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a b s t r a c t

The effects of pre-anthesis water deficit and cycle length were examined in Papaver somniferum L.,
cultivated for alkaloid production, in two locations in southern Spain. The vegetative period was short-
ened by extending the photoperiod through supplemental lighting in the field, while water deficit in
pre-anthesis was induced by avoiding irrigations and installing rain shelters. The treatments were: IN
(irrigated-normal photoperiod), IL (irrigated-hastened flowering), DN (water deficit in pre-anthesis-
normal photoperiod) and DL (water deficit in pre-anthesis and hastened flowering). The artificial
photoperiod hastened the flowering by 15 and 21 days, for irrigated and deficit treatments respectively.
Seasonal evapotranspiration (ET) ranged from 398 (DN) to 505 mm (IN). There was evidence of root
water uptake deeper than 1.5 m. Stomatal conductance was reduced (16%) during water stress, and did
not recover in post-anthesis after resuming irrigation. Head yields (capsule + seeds + 7 cm stem) ranged
between 3.8 and 4.3 t ha−1; water deficit and short vegetative period both reduced the biomass accumu-
lated, although the effect on yields in these treatments was counterbalanced by a higher harvest index.
Early flowering had a detrimental effect on alkaloid concentration in the capsule. Alkaloids yield ranged
between 27 and 37 kg ha−1. Water use efficiency (WUE) ranged between 0.78 and 0.96 kg m−3 ET for
yield and between 63.4 and 73.7 g m−3 ET for alkaloids. Water stress increased slightly the Water Use
Efficiency. A shorter vegetative phase had no effect on WUE for biomass or yield, but decreased the WUE
for alkaloids production.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Poppy (Papaver somniferum L.), is a plant of the dicot family
Papaveraceae, cultivated for seed, oil and opium. It is an erect,
annual herb, 30–170 cm tall; flower buds are ovate, dropping before
anthesis (hook stage); the fruit is a capsule that usually contains a
high number of very small seeds. Some cultivars contain up to 50%
oil in seed, mainly in the form of oleic and linoleic acids and may be
used as a source of linoleic acid. The oil is of high quality for human
consumption because of its high amount of polyunsaturated fatty
acids (Özcan and Atalay, 2006). In Europe, poppy seeds – that are
free of alkaloids – have culinary uses in confectionery and bakery
and are widely used in perfume, cosmetic and medicinal industries.
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Poppy is also cultivated for opium production, the dried plant
latex located mainly in the capsule walls. Opium is one of the oldest
known painkillers, and the source of several alkaloids used for anal-
gesic, antitussive and antispasmodic purposes in modern medicine
(Peter, 2001). The global illicit cultivated area of opium poppy was
estimated as 189,000 ha in 2008, mainly located in Afghanistan and
followed by Myanmar and Lao PDR. Global opium production was
about 8000 tons in 2008 (World Drug Report, 2009). Global licit cul-
tivated area of opium poppy was about 175,000 ha. Opium poppy
is one of the most important crops for the pharmaceutical indus-
try for the production of natural opiate alkaloids, mainly morphine,
codeine and thebaine, that are extracted mainly from the crushed
dried capsules emptied of seeds. In Spain, the annual morphine
demand of the pharmaceutical industry in 2000 was 5500 kg which
was met by 5700 ha of cultivated opium poppy with more than
7000 kg of total morphine production (Muñoz-Ledesma, 2002).

The development of poppy can be divided into the following
stages (Shuljgin, 1969): (1) growth of seedlings; (2) formation of
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