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Agronomic biofortification of staple food crops with micronutrients important for human nutrition, such as 
selenium (Se), is currently being advocated to address widespread deficiencies in the diets of populations 

in sub-Saharan Africa. Previous research has shown that there is likely to be widespread dietary Se 
deficiency in Malawi due to low concentration of Se in edible parts of the staple crops, such as maize (Zea 

mays L), on low-pH soils, but that this could be addressed through agronomic biofortification using Se-
enriched fertilisers. Farmers often intercrop maize with legumes such as groundnut (Arachis hypogaea) 
and soybean (Glycine max). Therefore, a field study during the 2012/2013 cropping season examined the 

effect of foliar application of Se on its concentration in grains and stover of maize, soybean and groundnut 
grown as intercrops or sole crops at three sites in Malawi. Mean Se concentrations were highest in 

soybean seed, followed by groundnut seed and maize grain, both in plots with added Se and without. 
Application of 10 g ha-1 of Se increased Se concentration in maize grain by 8-fold, in groundnut seed by 9-

fold and in soybean seed by 18-fold; thus universal adoption could increase estimated average dietary Se 

supply in Malawi from between 21 and 31 µg cap-1 d-1 to between 68 and 78 µg cap-1 d-1. 
 
Key words: Selenium, intercropping, food security, hidden hunger, biofortification, fertilizers, mineral micronutrient 

deficiencies. 

 
INTRODUCTION 
 
SeleniumThe element selenium (Se) is an essential 

element   in the   nutrition   of   nutrient    for    humans 

and   livestock.    A   total of 25 selenoproteins have been  
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identified in humans including iodothyronine deiodinases, 

thioredoxin   reductases,  glutathione  peroxidases  and a 

range of other selenoproteins, with critical roles in thyroid 

functioning, cell proliferation, antioxidant defence and the 

immune response (Fairweather-Tait et al., 2011). Chronic 

and extremely low levels of Se intake leading to 

concentrations in blood  plasma  levels  of  <20-40  µg L-1 
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are thought to be a major underlying cause of Keshan 
disease (a cardiomyopathy) and Kashin-Beck disease (an 
osteoarthropathy). Moderate deficiencies (blood plasma 

<100 µg L-1) resulting from low dietary intakes or 

malabsorption and high losses of Se (e.g. due to infection 
such as HIV) can cause immune dysfunction and 
increased viral pathogenicity and low Se intakes have 
been associated with certain cardiovascular disorders 
and cancers (Beck, 2007; Fairweather-Tait et al., 2011).  

Suboptimal dietary Se intake is likely to be widespread 
in Malawi due to limited phytoavailability of Se in the 
predominant low -pH soils, and narrow food choices 
including limited animal-source products (Eick et al., 
2009; Chilimba et al., 2011; Gibson et al., 2011). Through 
analysis of composite diet samples, Hurst et al. (2013) 
found median intake of Se for adult women in rural 
Malawi of just 6.8 µg cap-1 d-1 (median absolute 
deviation, MAD=2.9, range=1.1-62.3, n=56) in an area of 

low-pH soils but 55.3 µg cap-1 d-1 (MAD=25.9, 
range=5.8-192, n=58) in an area of calcareous soils with 
pH >6.5. This compares to the adult female estimated 

average requirement (EAR) of 45 µg d-1 (IOM, 2000). The 
EAR is the average daily nutrient intake that meets the 
requirements of 50 percent of apparently healthy 
individuals in a particular age and sex group. 

  
Chilimba et al. (2012) reported a linear response in 

maize grain and stover Se concentration to selenium 
application using a variety of application methods and 

rates (R2 > 0.90). For each g ha-1 of Se applied, the Se 

concentration increased by 11-29 and 3-21 µg kg -1 in 
grain and stover, respectively. Annual application of 5 g 

ha−1 of Se to maize crops grown on low-pH soils in 
Malawi would raise average dietary Se supply by 26-37 

µg person-1 d-1, greatly reducing risks of dietary Se 
deficiency. Agronomic biofortification via Se-enriched 
fertilisers might therefore be a cost-effective way to 
address widespread Se deficiency in Malawi, and could 
follow the policy-precedent of Finland which has 
successfully increased dietary Se intake through Se 
biofortification of major crops since 1984 (Eurola et al., 
2004; Eurola, 2005; Lyons et al., 2005; Broadley et al., 
2006; White and Broadley, 2009; Broadley et al., 2010; 

Alfthan, 2013).  
Current knowledge suggests that Se recovery by crops 

is inefficient and applied Se is likely to be rapidly leached 
as soluble selenate (SeVIO42-), adsorbed as selenite 

(SeIVO3
2-; pK2 = 7.3) or immobilised into organic forms 

(Mayland et al., 1991; Fordyce, 2013; Gabos et al., 
2014). For example, Sager and Hoesch (2006) reported 
that between 0.7 and 4.7% of applied Se was transferred 
to barley grain. Chilimba et al., (2012) observed recovery 
rates in maize grain of 6.5 and 10.8% after applying 10 g 

Se ha−1 at two contrasting sites in Malawi, but in the 

subsequent residual year < 0.1% of the original Se 
application was recovered in the crop. These studies 
were conducted using sole crops, whereas many 
smallholder farmers in Malawi intercrop maize  with  other 

 

 
 
 
 
species including legumes and root and tuber crops. It is 

likely that Se recovery by different crops will differ and 
suspected that intercropping systems may also influence 

Se recovery by individual species. The objectives of this 
study were (i) to determine Se concentration in grains 

and stover of crops grown in sole and intercropping 
systems with, and without, application of Se-enriched 
fertiliser, and (ii) to evaluate the effectiveness of different 

cropping systems in recovering applied Se. 

 
MATERIALS AND METHODS 
 
Experiments were conducted during the 2012/13 growing season at 
three research stations of the Malawi Ministry of Agriculture and 
Food Security: Chitedze Research Station, Zombwe Extension 
Planning Area and Lunyangwa Research Station (Table 1). The 
experimental treatments consisted of five cropping systems: 
monocrop maize, monocrop groundnuts, monocrop soybean, 
intercrop maize/groundnuts and intercrop maize/soybean. There 

were two application rates of Se: 0 and 10 g ha-1. The experimental 

plots were laid out in a randomised complete block design with 
three replicates. The gross plots contained four ridges of 30 cm 
height, spaced 75 cm apart and 5 m long. The net plot data were 
collected comprised 4 m lengths of the two central ridges.  

Maize (variety SC627) was used with four seeds per planting 
station at 75 cm intervals along the ridges, thinned to three plants 
per planting station after emergence. Soybean (variety Ocepara-4) 
was used with one seed per planting station at 2.5 cm intervals 
along the ridges. Rhizobia inoculation was achieved by preparing a 
mixture of 200 ml of 5% sugar solution and one 50 g sachet of 
rhizobium inoculant to form a slurry which was poured over the 
soybean seed and mixed until all seeds were evenly covered; 
planting of the seed was undertaken on the same day. Groundnut 
(variety CG7) was used with one seed per planting station at 15 cm 
intervals along the ridges. Planting spacing for intercrops was 
identical to the corresponding sole crop. Seeds of the intercropped 
species were planted between the maize planting stations. 

The Malawi national fertiliser recommendation was used with 

base application of N, P2O5 and K2O (46, 20 and 10 kg ha-1) soon 
after seed emergence using a 23:10:5 +3S fertiliser and a top 

dressing of urea at 46kg N ha-1 applied two weeks after basal 
dressing (Table 1). Sodium selenate (Na2SeO4(aq)) solution 

containing 15.0 mg L-1 of Se was applied to the gross plot area at 
early stem extension stage (~‘knee high’). To ensure even  
application to the crop, the Na2SeO4(aq) was applied as a high-
volume drench (667 ha-1 of water) using a knapsack sprayer, with 
the operator wearing personal protective equipment of overalls, 
boots, face-shield and nitrile gloves (Broadley et al., 2010). A 16 L 
Berthoud Vermorel 2000Pro knapsack tank (Exel GSA, Villefanche-
sur-Saône, France) was connected to a 1 m boom, housing three 
Lurmark 110°, flat-fan spray nozzles (Hypro EU Ltd, Longstanton, 
Cambridge, UK), spaced equally, with a spray-swath of 1.5 m. A 

coarse nozzle type “08 white” was used (1180 ml nozzle-1 min-1; 
British Crop Protection Council, 2001) to minimise potential for 
aerosol drift. Ergonomically acceptable drench rates were calibrated 
to treat four replicate plots from a single tank at appropriate walking 
speed with two passes. 

Maize and legumes were harvested and weighted to determine 

biomass and grain yield when the crop was mature and had dried in 

the field to a moisture content of approximately 15%. Sub-samples 

of biomass and grain were collected and dried in drying ovens at 

Lunyangwa and Chitedze research stations at 65 °C for 24 h in 

preparation for elemental analyses including Se. grainWhole grains 

and stover were milled in a kitchen blender before shipping to the 

UK. Samples (∼0.4 g dry weight, DW) were digested with 



 
 
 

 
microwave heating for 45 min at a controlled pressure of 2 MPa in 
3.0 ml of 70% trace analysis grade (TAG) HNO3, 2.0 ml H2O2 and 
3.0 ml Milli-Q water (Fisher Scientific UK Ltd, Loughborough, 
Leicestershire, UK). The microwave system comprised a Multiwave 
3000 platform with a 48-vessel 48MF50 rotor (Anton Paar GmbH, 
Graz, Austria). Samples were digested in vessels comprising 
perfluoroalkoxy (PFA) liner material and polyethylethylketone 
(PEEK) pressure jackets (Anton Paar GmbH). Digested samples 
were diluted to 20 ml (30% HNO3) with Milli-Q water (18.2 MΩ cm) 
and stored at room temperature pending elemental analysis. 
Immediately prior to analysis, samples were diluted 1-in-10 with 
Milli-Q water. Selenium (78Se) analysis was undertaken by ICP-MS 
(X-SeriesII, Thermo Fisher Scientific Inc., Waltham, MA, USA) 
using a hydrogen reaction cell. Samples were introduced from an 
autosampler (Cetac ASX-520, Omaha, NE, USA) with 4 × 60-place 
sample racks, at 1 ml min−1 through a concentric glass venturi 
nebuliser and Peltier-cooled (3°C) spray chamber (Thermo Fisher 
Scientific Inc.). Internal standards introduced to the sample stream 
via a T-piece included Ge and Rh (10 µg L −1) in 2% TAG HNO3 
and 2% methanol to enhance Se ionization in the plasma. An 
external wheat flour standard (NIST 1567a; National Institute of 
Standards and Technology, Gaithersburg, MD, USA) was used as 
reference material. Each digestion batch (n=48) included two blank 
digestions and two certified reference samples; final Se 
concentrations were converted to mg kg−1 DW.  

Statistical analysis was conducted in GenStat (V.16.1.10916, 
VSN International, Hemel Hempstead, UK). ANOVA was performed 

to determine the influence of Se application, crop-type, site and 
intercropping versus monocropping on Se concentrations in plant 
tissues. Data were not transformed prior to ANOVA on the basis of 
visual inspection and a Shapiro-Wilk test for normality. The 
efficiency of recovery (RSe, %) of exogenous Se for each crop 
component was calculated as: 
 
 
 

 
Where: Y = fresh-weight yield of the crop component (kg ha-1); M = 
moisture content (proportion) of the crop component;  

CSe = Se concentration in crop component (mg kg-1 DW) with 
exogenous Se application; C0 = Se concentration in the crop 

component (mg kg-1 DW) without exogenous Se application; FSe = 

rate of exogenous Se application (mg ha-1).  
Recovery efficiency of plots was calculated as the sum of crop 

components. For calculation of rates of recovery, maize grain 

moisture content was assumed to be 15%, the national standard for 
moisture level at harvest. USDA moisture content data (USDA-
ARS, 2013) was used for groundnut (6.91%, “Peanuts, virginia, 

raw”) and soybean (8.54%, “Soybeans, mature seeds, raw”). 
Moisture content of 15% was assumed for stover of all crop types. 

 
RESULTS AND DISCUSSION 
 
Some samples were excluded from Se analysis due to 
low yield; termite damage contributed to missing samples 
of soybean biomass. Yield data was combined across 

sites to form average yields for each crop. Three samples 
(two soybean seed and one groundnut seed from plots 

without Se application) were identified as outliers, defined 
as Se concentration in excess of three standard 
deviations from the mean. These samples were 

presumed to be contaminated, either in the field or post-
harvest, so were excluded from  statistical   analysis.  The 
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influence of exogenous Se application, crop-type, site 
and intercropping versus monocropping was tested using 
ANOVA (unbalanced design; Table 1). 

Application of Se at 10 g ha-1 significantly increased Se 

concentration in crops p<0.001; Tables 2 and 3). There 
were also significant differences in Se concentration 
between crop types (p<0.001 but not between sites 
(p=0.242; Tables 2 and 3). The ANOVA detected a 
significant influence of intercropping on Se concentration 
at the 95% level (p=0.038), with crops from intercropped 
plots having higher mean Se concentration. This might 
have been due to the denser and more varied canopy 
cover of intercrop versus monocrop stands which could 
have spread the arrival of exogenous Se to the root zone, 
effectively slowing the rate of Se and deposition to the 
soil surface and thereby increasing opportunity for root-
uptake prior to Se being leached, immobilised into 
organic forms or strongly adsorbed as selenite following 
reduction in the soil. Greater foliar interception may also 
have increased the amount of foliar absorption through 
the leaf epidermis. However, further investigation for each 
crop-type at both Se application rates using two - sample 
t-tests did not find significant differences at the 95% level 
between samples that were intercropped versus those 
that were monocropped. Sample sizes may have been 
insufficient.  

Mean Se concentrations at 0 g ha-1 Se application rate 

were highest in groundnut stover (0.0648 mg kg-1, n=6, 
SD=0.0221; Table 3 and Figure 1) followed by soybean 
seed (0.0453 mg kg-1, SD=0.0167, n=17), groundnut 

seed (0.0437 mg kg-1, SD=0.0200, n=17), maize stover 

(0.0234 mg kg-1, SD=0.0125, n=12) and maize grain 

(0.0135 mg kg-1, SD=0.00505, n=32). With Se application 

of 10 g ha-1, mean Se concentration increased 5-fold in 

groundnut stover (0.347 mg kg-1, SD=0.130, n=6; Table 3 

and Figure 1), 18-fold in soybean seed (0.813 mg kg-1, 

SD=0.364, n=18), 9-fold in groundnut seed (0.415 mg kg-

1, SD=0.210, n=18), 3-fold in maize stover (0.0791 mg 

kg-1, SD=0.0547, n=12) and 8-fold in maize grain (0.113 

mg kg-1, SD=0.0678, n=36). Thus, Se application of 10 g 

ha-1 raised Se concentration in maize grain and stover by 

0.0995 and 0.0557 mg kg-1, respectively. This is 
consistent with the study of Chilimba et al. (2012) who 
found that each g ha−1 of Se applied as Na2SeO4 (aq) 
increased Se concentration in maize grain and stover by 
0.011 to 0.029 and 0.003 to 0.021 mg kg−1 respectively.  

Application of Se did not significantly affect yield of any 
crop. However, mean maize stover yield in intercropped 

plots (2,640 kg ha-1, SD=1550, n=18) was less than sole-

cropped maize (4,210 kg ha-1, SD=1730, n=26) 
(t(24)=2.30, p=0.030), mean maize grain yield in 

intercropped plots (1,940 kg ha-1, SD=1050, n=18) was 

less than that in sole-cropped maize (3,120 kg ha-1, 
SD=1260, n=24) (t(22)=2.14, p=0.044), and mean 

groundnut seed yield in intercropped plots (551 kg ha-1, 
SD=89.5, n=6) was less than that in sole-cropped 

groundnut   (908   kg   ha-1,    SD= 242,  n=11) (t(9)=3.63, 
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Table 1. Site location and soil characteristics. 
 
 Location (°)  a Texture c dSoil Se concentration Fertiliser applied (kg ha-1)f 

Site (Lat., Long.) Soil type  classb pH   OM (%) (mg kg-1)e N P2O5 K2O  
Chitedze −13.98, 33.63 Chromic luvisol scl 5.2 
Zombwe -11.32, 33.83 Lixisol scl 5.8 
Lunyangwa -11.43, 34.05 Ferralsol scl 5.0 

  
2.03 0.350 92 20 10 
n.d. 0.200 92 20 10 
n.d. 0.100 92 20 10  

aFAO classification (Green and Nanthambwe, 1992); bscl = sandy clay loam; cMeasured in water; dLoss on ignition. n.d. = no data; eTotal soil Se 

measured by XRF; fNPK (base, 23:10:5 + 3S) and N (top, urea) 
 
 

Table 2. ANOVA to test the influence of Se application, crop-type, site and intercropping versus monocropping on crop Se 

concentration. 
 
   Change  d.f. s.s. m.s. v.r. F pr. 

 

   + Se_rate  1 3.74 3.74 303 <0.001  
 

   + Crop_type  4 3.81 0.95 77.0 <0.001  
 

   + Site  2 0.04 0.02 1.43 0.242  
 

   + Intercrop_yes/no 1 0.05 0.05 4.38 0.038  
 

   + Se_rate. Crop_type 4 3.20 0.80 64.8 <0.001  
 

   + Se_rate.Site  2 0.12 0.06 5.01 0.008  
 

   + Crop_type.Site  7 0.72 0.10 8.31 <0.001  
 

   + Se_rate.Intercrop_ yes/no 1 0.01 0.01 0.86 0.355  
 

   + Crop type.Intercrop_ yes/no 4 0.02 0.00 0.38 0.821  
 

   + Site.Intercrop_y/n 2 0.00 0.00 0.05 0.952  
 

   + Se_rate. Crop_type.Site 3 0.34 0.12 9.29 <0.001  
 

   + Se_rate. Crop_type.Intercrop_ yes/no 4 0.02453 0.00613 0.50 0.738  
 

   + Se_rate.Site.Intercrop_ yes/no 2 0.00016 0.00008 0.01 0.993  
 

   + Crop_type.Site.Intercrop_ yes/no 5 0.14434 0.02887 2.34 0.045  
 

   Residual  131 1.61888 0.01236    
 

   Total  173 13.84570 0.08003    
 

 Table 3. Selenium (Se) concentrations (dry-weight, DW) in crop components at Se application rates 0 and 10 g ha-1.   
 

        
 

 
Se application (g ha-1) Crop component n 

 Se concentration (mg kg-1 DW) 
 

 Mean SD Min Max  

       

 0 Maize grain 32 0.0135 0.00505 0.00415 0.0262 
 

 0 Maize stover 12 0.0234 0.0125 0.0107 0.0504 
 

 0 Groundnut seed 17 0.0437 0.0200 0.0216 0.0930 
 

 0 Groundnut stover 6 0.0648 0.0221 0.0438 0.106 
 

 0 Soybean seed 17 0.0454 0.0167 0.0262 0.0947 
 

 10 Maize grain 36 0.113 0.0678 0.00669 0.301 
 

 10 Maize stover 12 0.0791 0.0547 0.0418 0.241 
 

 10 Groundnut seed 18 0.415 0.210 0.0295 0.837 
 

 10 Groundnut stover 6 0.347 0.130 0.208 0.563 
 

 10 Soybean seed 18 0.813 0.364 0.264 1.55 
 



218     Afr. J. Agric. 
 
 

 
Crop type 

 
M.G       Se rate 

 

M.St 
      (g ha 

-1
) 

 

       0 
 

G.S 
       10 

 

        
 

G.St         
 

S.S         
 

M.G         
 

M.St         
 

G.S         
 

G.St         
 

S.S         
 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
  

Se concentration (mg kg
-1

 ) 
 

Figure 1. Selenium (Se) concentration in dried maize grain (M.G), maize stover 

(M.St), groundnut seed (G.S), groundnut stover (G.St) and soybean seed (S.S) at 

Se application rates of 0 and 10 g ha-1. Boxes represent Q1, Q2 and Q3; whiskers 

represent 10th and 90th percentiles. 
 
 
 

Table 4. Proportional recovery (RSe, %) of Se following application of 10 g ha-1 in maize, groundnut, soybean and pigeon pea 

under contrasting cropping systems. 
 

     Constituent component   
 

 
Cropping system 

Maize Maize G’nut G’nut Soybean Soybean 
TOTAL  

 grain stover seed stover seed stover  

   
 

     Rse (%)    
 

 Maize sole 2.64 1.99     4.63 
 

 G’nut sole   3.14 11.55   14.69 
 

 Soybean sole     7.41 n.d. n.d. 
 

 Maize/g’nut 1.64 1.25 1.91 7.86   12.66 
 

 Maize/soybean 1.64 1.25   10.54 n.d. n.d. 
  

n.d. = no data. 
 
 
 
p=0.006). There were no significant differences in yields 

of soybean seed or groundnut stover due to 

intercropping. Soybean stover yield could not be tested 

due to insufficient samples. Negative yield effects of 

intercropping are likely to be due to competition for water 

and nutrients and shading effects (Natarajan and Willey, 

1986; Yunusa, 1989). However, when the edible 

components of intercrop plots were combined, mean 

yields (2,630 kg ha-1, SD=974, n=18)  were  greater  than 

 
 
 
those of sole crops (1,850 kg ha-1, SD=1500, n=16), 
although the difference was only marginally significant 

(t(32)=-1.81, p=0.080).  
The cropping system with the highest proportional 

recovery (RSe) of exogenous Se was sole groundnut 

(14.7%; Table 4), followed by maize/groundnut intercrop 
(12.7%) and maize monocrop (4.6%). Soybean seed 
recovered 7.4% of exogenous Se when monocropped 
and 10.5% when intercropped with maize. Due to missing 
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data for soybean stover it was not possible to calculate 
Se recovery in sole soybean or soybean/maize intercrop 
treatments. Uptake of added Se is generally greater in 
legumes than cereals (Bisbjerg and Gissel-Nielsen, 1969) 
and this might be related to protein content as the most 
common form of Se in plants is generally Se-methionine 
(Tapiero et al., 2003). With Se fertiliser applied, the 
cropping system that yielded the most Se in the edible 
parts (i.e. seed fraction) of the crop was maize/soybean 

intercrop (1,300 mg ha-1), followed by soybean sole crop 

(785 mg ha-1), maize/groundnut intercrop (400 mg ha-1), 

groundnut sole crop (351 mg ha-1) and finally maize sole 

crop (300 mg ha-1).  
The average amounts of maize, groundnut and 

soybean (fresh-weight) available for consumption in 

Malawi are 365, 14 and 7 g cap-1 d-1 according to food 
balance sheets from the United Nations Food and 
Agriculture Organization (FAO, 2012). Using composition 

data for crops at 0 g ha-1 Se application, the estimated 
supply of Se from maize, groundnuts and soybean (that 
is, 4.2, 0.6 and 0.2903 µg cap-1 d-1, respectively) 
appears to contribute little towards dietary Se 
requirements considering an EAR for adult women of 45 

µg cap-1 d-1 (IOM, 2000). With universal coverage of Se 

biofortification at 10 g ha-1, maize, groundnuts and 
soybean would supply an average of 35.1, 5.4 and 5.2 µg 

cap-1 d-1 of Se, respectively. Average dietary supply of 
Se from sources other than maize, groundnut and 

soybean is likely to range between 15 and 25 µg cap-1 d-1 
in Malawi (Donovan et al., 1992; Eick et al., 2009). 
Average dietary Se intake would therefore range between 

61 and 71 µg cap-1 d-1 which is likely to be optimum for 
most people (Fairweather-Tait et al., 2011), and provides 
minimal risk of overdose based on a current safe upper 

limit of 400 µg Se person-1 d-1 (IOM, 2000). There may 
be further benefits of Se biofortification on livestock 
health since cattle and goats are commonly fed on maize 
stover residue during the dry season. For example, >6 

mg d-1 of supplemental Se is required to optimise serum 
Se status of dairy cattle (Gerloff, 1992). Feed containing 

>0.1 mg kg-1 Se will protect against Se deficiency 
disorders (Girling, 1984); this compares to concentrations 

of Se in maize stover of 0.079 and 0.023 mg kg-1 with 
and without Se application, respectively.  

Risks of negative environmental or health impacts due 
to Se toxicity are minimal with agronomic biofortification 

at 10 g ha-1 yr-1 of Se. Selenium toxicity can occur over 
some sedimentary rocks, e.g. the black shale and 
sandstone deposits of the Great Plains in the USA, where 

concentrations of total Se in the soil are high (1-10 mg kg-

1) and the soil environment alkaline (Muth and Allaway, 
1963). However, Oldfield (1999) report that soils with up 

to 20 mg kg-1 total Se did not cause problems to 
vegetation and livestock in humid lateritic soils in Hawaii. 

Application of Se at 10 g ha-1 yr-1 is equivalent to 0.0036 

mg kg-1 topsoil, assuming 2.8 t ha-1 topsoil, and it would 

take >5 k yr to reach a concentration of 20 mg kg-1  Se  in 

 

 
 
 
 
the topsoil. 
 
 
Conclusion 
 
Dietary Se deficiency appears to be widespread in 
Malawi, on the basis of crop, soil, diet composite, blood 
and urine surveys (Eick et al., 2009; Chilimba et al., 2011; 
Gibson et al., 2011; Hurst et al., 2013). Effective 
biofortification of the staple grain maize with Se through 
sodium selenate application has been demonstrated 
previously (Chilimba et al., 2012). This study measured 
the effect of sodium selenate application on Se 
concentration in maize, groundnut and soybean in sole-
and intercrop systems at three sites with low-pH soils. 

Foliar application of 10 g ha-1 of Se in the form of a 

sodium selenate liquid drench was effective in increasing 
Se concentration in maize grain by 8-fold, groundnut 
seed by 9-fold and soybean seed by 18-fold. Considering 
all grain and stover components combined, recovery 
efficiency of exogenous Se was greater in groundnuts as 
sole crop and maize/groundnut intercrop compared to 
maize sole-crop. Considering only the edible portion of 
grain, maize-soybean intercrop provided the highest yield 

of Se (1,310 mg ha-1). Universal adoption of Se-enriched 
fertiliser would lead to a 150-225% increase in estimated 
average dietary supply of Se, from between 21 and 31 µg 

cap-1 d-1 to between 68 and 78 µg cap-1 d-1. Further 

research is now required to validate this estimate at wide 
scales and to monitor impact on human health and 
nutrition. 
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