg Cl–, an amount which is at 
least 5 fold greater than that which can be supplied in the diet by 
plant material assuming a daily intake of 30 g dry plant material 
(approx 300 g fresh plant material) with a Cl concentration in 
the range of 2-20 mg g–1 in the dry matter (Xu et al., 2000). The 
5 g NaCl figure for human intake is often greatly exceeded, as 
in the US, so that the contribution of Cl from plant material 
can be even lower than the value cited above. Excessive intake 

Table 1. Effect of chloride as KCl on the “Incidence of Take-All in 
Winter Wheat” in a field experiment supplied with NH4N. 

Chloride treatment Infected roots Grain yield 
---------------kg ha-1--------------- -------%------- ------t ha-1------ 

Autumn Spring   
0 0 45 5.3 
56 0 34 5.7 
56 185 11 6.5 

Source: Christensen, N.J. et al. 1981. Agron. J. 73:1053-1058. 
 

http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1b852579000057902e/98de35edd4f507f483257afe005d60e6/$FILE/Palestra Don Huber.pdf
http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1b852579000057902e/98de35edd4f507f483257afe005d60e6/$FILE/Palestra Don Huber.pdf
http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1b852579000057902e/98de35edd4f507f483257afe005d60e6/$FILE/Palestra Don Huber.pdf
http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1b852579000057902e/98de35edd4f507f483257afe005d60e6/$FILE/Palestra Don Huber.pdf
http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1b852579000057902e/25dd770a7fa6689c83257b090060759d/$FILE/Palestra Don Huber.pdf
http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1b852579000057902e/25dd770a7fa6689c83257b090060759d/$FILE/Palestra Don Huber.pdf
http://brasil.ipni.net/ipniweb/region/brasil.nsf/e0f085ed5f091b1b852579000057902e/25dd770a7fa6689c83257b090060759d/$FILE/Palestra Don Huber.pdf
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of NaCl is extremely damaging to health causing hypertension 
and is associated with cardiovascular disease. Indeed a current 
problem in the human diet is the low intake of K relative to the 
high Na intake (see Roemheld and Kirkby, 2010); this is one of 
the reasons for the benefit of a high intake of fruit and vegetables 
as a source of K in the human diet. Amongst the functions of 
K in human nutrition are its essential roles in protein synthesis, 
carbohydrate metabolism, electrical activity of the heart and the 
acid base balance together with its functions as an anti oxidant in 
both plants and animals. Chloride obtained from crops is thus not 
harmful to human health and KCl application to crops is without 
influence on the intake of Cl by humans, and is of benefit in 
providing a source of K.

Khan et al. (2014) suggest that KCl fertilization of crops can 
be detrimental to human health by depressing crop quality but 
convincing evidence of any direct effect on the human diet is 
lacking. What is certain is that worldwide, KCl is the predominant 
form of K fertilization for nearly all commercially produced 
nutritional crops and it has been extensively demonstrated that 
both the yield and quality of crops adequately supplied with 
KCl is far superior than when supply is inadequate or deficient 
(Kafkafi et al., 2001). As an example of a supposedly harmful 
effect of KCl fertilization, Khan and his colleagues cite literature 
relating to potato production arguing that chloride fertilization 
lowers starch concentration which in turn reduces specific 
gravity “with adverse consequences for health such as obesity 
and cardiovascular diseases arising from greater oil retention 
in processed products such as potato chips and French fries”. 
Here the authors appear to lose sight of the major causes of the 
increasing rates of obesity and cardiovascular diseases now 
established as: a high calorie poor diet increasingly being made 
up of sugar and junk foods low in fibre, an excess Na intake, and 
a lack of the macro and micronutrients and vitamins as a regular 
major components of the daily intake. In relation to the dangers 
of consuming French fries, heating these above 120° C gives rise 
to the potential carcinogen acrylamide. Tubers of potato varieties 
with high concentrations of reducing sugars and asparagine 
are particularly prone to acrylamide formation (Amrein et al., 
2003). In this respect the work of Gerandas et al., 2007 provides 
clear evidence of the benefit of increasing K/N ratio of fertilizer 
treatment during tuber growth in depressing the accumulation of 
reducing sugars, asparagine as well as the levels of acrylamide in 
the French fries from the processed tubers.
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Introduction
Improving nutrient efficiency is a worthy goal and a fundamental 
challenge facing the fertilizer industry, and agriculture in general. 
The opportunities are there and tools are available to accomplish 
the task of improving the efficiency of utilizing applied nutrients. 
However, caution is needed to ensure that improvements in 
efficiency do not come at the expense of farmers’ economic 
viability or the environment. Judicious application of fertilizer 
best management practices, which include the slogan ‘right rate, 
right time, right place’ targeting both high yields and nutrient 

Research Findings

efficiency will benefit farmers, society, and the environment alike 
(Roberts, 2008).

This paper is therefore aimed at assessing the economic viability 
of different potassium (K) fertilizing practices in corn (maize) 
production under a no-tillage system.
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Methodology
Polidoro and Teixeira (2013) are carrying out a long-term field 
experiment in Luís Eduardo Magalhães (Bahia State, Brazil) on 
corn (maize) cultivation under no-tillage. We have therefore used 
corn yields obtained for the 2011/2012 season of this work for the 
eight treatments (Table 1).

For economic analysis, partial budgeting (PB) analysis was used. 
This form of analysis is best adapted to small changes that may 
be considered in the business depending on the analysis of two 

or more alternative practices. This analysis does not determine 
whether these two practices are the most desirable for the farm, it 
only indicates the change that will occur in farm income (increase, 
decrease or no change). The positive and negative effects have to 
then be separated and listed in different sections of the PB as 
developed by Lessley et al. (1991).

The PB measures the positive and 
negative effects of changes of a farm 
practice. The left side of PB shows the 
positive effects on net income, including 
additional income and reduced costs. To 
counterbalance this positive effect, the 
right side includes reduced income and 
additional costs or the negative effects of 
the proposed change (Table 2).

PB has four categorical parts: additional 
income, reduced costs, reduced income 
and additional costs (Lessley et al., 1991).

We compared each treatment T2 to T8 (new 
treatments) against farm level practice 
(T1).

The costs of the fertilizers were as 
follows: SSP (18% P2O5, 19% Ca and 12% 

S) at Brazilian dollars (R$) 1,112.58 and KCl (60% K2O) at R$ 
1,792.78 per ton (IEA, 2013). Corn price refers to average prices 
in November 2013: R$ 20.86 per 60 kg bag of corn (IEA, 2013).

Positive effects of changing farm practice
Additional income: Represents the value 
of the incremental corn yield after the 
adoption of a new fertilizing practice.

Reduced costs: In the case of new farm 
practices replacing another practice in 
use by farmer, the expenses associated 
with the replaced fertilizing practice are 
reduced costs. These are either variable or 
fixed. If a variable input is no longer used, 
or less of it is used (such as fertilizer), 
costs are reduced. In the case where the 
change results in reduced labor time and 
there is a productive use for this released 
labor force, the value of released labor 
should also be recorded. It may be possible 
to reduce the fixed costs of depreciation, 
taxes and insurance, as well as interest 
on average value of some repairs if there 

Table 1. Treatments analyzed for economic viability. 

Treatment N P2O5 K2O S Applied as Time of 
application 

  -------------kg ha-1-------------   
T1 Farm practice 8.3 83 62 0 415 kg ha-1 of 2-20-15 Basal  
T2 SSP only 0 86 0 58 480 kg ha-1 of SSP Basal  
T3 SSP+K90TD 0 86 90 58 480 kg ha-1 of SSP 

150 kg ha-1 KCl 
Basal  
Top  

T4 SSP+K90BD/TD 0 86 90 58 480 kg ha-1 of SSP 
150 kg ha-1 KCl 

Basal  
50% basal 
50% top  

T5 SSP+K45 0 86 45 58 480 kg ha-1 of SSP 
75 kg ha-1 KCl 

Basal  
Basal  

T6 SSP+K90BD 0 86 90 58 480 kg ha-1 of SSP 
150 kg ha-1 KCl 

Basal  
Basal  

T7 Control 0 0 0 0   
T8 Farm practice + 

K45TD 
8.3 83 107 0 415 kg ha-1 of 2-20-15 

75 kg ha-1 KCl 
Basal  
Top  

Note: SSP: Single super phosphate; KCl: Potassium chloride; TD: Top dressing; BD: Basal dressing. 

Lef t T 3, right T 2. Photo by T. Wiendl.
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is a reduction or elimination of investments in land, buildings, 
equipment or machinery. Total additional income and reduced 
costs have the same positive effect on net income.

Negative effects of changing farm practice
Reduced income: A proposed change in the farm practice may 
reduce farm income because of decreased yield.

Additional costs: This portion of PB includes any new costs 
associated with a proposed change. These costs can be fixed or 
variable. Additional variable costs can be involved where the 
change includes increased machinery operations, labor, fertilizers 
amounts, etc. If the proposed change requires new investments, 
e.g. machinery and equipment, the costs related to depreciation, 
interest, repairs and taxes fall into this category. If an asset has 
a useful life of more than one year, this investment should be 
distributed over its useful life. When change does not require any 
additional investments, there is no additional cost.

Total reduced income and total additional 
costs have the same negative effect on net 
income.

Net income after changing farm practice
The effect of the proposed change in net 
income was carried out by comparing the 
sum of additional income and the reduced 
costs with the sum of reduced income 
and reduced costs. In the case where 
the additional income and reduced costs 
are greater than the reduced income and 
reduced costs, an increase in net income 
will result. Yet once the increase in net 
income is positive, there is still a need 
to evaluate it with the additional labor, 
investment and risk associated with the 
proposed change.

Table 2 illustrates the partial budget 
approach used in this study.

Results
Table 3 describes the yields and the 
economic results due to changes in income 
and costs. 

Our findings showed a strong correlation 
(R2=0.9853) between farm net income 
change and obtained corn yields.

Conclusions
1.	 K2O fertilization is economically important and greatly raises 

farmers’ net income. 
2.	 All tested options using K2O fertilization improved farm net 

income compared to farmer standard K2O fertilizing practices.
3.	 The best economic option (T6) was using 480 kg ha-1 of SSP 

and 90 kg ha-1 of K2O as basal dressing.
4.	 The second best option (T4) was using 480 kg ha-1 of SSP plus 

90 kg ha-1 of K2O divided into 50% as basal dressing and 50% 
as top dressing.

5.	 Adding N through NPK brought no additional economic 
benefit. Replacement of 2-20-15 by SSP and KCl resulted in 
higher income even for less K applied per ha.

6.	 Changes in farm net income are directly linked to the yield 
changes.

 

Table 2. PB structure for a corn-producing farm to analyze alternative fertilizing practices. 
Proposed change: Should the farmer replace his current K2O fertilizing practice (A) with a new one (B)? 

Positive effects Negative effects 
Additional income (yield increases) Reduced income (yield decreases) 
Reduced costs (saved fertilizer, machinery 
and labor) 

Additional costs (additional fertilizer, machinery 
and labor) 

Table 3. Yields and the changes in net income (R$ ha-1) of each treatment related to farm level 
standard in Luís Eduardo Magalhães (Bahia State, Brazil). 
Treatment 
(K2O fertilization practice) 

Corn yield Yield change 
over control 

Change in 
net income 
over control 

PB comments 

  Number of 60 kg bags ha-1 R$ ha-1  
T1 Farm practice 93 0 -  
T2 SSP only 75 -18 -472.53 Yields decreased more 

than the saved costs 
T3 SSP+K90TD 136 43 496.43 Significant yield 

increase 
T4 SSP+K90BD/TD 150 57 788.47 Significant yield 

increase 
T5 SSP+K45 136 43 665.68 Significant yield 

increase. Yield level 
was the same as T3, 
but with lower costs 

T6 SSP+K90BD 156 63 948.63 Highest yield increase 
observed in all 
treatments 

T7 Control 39 -54 -690.69 Significant yield 
reduction 

T8 Farm practice + 
K45TD 

130 37 602.57 Yield increases, but 
also higher costs 

Note: TD: Top dressing; BD: Basal dressing. 
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Fig. 1. Economic ef fect of each fer tilizing practice in corn production on farmer’s net income (BRL) in Luís Eduardo Magalhães (BA, Brazil), 2011/2012.
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Introduction
Grazed pastures in Brazil provide the major source of food for 
beef and dairy cattle. For this reason, well established, properly 
managed pastures of high productivity are essential in order 
to support adequate gains in animal weight. Soil fertility is 
one of the most important controllable factors for determining 
forage yield and quality. Alfalfa (Medicago sativa L. ), which is 
highly important for forage production in Brazil, is extremely 
demanding in soil nutrients, so that the provision of an adequate 
supply of nutrients is essential to maintain high forage quality and 
profitable yields (Moreira et al., 2008; Bernardi et al., 2013a,b). 
Interestingly, this crop requires higher levels of soil fertility than 
other tropical pastures (Bernardi et al., 2012).

Research Findings

The most common nutrient inputs for alfalfa are lime, phosphorus 
(P) and potash (K) fertilizers in the high weathered, low-fertile 
and acids soils of tropical regions (Moreira et al., 2008; Bernardi 
et al., 2013a,b). No nitrogen (N) fertilizer sources are used in 
the alfalfa production system in Brazil since all N is supplied 
by biological fixation by Sinorhizobium meliloti. Liming is 
essential for growing alfalfa in order to increase soil pH because 
of the sensitivity of the crop to soil acidity; the recommended 

Soil Fertility Management and Weed Occurrence in Alfalfa Pasture
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pH range being between 6.5 and 7.5 (Honda and Honda, 1990). 
In addition, liming has other beneficial effects including raising 
the base saturation of the soil to 80% (Moreira et al., 2008), 
reducing the aluminum (Al) and manganese (Mn) toxicity as a 
consequence of increased soil pH, and thereby also increasing 
the availability of the macronutrients calcium (Ca), magnesium 
(Mg), K and P. Liming also favors organic matter mineralization, 
increasing the efficiency of symbiotic N fixation, fertilizer use 
efficiency and microbiological activity in the soil. Phosphate 
and micronutrient fertilizers are usually applied once a year. In 
tropical soils, P can be immobilized as precipitated phosphates 
of iron (Fe) or Al, or adsorbed phosphate on soil particles. This 
adsorption is reversible and phosphate is released into the soil 
solution with increasing soil pH from acid conditions by liming 
(Bernardi et al., 2012; Berg et al., 2005; Sarmento et al., 2001). 
Three forms of K (unavailable, fixed and exchangeable) are 
present in soils. Potassium considered readily available to plants 
is that in soil solution, which is in rapid equilibrium with K held 
on exchangeable cation sites of the soil complex. Potassium 
fertilizer, as muriate of potash (KCl), is usually applied after each 
grazing or cut, thereby avoiding loss of K to the crop as a result 
of K leaching through the soil profile, which can be a problem 
on these tropical soils of low cation exchange capacity (CEC) 
(Bernardi et al., 2012, 2013a., 2013b). 

In addition to soil fertility, the main limiting factors for 
cultivation of alfalfa in tropical regions are weed management, 
cultural practices and grazing management (Honda and Honda, 
1990, Vilela et al., 2008). Adequate soil fertility in established 
alfalfa pasture allows the forage to compete more effectively 
with weeds (Peters and Linscott, 1988; Lillak et al., 2005). 
Weed interference may be responsible for 30-40% reduction 
in agricultural production in the tropics (Vilela, 1992). Weeds 
may lead to a decrease in alfalfa biomass production due to 

allelopathic effects and competition for water, light, nutrients 
and space (Peters and Linscott, 1988; Moyer, 1992). In addition 
to competing with alfalfa forage, weeds may also serve as hosts 
for pests and disease, and, moreover, may complicate grazing or 
mechanical harvesting causing losses of both pasture productivity 
and quality. Little is known in Brazil concerning alfalfa used in 
the dairy cattle system and the interaction between soil fertility 
and weed occurrence. Both crop and weed species are affected by 
changing levels of soil fertility. According to Liebman and Davis 
(2000), the differences among species involving root and shoot 
responses to nutrient enrichment, supply of fertilizer, or lack 
of supply, could shift the balance in competitive relationships 
between crops and weeds. During the establishment of the alfalfa 
crop, if soil fertility is adequate and the crop is managed well, 
high vigor seedling growth should occur. However, the problem 
of weeds may worsen during the maintenance phase of the alfalfa 
pasture. Previous investigations have shown that weeds may 
invade established alfalfa stands if they become thin (Peters and 
Linscott, 1988).

In the present paper, the effect of soil amendment with lime and 
gypsum and K fertilizer on a typical low fertile, highly weathered, 
acid tropical soil is evaluated in relation to alfalfa pasture yield 
and the occurrence of weeds. 

Materials and methods
The study was conducted at Embrapa Pecuaria Sudeste, in Sao 
Carlos-SP, Brazil (22o01’ S and 47o54’ W; 856 m above sea level). 
The soil is a typical Haplurtox on which an irrigated alfalfa 
(Medicago sativa cv. Crioula) pasture had been intensively grown 
for two years. The forage was managed under a rotational system 
with a one day-grazing period and 30 days between the cycles 
throughout the year. The experimental plots were set up inside 
the paddocks (Photos 1). Lime was added to the soil to give a 

Photos 1. Plots inside the paddocks (lef t) and dairy cows grazing alfalfa pasture (right). Photos by A.C.C. Bernardi.
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base saturation of 80% in half the plots, 
and 60% in the other half. Gypsum was 
applied at 3 t ha–1 or not applied. Potassium 
fertilizer as KCl was applied to all plots at 
four rates increasing from 0 to 1.667 kg 
K2O ha–1 (0, 833, 1,250 and 1,667 kg K2O 
ha–1). There were 16 treatments in total. 
Effects were evaluated during 10 alfalfa 
growth cycles. With soil fertility decline, 
an increase in occurrence of weeds was 
observed and assessed between the 7th 
and 10th growth cycle. At harvest, weeds 
and alfalfa biomass were separated and 
weighed. Alfalfa shoot dry matter yield 
was evaluated when 10% of the crop was 
flowering, one day before dairy cattle 
grazing.

Results and discussion
The results indicated that alfalfa respond-
ed positively and significantly to K fertil-
ization (Fig. 1) at higher base saturation 
(80%). The highest yield (11,574 kg ha–1) 
was obtained with 1,290 kg ha–1 of K and 
using 3,000 kg ha–1 of gypsum. In the ab-
sence of gypsum, for the same amount of 
K, the maximum production was about 
4% lower (11,162 kg ha–1). At the lower 
base saturation (60%), no response to K 
fertilization was observed. These results 
confirm the beneficial effect of liming on 
increasing the efficiency of K fertilizer 
use in these acid tropical soils (Moreira 
et al., 2008). The findings are also in ac-
cord with previous results of Syed-Omar and Sumner (1991), who 
observed increases in production of alfalfa up to a rate of 2,000 
kg ha–1 of gypsum. 

Alfalfa dry matter yield increased from 29 to 40%, which was 
directly related to K fertilization and confirmed previous findings 
of Smith (1975), Kafkafi et al. (1977), Rando and Silveira (1995), 
Rassini Freitas (1998), and Bernardi et al. (2013b). The positive 
effect of lime was the same as already described by Honda and 
Honda (1990) and Moreira et al., (2008). A decrease in alfalfa 
productivity due to low soil fertility levels resulted in an increase 
in weed invasion into the forage stand (Photos 2). Fig. 2 shows 
the linear decrease in the occurrence of weeds with increasing K 
fertilizer doses. Considering the two levels of base saturation of 
60% and 80% (supplied with 3,000 kg ha–1 of gypsum), resulting 
decreases in weed occurrence were from 30 to 22%, and from 21 
to 9%, respectively. At both levels of base saturation (60% and 

80%), in the absence of gypsum, K fertilization promoted a qua-
dratic effect on the occurrence of weeds, indicating that the initial 
K levels favored the growth of weeds, probably because of their 
more efficient use of nutrients. These differences in nutrient use 
efficiency were pointed out by Liebman and Davis (2000). The 
results in this study also indicate that soil amendment, gypsum 
and K supply in adequate doses can contribute to the longevity of 
the alfalfa stand, as has been shown by Smith (1975), Berg et al. 
(2005), and Bernardi et al. (2013).

Conclusions
Soil fertility management has an impact on alfalfa yield and the 
potential for weed competition. Low soil fertility leads to loss 
of alfalfa pasture vigor and an increasing occurrence of weeds. 
Lime, gypsum and K fertilization can contribute substantially to 
the increased longevity of alfalfa. The major responses of alfalfa 
to K fertilization occurred at the higher soil base saturation (80%). 
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 Events	
December 2014
Centenary of the Annals of Applied Biology: Challenges for Crop Production and Quality
9-10 December 2014, Rothamsted Research, Harpenden, UK

Report by
Dr. Ernest A. Kirkby, Life Fellow, Faculty of Biology, University of Leeds, UK

On the 9th and 10th of December 2014, a two day conference 
was held at Rothamsted Research, Harpenden, UK to mark the 
centenary of the Annals of Applied Biology. The Association 
of Applied Biologists has played a major role in furthering 
the application of biology to agriculture. This international 
conference was, therefore, both appropriate and timely in 
reviewing how science has contributed to agriculture over the past 
100 years and in considering future directions in the context of the 
challenges ahead. The conference focused on one of the greatest 
challenges facing mankind in the 21st century: the “Challenges 
for Crop Production and Quality” in meeting the requirements 
of an increasing global population against the background of a 
changing climate, limiting resources and increased awareness 
of the environmental footprint of man. Serious challenges 
have to be faced during the next four 
decades: resources, including water, land, 
energy and crop nutrients are limited 
but production must increase to meet 
rising demand. Even now, demand for 
agricultural produce is at an unprecedented 
high level due to an expanding population 
and greater consumption per capita. It is 
estimated that during the next 40 years, 
as much food has to be produced as in 
the previous 8,000 years. Sustainable 
agricultural systems are needed to 
maintain food security while at the same 
time minimizing environmental damage. 

In the 1960s, the first ‘Green Revolution’ 
took place, utilizing crop cultivars which 
gave good yield responses when supplied 
with fertilizers and irrigation and 
protected with pesticides and herbicides. 
The challenge ahead is to develop crops 
and agronomic systems that will yield well 
with fewer inputs, to improve the eco-
efficiency of agriculture. The conference 
addressed the application of science to 
this enormous challenge by considering 
four themes:

Maximizing Yield Potential; Protecting Crop Potential (Biotic 
and abiotic stresses); Agriculture and the Environment; and Diet 
and Health. In all, it featured more than 25 oral presentations 
and 29 posters, with well over 100 delegates attending. All 
the presentations are to be published in the Annals of Applied 
Biology and the abstracts may be obtained online.

It is not an easy task to write a brief report of such an important 
and interesting conference, which attracted so many high quality 
papers and posters. Space permits that only a few representative 
publications can be selected for review. Below, therefore, is a 
brief account of a number of papers that it is hoped should provide 
a flavour of the meeting and encourage the reader to look at the 
remaining abstracts.

Annals of Applied Biology senior editors.  

Lef t to right: Prof. Martin Parry, Dr. Alf Keys, Prof. Peter Lea, Prof. Jari Valkonen and 

Prof. Ricardo Antunes de Azevedo. Photo by Prof. Peter Lea. 
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The Conference was opened by Professor Jari Valkonen of the 
University of Helsinki, Finland and Editor-in-Chief for the 
Annals of Applied Biology. This was followed by two inaugural 
presentations. Firstly, Ian Crute CBE (Director, Agriculture and 
Horticulture Development Board, Stoneleigh Park, Warwickshire, 
UK) spoke on “The Sustainable Intensification of European Crop 
Production: Illusion or Balancing Act?” The second presentation 
was given by the recently appointed Director of Rothamsted 
Research, Achim Dobermann, who spoke on “Agriculture in 
the Post-2015 Sustainable Development Agenda”. These two 
stimulating presentations set the scene for the papers which 
followed, directed to the four themes of the meeting.

In relation to maximizing yield potential, photosynthesis is 
among the best known plant processes that falls far below its 
theoretical efficiency in modern crops, and this was the theme of 
Stephen Long FRS (Director, Bill and Melinda Gates Foundation 
RIPE Project, Institute of Genomic Biology, Departments of 
Crop Science and of Plant Biology, University of Illinois, Urbana, 
USA), who spoke on “Maximizing Yield Potential in the Face 
of Global Atmospheric Change”. There is both theoretical and 
experimental evidence to suggest that at different levels of 
organization, from metabolism to crop canopy structure the 
process could be improved, particularly in the context of global 
atmospheric change. Such transformations have begun to validate 
some of these suggestions, leading to greater production in the 
field. The theme was continued by Christine Raines (School of 
Biological Sciences, University of Essex Colchester, UK), whose 
paper on “Metabolic Engineering to Enhance Photosynthesis 
and Increase Crop Yield” provided compelling evidence that 
manipulation of the Calvin cycle can increase crop yield and 

maximize production. Techniques were discussed to 
support the production of multigene constructs for 
introduction to transgenic plants.

Estimates of yield potential determine our expectations 
of feasible yield progress. This theme was taken up 
by Roger Bradley-Sylvester et al. (ADAS, Boxworth, 
Cambridge) in their paper on “Mapping a Route towards 
Enhanced Crop Productivity in the UK”. In setting up 
a yield enhancement network (YEN), they considered 
various ongoing improvements, including breeding, 
innovative management of resources, and farming system 
technologies. From this approach it was concluded that in 
the UK, the potential cereal yield was around 20 t ha–1 
and that of oilseeds 9 t ha–1. The 20:20 Wheat programme 
at Rothamsted Research similarly aims to provide 
the knowledge base and tools to the wheat breeding 
industry to increase wheat yields to 20 t ha–1 in the UK 

within the next 20 years, as discussed by Malcolm Hawksworth 
(Rothamsted Research, Harpenden, Herts, UK) in his paper on 
“Sustainably Achieving 20:20 Wheat”. Much work is still to be 
done to minimize the gap between the current 8 t ha–1 farm gate 
yield and the 20 t ha–1 target, by addressing both abiotic and biotic 
stress limitations in the canopy and the roots, and by optimizing 
nutritional inputs as well as increasing the resilience of the crop to 
extreme weather events. Increased input use, including fertilizers 
and water, must also be considered for sustainability.

In the section on Agriculture and the Environment, a number 
of papers argued that agricultural production had become more 
disconnected from the environment and that this process had 
caused significant environmental damage. In their paper on 
“Future Food: Reconnecting Agriculture and the Environment”, 
Iain Gordon and Scot Ramsay (James Hutton Institute, Invergowrie 
and Aberdeen) suggest a reconnection between agriculture and 
the environment in creating a sustainable and secure high-quality 
food supply. They point out that to feed the increasing population, 
meat production has to double and crop production must increase 
by almost 50%. Protection of the environment can be of great 
benefit but this will have to be achieved in the face of rising costs 
of fuel and fertilizers, a scarcity of resources (soil and water), and 
greater legislation affecting food biosecurity and pesticides. 

A very well received paper was that of Ismail Cakmak (Sabanci 
University, Faculty of Engineering and Natural Sciences, 
Istanbul, Turkey), on “Agricultural Strategies in the Fight 
against Micronutrient Malnutrition”. About 30% of the world 
population is estimated to suffer from micronutrient deficiencies, 
particularly iron (Fe) and zinc (Zn). These deficiencies occur 

Dr. Achim Dobermann, 

Director Rothamsted Research.

Dr. Malcolm Hawkesford, 

Rothamsted Research.

http://www.ipipotash.org/en/videos.php
http://www.ipipotash.org/en/videos.php
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mainly in the developing world and are associated with low 
dietary intake, where cereal-based foods represent major daily 
calorie intake and are inherently low in bioavailable Fe and Zn. 
Crop acquisition of these two micronutrients can be extremely 
low, particularly when growing in calcareous soils that are 
low in soil moisture and organic matter. There are, however, 
various well established agronomic techniques to boost Fe and 
Zn concentrations in cereals. These include soil and/or foliar 
applications of micronutrient-enriched fertilizers, as well as the 
generation of new cereal genotypes rich in bioavailable Fe and Zn. 
Eradication of Fe and Zn micronutrient deficiencies is therefore 
an achievable aim. In this respect, previous field experiments 
directed by Ismail Cakmak in the 1990s on Zn fertilization in 
Turkey have already had an enormous impact in enhancing wheat 
yields. These increases, in some cases as much as tenfold, are 
part of a great success story for wheat cultivation in 4.5 million 
hectares of Central Anatolia. 

A valuable contribution was made by Peter Shewry and colleagues 
(Rothamsted Research) on “Improving the Contribution of 
Wheat to Human Health”. It is well recognized that wheat is 
an important component of a healthy diet. As well as providing 
vitamins, minerals and phytochemicals with bioactive properties, 
it is one of the most important sources of dietary fibre (DF). The 
work of this group centres on arabinoxylan (AX), which is the 
major component of dietary fibre in whole grain and white flour. 
Importantly, it is known that the AX content of flour can vary 
considerably in different sources of wheat. Work was discussed 
in relation to breeding new wheat varieties and additionally using 
bioinformatics and transcriptomics to identify candidate genes 

encoding key enzymes in the synthesis of AX. The research 
also includes collaborative studies to relate the structure and 
properties of AX to specific health benefits.

Following the presentations, time was set aside for general 
discussion, which was wide ranging. All those attending, 
who represented highly diverse backgrounds, recognized the 
huge challenges ahead in responding to a doubling in human 
food demand by 2050. Considering the breadth of conference 
contributions, it was perhaps somewhat surprising that only a 
very few papers dealt specifically with the major plant nutrients, 
and these were devoted to nitrogen (N) with scarcely a mention of 
phosphorus (P) or potassium (K).

In this context, it is worth noting that in 2012, Mueller et al. 
reported in Nature (490:254-257) a global study of fertilizer 
and irrigation requirements that would need to be met in order 
to close yield gaps for the three most important world cereals - 
maize, wheat and rice - in relation to doubling of human food 
production by 2050. Their findings showed that in 73% of the 
underachieving areas worldwide, yield gaps could be closed to 
an acceptable level (a 29% global increase) solely by focusing on 
nutrient inputs. The required increases in N, P and K application 
relative to baseline global consumption were calculated as 18, 16 
and 35% respectively. This higher requirement of K is of interest. 
Adequate K supply ensures the efficient use of both N and P 
fertilizers. It also plays a fundamental role in photosynthesis, 
protein synthesis, plant-water relations, carbohydrate transport 
within the plant, protection against reactive oxygen species 
(ROS) and mitigating abiotic and biotic stresses. 
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Events (cont.)	
IPI Events
July 2015 (date not final)
IPI will conduct a one day Potash Symposium in Tanzania with 
the aim to identify future needs for K research in the country. For 
more details contact Mr. Hillel Magen, IPI Director.

September 2015 (tentative date, not final)
Mark your calendars: IPI will conduct the 2nd Potash 
Symposium in Ethiopia in September 2015. The definite date 
and venue will soon be published on the IPI website. For more 
details contact Mr. Eldad Sokolowski, IPI Coordinator sub-
Saharan Africa. 

International Symposia and Conferences
April 2015
3rd Global Soil Week 2015, 19-23 April 2015, Berlin, Germany. 
See more at the Global Soil Week website. 

July 2015
10th European Conference on Precision Agriculture, 12-16 
July 2015, Volcani Center, Tel-Aviv, Israel. See more on the 
conference website.

October 2015
9th Symposium for the International Society of Root Research 
“Roots Down Under”, 6-9 October 2015, Hotel Realm 
Canberra, Australia. See more on the symposium website.

November 2015
The 2nd World Congress on the Use of Biostimulants in Agri-
culture, 16-19 November 2015, Florence Convention Centre, 
Italy. For more information visit www.biostimulants2015.com.

First quarter 2016
IFA and New Ag International join forces again to organize the 
4th International Conference on Slow- and Controlled-Release 
and Stabilized Fertilizers in China during first quarter 2016. 
For more information go to www.newaginternational.com/index.
php/news/399.

HIGHLIGHTS from the
1st IPI-Ministry of Agriculture-Ethiopian ATA 
joint Symposium:
The Role of Potassium in Cropping 
Systems of sub-Saharan Africa: Current 
Status and Potential for Increasing 
Productivity
4-5 September 2014, Addis Ababa, Ethiopia

The five sessions of the symposium included 
papers describing the development and challenges of agriculture 
in East Africa and, in particular, the fertilizer sector in Ethiopia. 
Evidence was presented from the Ethiopian soil mapping project, 
and important information was shared on the role of potassium in 
soil and plant systems, including data from experiments in potash 
fertilization, both in Ethiopia and other East African countries. 

Publications
IPI has developed two new Infographics dedicated to the following 
subjects:

Potassium and Nitrogen Use Efficiency (NUE)
Balanced fertilization with K is an 
immediate, low-cost tool to achieve 
higher NUE. A gain of 20% in NUE can 
be immediately achieved via balanced 
fertilization with K. Adequate K supply 
increases both N absorption and the 
conversion to amino acids and protein in 
plants, thus improving yield. Balanced 
fertilization with K increases crop yields 
and profits while enhancing NUE, for the 
protection of the environment.

Chloride an Essential Nutrient
Chloride (Cl) is a micronutrient essential 
for plant development. It is required in 
small quantities by all crops.

92% of world potassium fertilizer con-
sumption in agriculture is in the form of 
potassium chloride (KCl).

The infographics are available on our 
website.

For hardcopies of the infographics, please 
contact IPI head office at ipi@ipipotash.org with a return postal 
address. 
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and the Near East. IPI carries out the major part of its work through a network of coordinators that work closely with researchers, government offices, extension and agribusiness. IPI’s mission is to develop 
and promote balanced fertilization for the production of higher yields and more nutritious food, together with ensuring sustainability of production through conservation of soil fertility for future generations.

www.ipipotash.org
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17 Chloride (Cl) is 
a micronutrient 
essential 
for plant  
development. 
It is required in 
small quantities 
by all crops. 

of world potassium fertilizer consumption in 
agriculture is in the form of potassium chloride (KCl).

Cl IN PLANTS
• Cl concentration in plant 

tissue is 0.9-10 mg/g
 dry matter.

• Cl additions
 are an important
 part of nutrient
 management in 

COCONUT
 & OIL PALM.

WATER REGULATION
Cl is involved in regulating the 
release of moisture from leaves, 
enabling plants to minimize 
water loss.

PHOTOSYNTHESIS
Cl is involved in the chemical 
breakdown of water in the 
presence of sunlight, enabling 
plants to make nutrients and 
grow.

TRANSPORT OF NUTRIENTS
Cl supports the transport of 
nutrients such as calcium, 
magnesium and potassium 
within a plant.

92%
DEFICIENCY SYMPTOMS

• Wilting of leaf tips

• Curling of leaflets

• Motting, bronzing and 
chlorosis of leaves

Cl IN SOILS
• Cl salts are soluble, and are 

found in water held in the soil.

• Cl is mobile. It does not bind to 
organic matter or clay and it can 
easily be washed out of the soil 
by rainfall or irrigation.

QUALITY 
Cl improves quality and taste, 
and helps to increase shelf life 
and resistance to pests and 
diseases.

OSMOTIC ADJUSTMENT
Cl enables plant roots to respond 
to changing water availability.  

CO2 O2

O2

O2

K

Ca Mg

Chloride deficiency symptoms in 
wheat by Dr R. Engel, MSU, USA
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Potassium Fertilizer and Other Materials as Countermeasures 
to Reduce Radiocesium Levels in Rice: Results of Urgent 
Experiments in 2011 Responding to the Fukushima Daiichi 
Nuclear Power Plant Accident
Naoto Kato, Nobuharu Kihou, Shigeto Fujimura, Masaharu Ikeba, 
Naruo Miyazaki, Yukio Saito, Tetsuya Eguchi and Sumio Itoh. 
2015. Soil Sci. Plant Nutr. DOI 10.1080/00380768.2014.995584.

Abstract: Huge amounts of radionuclides, particularly 
radiocesium, were discharged from the Fukushima Daiichi 
Nuclear Power Plant (FDNPP), and widespread of contamination 
of the land, including paddy fields, was observed. Because rice is 
a staple food in Japan, contamination of paddy fields is a serious 
problem, and practical countermeasures to reduce radiocesium 
contamination of rice are urgently required. Potassium 
(K) fertilization was previously shown to be an effective 
countermeasure in fields contaminated by the Chernobyl accident, 
but researchers did not study the effects on rice (Oryza sativa L.). 
In the present study, we performed urgent field experiments to 
test the use of K fertilization, as well as other soil amendments, 
to reduce radiocesium contamination of rice. We found that K 
fertilization was an effective and practical countermeasure to 
reduce radiocesium uptake by rice from several soil types in 
Japanese paddy rice culture. Other treatments, including the 
application of expanded vermiculite or manure, were effective, 
and the effect appears to be explained by their K content. Based 
on these results, the recommended level of exchangeable soil 
potassium to lower the radiocesium content of rice to acceptable 
levels is about 200 mg K kg–1 soil before the usual fertilization. 
This K fertilizer application criterion was applied in a wide, 
low-contaminated area from the 2012 cropping season, and 
satisfactory results have been obtained generally.

Potassium Uptake by Corn and Soybean, Recycling to Soil, and 
Impact on Soil Test Potassium
Oltmans, R.R., and A.P. Mallarino. 2014. Soil Sci. Soc. Amer. J. 
79(1):314-327. DOI 10.2136/sssaj2014.07.0272.

Abstract: Research is needed to quantify better plant nutrients 
recycling to the soil. This study investigated K recycling by 
corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] from 
physiological maturity (PM) to spring. Aboveground plant 

Publication by the
 
 

Soil Texture and pH Effects on Potash and Phosphorus Availability. 
Dr Paul Hargreaves, SRUC, Crichton, Dumfries. 

The application, use, efficiency and loss of nutrients including K and P can vary with soil
type. Soil type is generally determined by the texture of the soil, which is a measure of the
proportions of the following three particles: sand, classified as having a particle size 
between 0.05mm and 2.0mm, silt 0.05mm to 0.002 mm and clay <0.002mm. The soil
texture triangle shown in Figure 1 is an indication of the proportions of sand, silt and clay 
found in different soil types as determined by laboratory analysis. 

Figure 1. Soil texture triangle. 

As the amounts of the three particles vary, 
the texture and potential ability of the soil
to support various crops will change. A 
light sandy soil containing a greater 
proportion of sand particles will be more 
freely draining, as the larger sand
particles leave gaps that allow the water 
to flow through more easily than a heavier 
clay soil with finer particles and reduced 
space for water movement. 

Potassium (K) salts dissolve easily and
the K ions in solution diffuse through the
soil from areas of high K concentrations to 
areas of low K concentrations. The
rhizosphere, the area of soil around the 
surface of crop roots, usually has low K 
concentrations due to the uptake of K ions 
from the soil solution into the roots. The 
moisture content of the soil is important 
for the successful movement of K for use 
by the crop; the wetter the soil the more 
mobile the K ions will be. 

a)   Heavy soils are those that contain more clay and these tend to have large reserves 
of K, which are available to the crop and produce higher soil K indices on analysis.
However, some of these large reserves of K can be held by the lattice structure of 
the clay minerals and are only slowly released over time.  

Some clay soils contain high levels of potash and their clay minerals can release K 
into available forms for crop uptake each year. eg. 50kg K2O/ha. Hence they need 
less K applied. Examples of these potash releasing clays are: Chalky boulder clay, 

January 2015

Soil Texture and pH Effects on Potash and 
Phosphorus Availability
POTASH News, January 2015.

The application, use, efficiency and loss of 
nutrients including K and P can vary with 
soil type. Soil type is generally determined 
by the texture of the soil, which is a 
measure of the proportions of the following 
three particles: sand, classified as having a 

particle size between 0.05 mm and 2.0 mm, silt 0.05 mm to 0.002 
mm and clay <0.002 mm. Read more on the PDA website.

Potash Development Association (PDA) is an independent organisation formed 
in 1984 to provide technical information and advice in the UK on soil fertility, 
plant nutrition and fertilizer use with particular emphasis on potash. See also 
www.pda.org.uk.

钾素与氮肥利用率
施钾对提高氮肥利用率的作用

Potassium and Nitrogen Use Efficiency 
Role of potassium in improving nitrogen use 
efficiency

This publication in Chinese is now available 
for download from the IPI website. You can 
order hardcopies from Dr. Tian Youguo, 
NATESC, Ministry of Agriculture, China.

Managing Water and Fertilizer for 
Sustainable Agricultural Intensification 

Drechsel, P., P. Heffer, H. Magen, 
R. Mikkelsen, and D. Wichelns. Published 
by IFA, IWMI, IPNI and IPI. 270 p. First 
edition, Paris, France, January 2015.

A reference guide to improve general 
understanding of the best management 
practices for the use of water and fertilizers 

throughout the world to enhance crop production, improve farm 
profitability and resource efficiency, and reduce environmental 
impacts related to crop production.

This publication is available on the IPI website as a pdf for 
download. For hardcopies, please contact ipi@ipipotash.org.

The symposium also delivered new fertilizer recommendations 
for the continent, informed by the latest developments in soil 
analysis.

This publication is available on the IPI website as a pdf for 
download. For hardcopies, please contact Mr. Eldad Sokolowski, 
IPI Coordinator sub-Saharan Africa.
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samples were collected from 19 Iowa K field response trials (33 
sites years for corn and 14 for soybean). Dry matter (DM) yield 
and K accumulation were measured in vegetative tissue at PM, in 
all tissues at grain harvest, and in residue four times until spring. 
Soil test K (STK) was measured at grain harvest each year and 
in the last 2 yr the following spring. On average, K accumulation 
in grain or residue at harvest was 68 and 34 kg K ha−1 in soybean 
and 29 and 52 kg K ha−1 in corn. The K accumulation increase 
from fertilization was more frequent and greater in residue 
than in grain (60 and 9% for soybean and 57 and 7% for corn). 
Potassium accumulated in vegetative tissue at PM that remained 
in residue 2 mo after harvest was 50% in corn and 19% in soybean 
and decreased to 31 and 12% by April. The K loss decreased as 
precipitation increased (R2 0.64 for soybean and 0.38 for corn) 
and affected more the K loss in soybean than corn. Soil test K 
increased from fall to spring, and the increase was related to 
the K lost from residue (R2 0.56 in soybean and 0.16 in corn). 
Crop type and precipitation strongly influenced K recycling and 
affected STK temporal variation.

Wheat Responses to Sodium Vary with Potassium Use Efficiency 
of Cultivars
Krishnasamy, K., R. Bell, and Q. Ma. 2014. Front. Plant Sci. 
DOI 10.3389/fpls.2014.00631.

Abstract: The role of varied sodium (Na) supply in K nutrition 
of wheat (Triticum aestivum L.) is not well understood especially 
among cultivars differing in K efficiency. We examined the 
response of K-efficient and K-inefficient Australian wheat 
cultivars to Na supply (low to high Na) under K-deficient 
and K-adequate conditions. In a pot experiment, wheat cvv 
Wyalkatchem, Cranbrook (K-efficient), and cvv Gutha, Gamenya 
(K-inefficient) were grown for 8 weeks in a sandy soil containing 
40 or 100 mg K/kg in combination with nil, 25, 50, 100, or 200 mg 
Na/kg. High soil Na levels (100, 200 mg Na/kg) greatly reduced 
plant growth in all four cultivars especially at low soil K (40 mg 
K/kg). By contrast, low to moderate soil Na levels (25, 50 mg 
Na/kg) stimulated root dry weight at low K supply, particularly 
in K-efficient cultivars compared with K-inefficient cultivars. At 
low K supply, low to moderate Na failed to increase shoot Na to a 
concentration where substitution of K would be feasible. However, 
low to moderate Na supply increased shoot K concentration 
and content in all four wheat cultivars, and it increased leaf 
photosynthesis and stomatal conductance to measured values 
similar to those under adequate K and nil Na conditions. The 
results showed that low to moderate Na stimulated K uptake by 
wheat particularly in K-efficient cultivars and through increased 
shoot K enhanced the photosynthesis. We conclude that increased 
photosynthesis supplied more assimilates that led to increased 
root growth and that greater root growth response of K-efficient 
cultivars is related to their greater K-utilization efficiency. 

However, the process by which low to moderate Na increased 
shoot K content warrants further investigation.

Expression Level of the Sodium Transporter Gene OsHKT2;1 
Determines Sodium Accumulation of Rice Cultivars under 
Potassium-Deficient Conditions
Takuji Miyamoto, Kumiko Ochiai, Yasunori Nonoue, Kazuki 
Matsubara, Masahiro Yano, and Toru Matoh. 2015. Soil Sci. Plant 
Nutr. DOI 10.1080/00380768.2015.1005539.

Abstract: Under potassium (K)-deficient conditions, rice 
(Oryza sativa L.) actively takes up and utilizes sodium (Na) 
as an alternative element to K. In this study, we cloned a gene 
responsible for cultivar differences in shoot Na accumulation 
using a map-based cloning method. The responsible gene 
OsHKT2;1 encodes an Na transporter associated with Na uptake 
in root tissues, and its expression level was positively correlated 
with Na uptake potential in 11 rice cultivars. We found that 
OsHKT2;1 overexpression promoted shoot Na accumulation 
under low K supply and proposed that OsHKT2;1 expression level 
is a key factor in the Na accumulation potential in rice cultivars. 
However, under sufficient K supply, OsHKT2;1-overexpressing 
rice plants accumulated Na in roots but not in shoots. This result 
suggests that Na transfer from root to shoot may be regulated by 
another Na transporter.

Exchangeable Cs/K Ratio in Soil is an Index to Estimate 
Accumulation of Radioactive and Stable Cs in Rice Plant
Motohiko Kondo, Hideo Maeda, Akitoshi Goto, Hiroshi 
Nakano, Nobuharu Kiho, Tomoyuki Makino, Mutsuto Sato, 
Shigeto Fujimura, Tetsuya Eguchi, Mayumi Hachinohe, Shioka 
Hamamatsu, Hirotaka Ihara, Toshiyuki Takai, Yumiko Arai-
Sanoh, and Takeshi Kimura. 2014. Soil Sci. Plant Nutr. 61(1):133-143. 
DOI 10.1080/00380768.2014.973347.

Abstract: Pot and field experiments were conducted to clarify 
the effect of soil exchangeable potassium (K) and cesium-137 
(137Cs) on 137Cs accumulation and to establish soil index in rice 
(Oryza sativa L.). Four paddy soils in Fukushima Prefecture, 
Japan, showing different transfer factors for radioactive Cs 
derived from the accident of Fukushima Daiichi Nuclear Power 
Station in the field were compared in terms of 137Cs accumulation 
in rice in a pot experiment. 137Cs accumulation in shoots and 
brown rice widely varied among soils with the transfer factor 
ranging from 0.018 to 0.068 for shoots and 0.004 to 0.065 for 
brown rice. 137Cs concentration in brown rice and shoots tended 
to decrease with higher levels of soil exchangeable K, and they 
were more closely related to the exchangeable Cs/K ratio. Similar 
relationships between the Cs/K ratio and Cs accumulation in 
plants were obtained for the stable isotope cesium-133 (133Cs). 

http://journal.frontiersin.org/article/10.3389/fpls.2014.00631/full
http://www.tandfonline.com/doi/abs/10.1080/00380768.2015.1005539#.VNpXtreKDIU
http://www.tandfonline.com/doi/abs/10.1080/00380768.2015.1005539#.VNpXtreKDIU
http://www.tandfonline.com/doi/abs/10.1080/00380768.2014.973347#.VNpYpLeKDIU
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The distributions of 137Cs and 133Cs in grains were also similar 
and variable among soils. The transfer factors obtained in pot 
experiments mostly agreed with field observations. The results 
imply that the exchangeable 137Cs/K can be a potential soil index 
to estimate 137Cs accumulation in rice.

Comparative Analysis of the Relationship between Cs and K in 
Soil and Plant Parts Toward Control of Cs Accumulation in Rice
Motohiko Kondo, Tomoyuki Makino, Tetsuya Eguchi, Akitoshi 
Goto, Hiroshi Nakano, Toshiyuki Takai, Yumiko Arai-Sanoh, 
and Takeshi Kimura. 2014. Soil Sci. Plant Nutr. 61(1):144-151.

Abstract: The effect of soil exchangeable potassium (K) and 
cesium (Cs) levels on Cs uptake and accumulation in different 
parts of rice (Oryza sativa L.) plants were examined using paddy 
soils with diverse exchangeable K and Cs in pot experiments. 
Aboveground Cs uptake decreased with higher exchangeable 
K and was linearly correlated with exchangeable Cs/K ratios, 
indicating competitive absorption of these elements by roots. 
Variation in Cs concentration in brown rice among soils was also 
related to the exchangeable Cs/K ratio. The exchangeable Cs/K 
ratio was positively reflected in the Cs/K concentration ratio in 
each plant part, with a specific slope, suggesting that Cs transport 
was coordinated with K transport and that there were regulated 
discriminations of Cs against K in the translocation process 
among parts. The Cs/K ratio was higher in brown rice and dead 
leaves than in active leaves, stems and husks. The distribution of 
Cs accumulation in brown rice was 14.5% on average, but it was 
variable and negatively related to K concentration in the stem. 
The Cs distribution in aboveground plant parts also decreased 
with higher K concentration in the root. These results imply the 
importance of the competitiveness with K in the root absorption 
and translocation of Cs within the plant. Based on the observed 
relationship between Cs and K, effective K management and other 
measures to control Cs accumulation in plant parts are discussed.

Growth, Photosynthesis, Solute Accumulation, and Ion Balance 
of Tomato Plant under Sodium- or Potassium-Salt Stress and 
Alkali Stress
Xiaoping Wang, Shujuan Geng, Yiqiao Ma, Decheng Shi, 
Chunwu Yang, and Huan Wang. 2015. Agron. J. 107(2):651-661. 
DOI 10.2134/agronj14.0344.

Abstract: In this study, tomato (Lycopersicon esculentum Mill.) 
plant seedlings were subjected to Na- or K-salt stress and Na- or 
K-alkali stress. The growth, photosynthesis, and concentrations 
of solutes and inorganic ions in dry samples of stressed seedlings 
were measured to identify the physiological adaptive mechanisms 

by which tomato plants tolerate alkali stresses. The results showed 
that alkali stresses (Na- and K-alkali stresses) significantly 
inhibited growth and photosynthesis, and the inhibitory effects 
of K-salt stress on photosynthesis were greater for Na-salt stress. 
The ions accumulation and balance were closely related to types 
of salts which were applied to. Under Na-salt stress, Na+, K+ and 
Cl– were the main osmolytes in both the roots and leaves, whereas 
K-salt stress decreased the contribution of Na+ and increased the 
contribution of K+. In the stems, the contribution of NO3

– increased 
under all stresses. Compared to salt stresses, the alkali stresses 
decreased the contribution of Cl– and increased the contribution 
of organic acids (OAs) in the stems and leaves. However, the 
roots revealed a different mechanism of ion accumulation and 
governing ionic balance. In addition to Na+, K+ and OAs, the 
contributions of Ca2+ and Mg2+ should not be ignored. Although 
K and Na possess similar atomic characteristic, consisting with 
osmotic or high-pH stress, they showed a distinct effect on plant 
photosynthesis and ion accumulation.

Nutrient Uptake, Partitioning, and Remobilization in Modern 
Soybean Varieties
Bender, R.R., J.W. Haegele, and F.E. Below. 2015. Agron. J. 
107(2):563-573. DOI 10.2134/agronj14.0435.

Abstract: The absence of recent data regarding the nutritional 
needs of modern soybean [Glycine max (L.) Merr.] production 
systems necessitates a greater comprehensive understanding of 
nutrient uptake, partitioning, and remobilization. The objective of 
this study was to evaluate macro- and micronutrient accumulation 
and partitioning in current soybean cultivars. Across 3 site-years, 
plants were sampled at seven growth stages and divided into 
four plant tissue fractions for quantification of nutrient uptake. 
Accumulation (per ha) of 275 kg N, 21 kg P (48 kg P2O5), 172 kg 
K (207 kg K2O), 113 kg Ca, 50 kg Mg, 19 kg S, 335 g Zn, 371 g 
Mn, 325 g B, 849 g Fe, and 63 g Cu were required to produce 
approximately 3500 and 9500 kg ha–1 of grain and total biomass, 
respectively. Supplemental fertility modestly increased biomass 
and yield (2%), but did not alter nutrient partitioning or harvest 
index. Nutrients with high harvest index (i.e., percentage of total 
nutrient accumulation partitioned to grain) values included P 
(81%), N (73%), Cu (62%), and S (61%), which may serve as a 
limitation to high yield. Seasonal patterns of nutrient accumulation 
suggested that K and Fe were acquired primarily during late 
vegetative growth while the uptake of N, P, Ca, Mg, S, Zn, Mn, 
B, and Cu were more equally distributed between vegetative and 
seed-filling growth phases. These results document the rate and 
duration of macro- and micronutrient accumulation in soybean, 
and highlight the importance of adequate nutrient availability 
during key crop growth periods.

http://www.tandfonline.com/doi/abs/10.1080/00380768.2014.973348#.VNpYqbeKDIU
https://dl.sciencesocieties.org/publications/aj/abstracts/107/2/651
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Potassium Fertilization: Paradox or K Management Dilemma?
Bar-Yosef, B., H. Magen, A.E. Johnston, and E.A. Kirkby. 2015. 
Cambridge Journals. Renewable Agriculture and Food Systems 
30(2):115-119.

Abstract: In 2014, Khan et al. presented evidence that soil 
exchangeable K (Exch-K) increases over time without addition of 
potassium (K) to the soil despite the removal of K in crops on a soil 
rich in montmorillonite and illite. The authors term this behavior 
‘The potassium paradox’. From their review of the literature, the 
authors also report a lack of crop response to potassium chloride 
(KCl) fertilization. Close evaluation of these findings reveals 
that their observations can be interpreted and predicted using 
current knowledge of K in soil chemistry and its uptake by plants, 
and there is no paradox in K behavior in the soil-plant system. 
There is also no evidence of a detrimental effect of KCl on crop 
yield or quality. Their conclusion that the widely used Exch-K 
soil test is inadequate for managing K fertilization is discussed 
and some possible modifications to improve its performance are 
included. We believe that measurement of Exch-K is an essential 
and valuable tool and its use should be continued, along with 
improvements in recommending K fertilizer application.
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