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Introduction and aims

Artemisia annua (A.a.) produces the  
antimalarial compound artemisinin in 
glandular trichomes (GT) on the lea-
ves. GT are only initiated in the early 
primordial stage of leaf develop-
ment (Duke & Paul, 1993). The aim 
was to investigate the effect of dif-
ferent nitrogen applications (N) on 
field grown A.a. plants. It was hypo-
thesised that higher N would not in-
fluence the initiation of new GT, and 
that the total number of GT per leaf 
and the area of GT would remain 
unchanged, Leaves were expected 
to grow larger at higher N and thus 
“dilute” the density of GT. 

Experiment

A randomized complete block expe-
riment with 4 levels of N in 4 replicate 
blocks was set up in a field at WUR, 
The Netherlands in June 2010. Plants 
were clonally propagated from one 
plant by tip cuttings. A developing 
leaf was sampled 25 days after N 
from 3 plants of each plot (Figure 1). 
The sampled leaves were presumed 
to be initiated and elongated after 
the N application. Numbers and pro-
jected areas of GT were analysed 
from 6 subsections (0.5-1 mm2) of 
fluorescence microscopy photos of 
the abaxial leaf side (Figure 2). The 
total number of GT per leaf was ob-
tained by multiplying the area per 
leaf by the mean density of GT of the 
6 subsections.  Statistical compari-
sons were performed using the HSD 
Tukey test in R (P<0,05).  

Conclusions 

N application on field grown Arte-
misia annua significantly influenced 
the development of GT on leaves ini-
tiated after N. Higher levels of N re-
sulted in larger GT and more GT per 
leaf in this developmental stage. This 
indicates that N may be a valuable 
tool to increase GT  numbers per leaf 
and thereby possibly artemisinin yield 
in field production of A.a.

Figure 1. Growth effects on A.a. plants 25 days af-
ter  nitrogen  application.  Numbers indicate  ap-
plication of inorganic nitrogen  (kg/ha ). The up-
permost main stem leaf below the first internode 
of 1 cm was sampled for analysis.

Figure 2:  Trichomes of A.a. contain autofluore-
scing essential oils, and are  clearly visible objects 
for analyses, Bar =100 µm.
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Results and discussion

Increasing N significantly increased 
the leaf areas (Figure 3B), but leaves 
showed constant densities of GT, re-
gardless of N (Figure 3A), and thus 
the calculated result was a signifi-
cantly higher total number of GT per 
leaf (Figure 3C). This indicates that 
leaves were  influenced early in their 
primordial stage to produce more GT  
by increased N. The highest N also 
resulted in significantly larger GT as 
compared to the two lowest N (Fi-
gure 3D), which possibly corresponds 
to an increased production capacity 
of the individual GT in this develop-
mental stage. The role of differences 
between treatments in expansion ra-
tes of both leaves and GT areas later 
in development of the crop remains 
unknown.
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Figure 3 A-D:  Effect of  four levels of nitrogen ap-
plication on field grown A.a. All values are mean  
values Error bars indicate Standard Error of Means. 
Different letters above error bars indicate signi-
ficant difference between treatments (P<0,05). 
n=12 .
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