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Abstract
Pyrethrum (Tanacetum cinerariifolium) is an economically important perennial crop grown for extraction of
the natural insecticide pyrethrin, which accumulates in the achenes of the flower heads. Pyrethrum is a
comparatively drought tolerant plant due to deep rooting and rarely shows visual symptoms of water deficit,
even when exposed to high water deficit conditions in late spring and early summer in the pyrethrum
growing regions of Australia; however irrigation is still needed during the post flowering period, when
pyrethrin is synthesized, to alleviate water deficit and to obtain substantial yield benefits. This experiment
was conducted in a first harvest commercial pyrethrum field in Waubra, Victoria, during the 2012/2013
season to understand the effects of sprinkler irrigation applications during the flowering period on flower
development and pyrethrin accumulation. The results of this experiment showed that the application of
irrigation throughout the flowering period, significantly increased total pyrethrin concentration by 19%,
which combined with a 60% increase in flower yield to give a pyrethrin yield increase of 91%, compared to
the rainfed treatment. Irrigation treatments applied throughout the flowering period significantly increased
flower yield as a result of enhancement in flower number and flower size. Overall, irrigation provides
adequate soil moisture for flower development which slows the rate of flower development and increases the
duration of the flowering period, resulting in higher pyrethrin yield at physiological maturity. The findings of
this study will be important for future yield predictions and to develop advanced agronomic strategies to
maximize pyrethrin yield in pyrethrum.
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Introduction
Pyrethrum (Tanacetum cinerariifolium (Trev.) Schultz Bip.) is an economically important perennial crop
belonging to the family Asteraceae, commercially grown for extraction of a group of potent insecticidal
secondary metabolites collectively called pyrethrins from the achenes of its flower heads (Bhat and Menary,
1984; Grdisa et al., 2009; Casida and Quistad, 1995). Most (93.7 %) of the pyrethrin is derived from the
achenes of mature pyrethrum flowers (Chandler, 1951). Relative to flower dry weight, achenes contain
approximately 1.8–2.5% pyrethrins (Bhat and Menary, 1984; Fulton, 2001).

There is considerable demand worldwide for pyrethrins as a natural insecticide to avoid excessive use of
synthetic insecticides (Grdisa et al., 2009; Krieger, 2001). Pyrethrum production in Australia currently
supplies more than 70% of the global market requirements, for which the production areas are predominantly
centered on the North West coast of Tasmania and in the Ballarat region of Victoria. Pyrethrins exist as a
combination of six esters; pyrethrin I, cinerin I, jasmolin I, and pyrethrin II, cinerin II and jasmolin II, with
pyrethrins I and II present in higher concentrations (Head, 1966; Crombie, 1995). A typical extract contains
the pyrethrins, cinerins and jasmolins in the proportion 10:3:1 with the ratio of pyrethrin I to pyrethrin II
(PyI:PyII) typically around 1:1. Pyrethrin I, cinerin I, jasmolin I are collectively ‘pyrethrins I’ and pyrethrin
II, cinerin II and jasmolin II are collectively ‘pyrethrins II’(Crombie, 1995).

Irrigation management has been identified as an area of crop management that could be manipulated to
increase yield. Previous studies have indicated that low moisture availability during flower development may
reduce the accumulation of pyrethrins (Mohandass and Sampath, 1986). Irrigation during a water deficit
period is essential to achieve potential yield. Under dry conditions, irrigation results in an overall increase in
the rate of water uptake and growth of crop plants. Pyrethrum is a comparatively drought tolerant plant and it
has some ability to survive in dry conditions due to deep rooting. This facilitates the extraction of water from
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as deep as one meter in the soil profile (Salardini et al., 1998). Pyrethrum plants rarely show visual
symptoms of water deficit, even when they are exposed to high moisture stress conditions in late spring and
early summer in the pyrethrum growing regions of Australia, but irrigation is still needed during the
flowering period, when pyrethrins are synthesized in the flower heads, to prevent water deficit and to obtain
substantial yield benefits. Pyrethrum cannot reach its full yield potential under water deficit conditions
(Chung et al., 1991).

Materials and Methods

Experimental setup and treatments

This experiment was conducted in a first harvest commercial pyrethrum field in Waubra, Victoria, Australia
during the 2012/2013 season to investigate the effects of irrigation on flower development and pyrethrin
accumulation. Treatments were applied as ‘rainfed’ and irrigated for the whole flowering period by
establishing a sprinkler irrigation system. All other commercial agronomic practices such as application of
fungicides, fertilizers, herbicides and growth regulators were similarly applied to both treatments. Four
replicate plots (3 m x 3 m in size with sprinklers in each of the corners) for each treatment were established
in a randomized block design. Irrigation treatment plots were irrigated up to 20 mm each time in order to
replace the 20 mm deficit. Microclimatic conditions including temperature, rainfall, solar radiation, wind
speed, wind direction and barometric pressure were recorded at each 5 minutes by the onsite weather station
(IC6328AU Wireless Vantage Pro2™ Plus, Davis, California, USA). Soil moisture tension was monitored
continuously every 15 minutes using gypsum block tensiometers (MEA Bug system, Magill, South
Australia) with the measurement range from 0 to 200 kPa, buried at 30 cm and 60cm depths in one replicate
plot of each treatment. Irrigation timing and water levels were scheduled using the rainfall data,
evapotranspiration data, previously recorded crop factor data and soil moisture depletion data. Irrigation
applications were started (day 1) when flowers reached flower maturity stage 1(fully developed buds) and
continued to maintain the soil moisture tension at 30cm soil depth below 70 kPa (O’Donnell, 2001) and
continued until flowers starting to dry off. Sampling was undertaken once a week from all eight plots, until
all plots reached the physiological maturity stage (approximate flower maturity index of 600). One sample
per each plot was collected at each sampling date using a randomly positioned 0.5 m2 quadrant.

Biomass and flower maturity index

Plants contained in each quadrat were harvested, separated into stems and flowers. Flower stage composition
was recorded to calculate the flower maturity index (FMI) using the following equation (Potts and Menary
1987). Stems, leaves and flowers samples were oven dried at 60oC and weighed. A representative subsample
of flowers from each plot was taken for pyrethrin concentration analysis.
Flower Maturity Index = Ʃ (Flower maturity stage x Number of Flowers) x 100

Total number of flowers

Pyrethrin determination

Extractions were conducted by mixing 0.2 g powdered flower samples with 9.8 ml hexane (Riedel-de-Hahn,
Chromasolv grade) three times in 24 h. Two millilitres of the supernatant was filtered (Alltech 13 mm,
0.45_m PTFE syringe filter) and used for further analysis. High-performance liquid chromatography (HPLC)
analyses and quantitation were performed as described by McEldowney and Menary, 1988 for pyrethrin
analysis. Pyrethrins were chromatographically separated and expressed as percentage total pyrethrins per dry
weight of extracted sample.

Statistical analysis

The experimental results were subjected to an analysis of variance (ANOVA) and significantly different
means were compared using Tukey’s test at 95.0% confidence (P < 0.05) using the Minitab 16 (Minitab Inc.,
Pennsylvania, USA) statistical software.
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Results and Discussion

Above ground dry matter production and flower yield

The results of this experiment indicated that 41 to 47 days seems to be a critical period. Before 41 days,
flower size increases at a slower rate under irrigation. Irrigation allows an accelerated rate from 41 to 47
days, while the rate decreases in the rainfed treatment. Adequate water supply at late flowering stage seems
critical for flower growth (Fig. 1b). The increase in the number of flowers per unit area is attributed to an
increase in the number of stems per plant and an increase in the number of flowers per stem. Flower number
was significantly greater in the irrigation treatment due to production on significantly higher number of
primary and secondary flowering stems compared to rainfed treatment (Figure 1c). The production of
primary flowering stems in Pyrethrum is mainly governed by the vernalisation requirement (Brown and
Menary, 1994; Casida and Quistad, 1995), therefore the possibility for an increase in number of primary
stems by irrigation during flowering is limited. However the results of this experiment indicated that high
soil moisture availability in early stages of the flowering period due to the application of irrigation favoured
rapid elongation and branching of the primary flowering stems to produce significantly higher number of
secondary flowering stems. This eventually led to increased flower number compared to the rainfed
treatment. Flower number was highly variable on different sampling days, but greater under irrigation at
most of the sampling days compared to the rainfed treatment. Flower yield in the irrigated treatment was
lower than the rainfed treatment at early sampling days. As a result of the slow rate of flower development in
the irrigation treatment, individual flower size increased slowly at early sampling days, then more rapidly
with flower maturity and reached a larger size than in the rainfed treatment. The enhancement of flower yield
and number of stems contributed to the significant increase in the total above ground biomass per unit area at
later sampling days under irrigation (Figure 1d).
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Pyrethrin yield

The results of this experiment showed that the application of 240 mm of irrigation throughout the post-
flowering period, from early flower maturity stages to physiological maturity markedly increased total
pyrethrin concentration by 32% (Figure 2a), which combined with a 60% increase in flower yield (Figure 1a)
to give an increase in total pyrethrin yield increase of 91% (Figure 2c) at physiological maturity compared to
the ‘rainfed’ treatment. Pyrethrin yield was increased gradually with flower developmental stages in both
treatments before declining in the later stages of flowering (Figure 2c). Pyrethrin concentration showed a
rapid increase in the early stages followed by a slower increase in the mid flower maturity stages, then a
decline at later stages (Figure 2a). The decline occurred at an earlier sampling date in the rainfed treatment
due to more rapid flower development, but the peak pyrethrin concentration was higher under irrigation than
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in the rainfed treatment. Pyrethrin yield per flower declined at the later stages of flowering (Figure 2d),
corresponding to the decline in individual flower size during these stages (Figure 1b). At later stages of
flower development, under elevated temperature conditions in mid summer and due to absence of adequate
soil moisture, crops rapidly become over-mature and unable to continue pyrethrin accumulation at maximum
capacity resulting in a reduction in pyrethrin yield; therefore irrigation of crops at later stages of flower
development can slow down the rate of flower development under temporary stress (such as a few days of
high temperature) and increase the duration of the flowering period to obtain maximum pyrethrin yield. Both
pyrethrin I and pyrethrin II were greater in the irrigation treatment compared to rainfed treatment at
physiological maturity (Figure 2b). As flowers approached maturity, Pyrethrin I/Pyrethrin II ratio was lower
in the irrigation treatment compared to rainfed treatment at physiological maturity (Figure 2b).

Rate of flower development and duration of flowering period

Irrigation had a significant influence on crop maturity and resulted in a larger spread of flower maturity
stages at each sampling date, reflected by the lower value for flower maturity index in the irrigated treatment
compared to the rainfed treatment (Figure 2e). As a result of higher rate of flower maturity in the rainfed
treatment, flowers were dried rapidly and flower dry weights were markedly reduced due to loss of flower
parts including ray florets and disc florets. Irrigation treatment applied throughout the flowering period
significantly reduced the rate of flower development (p= 0.001) and increased the duration of flowering
period (p<0.001), as a result of that, the harvesting date was delayed by eight days compared to the rainfed
treatment (Figure 2f). According to the results of this experiment, 41-47 days after maturity stage 1 is a
critical period. There is a sharp decrease in pyrethrin yield per flower in rainfed treatment, and a sharp
increase under irrigation. Rate of pyrethrin accumulation is lower than for rainfed before day 41. Irrigation
increases this rate quite late. Adequate water supply at the late flowering stage seems critical for flower
growth (Fig. 1b) and pyrethrin accumulation per flower (Fig. 2d).

Conclusions

Based on the results of this experiment, we conclude that the application of irrigation throughout the -
flowering period significantly increased flower yield as a result of enhancement in flower number and flower
size. The increase in flower yield and pyrethrin concentration leads to greater increase in the pyrethrin yield
under irrigation. Overall, adequate soil moisture for flower development in pyrethrum slows flower
development and increases the duration of the flowering period compared to the ‘rainfed’ treatment. Overall
irrigation has a major impact on the rate and duration of pyrethrin accumulation, resulting in higher pyrethrin
yield per flower at physiological maturity. The findings of this study will be important to develop advanced
agronomic strategies to maximise pyrethrin yield in pyrethrum.
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