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Three synthetic bread wheat genotypes and their parental cultivar Cham 6 were used to ex-
amine the effects of a strobilurin-class fungicide pyraclostrobin on leaf temperature, root wa-
ter uptake and grain yield under increasing water deficit conditions. Wheat plants of Cham 6
treated with the pyraclostrobin at the booting stage showed a rapidly increased leaf tempera-
ture as compared with the gradually increased leaf temperature of the untreated plants. The fi-
nal temperature reached, however, was lower for the pyraclostrobin treated plants than the un-
treated. Potted soil of the treated wheat plants also showed higher water contents than the un-
treated potted soil, suggesting delay of plant water uptake by pyraclostrobin treatment. A vari-
ation in water uptake by roots was also found between the four wheat genotypes examined.
Daily water uptake was depressed after the pyraclostrobin treatment in all four wheat geno-
types. Grain yields were slightly increased by the pyraclostrobin treatment in field trials under
controlled water supply whereas no significant differences were detected in soil water content
between treatments. The increase in grain yield by pyraclostrobin treatment might be depend-
ent on the different water uptake of the wheat genotypes. These results suggest that foliage
treatment of pyraclostrobin fungicide on wheat delays root water uptake, resulting in post-
ponement of soil dehydration, which contributes to a slight increase of grain yield in some
wheat genotypes in the field under water deficit conditions.

Keywords: synthetic wheat, pyraclostrobin, strobilurin, leaf temperature, water use, water
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Introduction

In the Mediterranean climate regions of West Asia and North Africa, rainfall concentrates
in the period from November to May, which coincides with the growing season of wheat.
Wheat growth under rain-fed conditions often suffers from water deficit stress at both
ends of the growing season, that is, immediately after germination and after flowering. In
the growth period immediately before and after the flowering stage, the rate of water use
of wheat plants is particularly critical for the following grain yield formation under in-
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creasing water deficit stress in the residual soil water (Richards et al. 2002; Olivares-
Villegas et al. 2007).

Wheat plants can use more water by means of the enhanced water uptake of roots from
soil. Increased water uptake before the flowering stage, however, leaves less available wa-
ter in grain filling stage, resulting in more severe water deficit stress. Overall plant growth
is regulated as a function of plant water uptake and residual soil water. Better understand-
ings of water relations between the soil and plant are therefore a key issue for adaptation of
drought tolerant genotypes, in particular, for new synthetic bread wheat genotypes devel-
oped for the dry climate regions (Del Blanco et al. 2001; Dreccer et al. 2007; Reynolds et
al. 2007). Available soil water is taken up by roots, and transported to the leaves for tran-
spiration during photosynthesis. Under water deficit conditions of soil, however, water
uptake is depressed, resulting in less leaf transpiration due to stomatal closure. Leaf tem-
perature is closely related to transpirational cooling of the leaves and can be used as an in-
dicator of water deficit stress. Root water uptake and leaf transpiration are the two factors
influencing water use and therefore significantly influence grain filling after flowering
under water deficit conditions.

A strobilurin-class fungicide has been extensively utilized for foliar disease control in a
wide range of crops worldwide in recent years (Bartlett et al. 2002). In addition, some
physiological effects on the inhibition of mitochondrial respiration in cell metabolism, in-
crease of nitrate accumulation in tissue and final increase of biomass and grain yield of
wheat has been reported (Koéhle et al. 2002). Use of strobilurin which, in addition to its
fungicide effect, is an alternative approach to increase and stabilize grain yields of wheat
in the dry climate regions. It is, however, not clear how strobilurin treatment influences
root water uptake and leaf transpiration for synthetic bread wheats that are differentially
adaptable to water deficit stress.

In this study, the effects of a strobilurin-class fungicide pyraclostrobin on leaf tempera-
ture, root water uptake and grain yield of synthetic bread wheat genotypes were examined
under increasing water deficit conditions.

Materials and Methods

Leaf temperature and soil water content of wheat plants treated with pyraclostrobin un-
der controlled conditions

Three plants of bread wheat genotype (7riticum aestivum L. cv. Cham 6) with three repli-
cates were grown in potted soil (1100 g dry weight per pot) in a growth chamber with
22/10 °C day/night, 10-h day-length and 250 pmol'm *s ' light intensity. Soil was a mix-
ture of field soil, sand and peat moss, with a permanent wilting point (PWP) of 14.6% by
weight. Irrigation was periodically performed to hold soil water content ranging between
45.0% and 25.0%. At the booting stage of growth, wheat plants were treated with a solu-
tion of 0.267% of fungicide pyraclostrobin F 500® (BASF Societas Europeae, Germany)
or with the equivalent water (control treatment). During the consecutive seven days from
treatment, a thermal imaging camera (Nippon Avionics, TVS-200) was used to record the
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thermal image of three treated and three untreated pots in the same frame, as described in a
previous paper (Inagaki and Nachit 2008). Leaf temperatures were collected daily from
nine individual pixels each in the flag leaves of the wheat plants. At the same time, the soil
water contents were obtained by weighing the potted soil.

Water uptake of four wheat genotypes treated with pyraclostrobin

Three synthetic bread wheat genotypes, SYN-8, SYN-10 and SYN-15, derived from a
cross of Cham 6/3/Haurani/Aegilops tauschii ig47259//Cham 6 along with a parental
cultivar Cham 6 were used as plant materials. Cham 6 is an improved cultivar of bread
wheat and Haurani is a landrace of durum wheat (7. turgidum L. spp. durum). SYN-10 and
SYN-15 were selected as tolerant and susceptible to drought in terms of grain yield, re-
spectively, in comparison with SYN-8 and Cham 6 under very dry conditions of an annual
rainfall of 300 mm (Inagaki et al. 2007). Five plants of each wheat genotype were grown
in potted soil with three replicates and treated with pyraclostrobin as described above. Irri-
gation was performed to keep soil water content from 45.0% to 25.0%. Evaporation from
soil surface was estimated by weighing the potting soil without plants. Mean water uptake
per day for each genotype was calculated for the first four days after irrigation in the con-
trol treatment and pyraclostrobin treatment. It was furthermore expressed as water uptake
per pot and water uptake per shoot dry weight.

Yield performance of four wheat genotypes treated with pyraclostrobin under
controlled water supply

Four wheat genotypes, SYN-8, SYN-10, SYN-15 and Cham 6, were used as plant materi-
als. The experiment was laid out with three replicates in a randomized complete block de-
sign with split-plot arrangement for pyraclostrobin treatment. Wheat materials were
grown in 10 m” field plots each at Tel Hadya station, ICARDA during the 2007/08 crop-
ping season. Irrigation was planned to supply an evapotranspiration estimate of 420 mm in
this area (Zhang et al. 1998) during the period from germination to flowering. At the
growth stage of booting, split (adjacent) plots of each wheat genotype were treated with
pyraclostrobin or the control treatment (no application). The treatment was performed
with 30 ml (0.267%) solution, providing 0.08 ml product per m*. Canopy temperature was
obtained from thermal images each containing eight plots taken at 12:00 h at flowering.
Water contents of soil layers in depth of 90 cm was measured monthly by weight in the
border plots from germination through to maturity, in addition to the soil water contents in
field plots of four wheat genotypes at flowering. The permanent wilting point (PWP) of
soil was determined to be 29.8% using a conventional method (Ryan et al. 1997). After
maturity, wheat plants of 6 m* per plot was harvested, and agronomic data including
1000-kernel weight and grain yield were collected and analyzed. The comparison between
wheat genotype means for treatment effect was performed using the least significant dif-
ference (LSD) derived from analysis of variance.
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Results and Discussion

Effects of pyraclostrobin treatment on water use of wheat plants

Infrared thermographs of bread wheat Cham 6 plants grown in potted soil successfully in-
dicated leaf temperature increases one day after the pyraclostrobin treatment and de-
creased four days after the treatment, in comparison with the untreated control plants, as
visually shown in Figure 1. Figure 2 shows changes of leaf temperature and soil water
content for the treatments during the seven days following irrigation and pyraclostrobin
treatments. The wheat plants treated with pyraclostrobin showed a rapidly increased leaf
temperature just after treatment but ultimately remained at lower temperatures compared
to the control plants which showed a more gradual increase in leaf temperature. Potted soil
of the treated wheat plants had higher water contents than the control potted soil, suggest-
ing depression of plant water uptake by pyraclostrobin treatment.

Effect of pyraclostrobin treatment on water uptake of four wheat genotypes

Mean water uptakes per day for four wheat genotypes were on a per pot and per shoot dry
weight in Table 1. Pyraclostrobin treatment decreased water uptake significantly on both a
per pot and per dry weight basis. SYN-8 and SYN-10 had the highest and lowest water up-
take per dry weight among the four genotypes, showing a genotypic variation.

1 :
Figure 1. Infrared thermographs of bread wheat cultivar Cham 6 at one day (a) and four days
(b) after treatments of irrigation and fungicide. Untreated control three pots (in left) and treated three pots
(in right), respectively

Effect of pyraclostrobin treatment on yield performance of four wheat genotypes grown
under increasing water deficit conditions

The total water supply for the whole growing season in the wheat field was 432 mm,; rain-
fall of 223 mm and irrigation of 209 mm. No incidence of diseases was found in any wheat
plots. Mean soil water content over all soil layers decreased gradually from about 30% at
stem elongation to about 20% at flowering (Fig. 3). Available soil water decreased below
the permanent wilting point (29.8%) during these critical growth stages suggesting that
wheat plants grew under soil water deficit before and after flowering. Soil water contents
at flowering had a variation among wheat genotypes as expected from differences in water
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Figure 2. Change of leaf temperature (a) and soil water content (b) for bread wheat cultivar Cham 6
after treatments of irrigation (solid arrows) and fungicide (dotted arrows). Range bars indicate +standard
deviations of the means

uptake, but did not show distinct differences between pyraclostrobin treatments (Table 2).
Differences in canopy temperature at flowering and kernel weight at maturity were also
not found (data not shown). There were, however, significant differences in grain yield
between treatments and genotypes. Two genotypes, Cham 6 and SYN-10 increased grain
yield with pyraclostrobin treatment, but other two genotypes, SYN-8 and SYN-15 having
relatively high water uptake and under less soil moisture, did not respond to pyraclo-
strobin treatment.

Table 1. Water uptake of four wheat genotypes treated with pyraclostrobin

Wheat Water uptake amount (g - pot ' - day ™) Water uptake ability (g g™ - day™)
genotype Control Treated Control Treated
Cham 6 449 34.8* 5.76 4.75%
SYN-8 49.5 39.0% 6.50 5.38%
SYN-10 38.1 29.3% 4.96 3.99%
SYN-15 50.5 43.7* 5.85 4.79*
LSD (P <0.05) 3.96 0.56

ns, *: not significant, significant at P < 0.05, in comparison with the control.

Table 2. Soil water content at flowering and grain yield in four wheat genotypes treated with pyraclostrobin

Wheat Soil water content (%) Grain yield (g - m™?)
genotype Control Treated Control Treated
Cham 6 23.5 23.2" 435 470*
SYN-8 222 22.7% 415 420™
SYN-10 24.8 24.2™ 412 470*
SYN-15 225 22.6™ 273 273"
LSD (P <0.05) 1.89 30.3

ns, *: not significant, significant at P < 0.05, in comparison with the control.
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Figure 3. Soil water recharge and discharge in wheat field plots during the experiment. Range bars indicate
+ standard deviations of the means

The experiments in this study could successfully detect changes in both leaf tempera-
ture and soil water content immediately after the pyraclostrobin treatment under con-
trolled environmental conditions, but not detect the treatment effects at flowering under
field conditions. The effect of pyraclostrobin treated at booting stage might not last till
flowering stage. In addition, differences in canopy temperature and soil water content un-
der open field conditions with unpredictable environmental factors are, however, difficult
to determine.

It has been previously reported that the foliar pyraclostrobin treatment in wheat had re-
sulted in both the maintenance of green leaf area and the period of grain filling being ex-
tended, and thus likely contributing to a yield increase (Gooding et al. 2000; Dimmock
and Gooding 2002). Postponement of soil dehydration after pyraclostrobin treatment is
considered as one of the favorable effects to increase grain yield in wheat. This hypothesis
was partly supported by the results in this study. A field evaluation study of fungicides re-
ported no significant difference in grain yield between the treatments conducted in the
high-rainfall zones of Australia (Kleven et al. 2003). Recently it was also reported that fo-
liar treatment of strobilurin fungicides reduced transpiration and improved slightly water
status of wheat plants only grown under well-watered conditions (Nason et al. 2007).
Yield response to pyraclostrobin treatment may be dependent upon the environmental
conditions experienced by the wheat plants.

The results obtained in this study suggest that the foliar application of pyraclostrobin
depresses root water uptake, resulting in the postponement of soil dehydration, and finally
may contribute to yield enhancement. However, the increase in grain yield by the
pyraclostrobin treatment might be dependent on the different water use patterns of the
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wheat genotypes. Further studies on the interaction of the pyraclostrobin dose and the soil
water deficit are required to confirm the favorable effect of pyraclostrobin on wheat yield
under water stress under controlled conditions.
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