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Abstract. In this work we present evidence that the etal. 1987, Thimann 1980). It is known that when leaves
drought stress syndrome in the flag leaves and ears ofare subjected to water stress, the chlorophyll content de-
wheat plants, provoked by the production of ethylene clines rapidly, and it is more rapid with the stress severity
(shortening the grain filling period and lowering the (Baisak et al. 1994). The leaf senescence is accelerated,
grain weight) is reversed by the application of a free and finally the plant dies (Bradford and Hsiao 1982,
radical scavenger, sodium benzoate or the ethylene syn-Levitt 1980, Turner 1986). This phenomenon in wheat, if
thesis inhibitor, aminoethoxyvinylglycine. Rehydration it occurs at a later growth stage, causes the yellowing of
by watering also attenuated the detrimental effect of the flag leaf and a rapid maturity of ears and grains (Beltrano
water deficit. Consequently, the grain filling period was et al. 1994).
longer, the grain weight increased, and the total protein  Water stress also causes the disruption of membrane
content was higher than that in plants watered regularly. properties such as selective permeability (leakage of sol-
utes), fluidity, and microviscosity (Navarri-lzzo et al.
1993). Others authors also have reported changes in the
. lipid/protein ratio of the membrane and in enzyme struc-
gg\,evr\]loéis_'\f,;?g:i?é;irv(\),ﬁgztt_%wate”ng_ ture, as in various proteases and lipases (Caldwell and
9 Whitman 1987, Noode and Guiamet 1996). It has been
postulated that the breakdown of the lipid/protein con-
figuration of the membrane is promoted by the lipid per-

Stress provoked by drought is one of the most important 0xidation caused by free radicals (Paulin et al. 1986).
factors limiting crop yields worldwide (Jones and Corlett Under well watered conditions, plants are protected
1992). The intensity of the response depends upon theagainst the deleterious effects of oxygen metabolism by
severity and the duration of the stress and the plant de-antioxidant complex systems (Elstner 1982, Smirnoff
velopmental stage (Bray 1993). 1993, Winston 1990). Nevertheless, under severe water
The most notorious symptoms of water deficit are re- Stress, these reactive oxygen species are generated it
duced growth, a decrease in C€fficiency by stomatal ~ €xcess (Navarri-1zzo et al. 1993, Quartacci and Navarri-
closure, and early senescence of older leaves (Bradfordlzzo 1992, Senaratna et al. 1985).
and Hsiao 1982, Kramer 1983). Nevertheless, primary N previous work, we found that in wheat flag leaves,
biochemical reactions that affect the metabolism of the Water deficit increased not only the free radical levels but
whole plant are complex. It has been reported that alter- S0 _those of antioxidant scavengers (Beltrano et al.
ations of photosynthetic membranes and a decrease ofl997) as a means of self-preservation. _
the ribosomes and polysomes are the earlier changes pro- In this context, the aim of this work was to examine

voked by water deficit (Cuello and Lahora 1993, Hendry Whether the increase of free radicals induced by water
stress and the parallel augmentation of ethylene synthe-

sis, can be reversed by a free radical scavenger and/or by
Abbreviations: AVG, aminoethoxyvinylglycine; Benz, sodium ben- an ethylene inhibitor. Another goal was to exam_me the
zoate; ET, ethephon; FW, fresh weight; TGW, thousand-grain weight; "@Sponse of wheat plants to the impact of rewatering after
W,,, water potential. a period of water stress. Further, the effect of the above
*Author for correspondence. treatments on grain duration and on the final weight and
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protein content was also evaluated. Because both freeAfter 72 h, samples were obtained for analysis. Concentrations applied

radicals and ethylene are expected to shorten the gralnproduced neither apparent toxicity nor less growth or localized necro-

filling period under drought, we assumed that treatments 5

with substances that remove oxidative species or inhibit

ethylene biosynthesis as well as rewatering should at-

tenuate the negative effects of water deficit on ear

growth and on grain weight. Water potential ¥,,) was measured on six random flag leaves/
treatment at the different stages by using a pressure chamber (Sholan-
der et al. 1965).

. Ethylene evolution by flag leaves and ears was determined as de-

Materials and Methods scribed in Beltrano et al. (1994).

Leakage of solutes was measured in five flag leaf discs (1.1-cm
diameter each) and in 500 mg of awns plus glumes/treatment at two
Wheat {Triticum aestivuni. cv. Buck Poncho) caryopses were sown  Stages after anthesis (late milk and hard dough 1). The conductivity was
(one seedling/pot) in 10-liter plastic pots filled with a greenhouse soil, Measured with a DIGICOND IV conductimeter (Luftman Co.) and
a mixture of three parts of clay loam and one part of sand. The soil was XPressed agS .°m72 h™ (flag leaves) o.S mg™* hjl (ears).
very homogeneous. Plants were watered daily and fertilized twice a  1he degradation of chlorophyll was used as an index of senescence,
week with half-strength Hoagland’s solution (Hoagland and Amon @and it was determined according to Zschiele and Comar (1941) in five
1950). Neither symptoms of mineral deficiencies nor pest attacks were flag leaf discs (1.1-cm diameter each) or in 500-mg glumes plus awns.
observed. The plants were grown for 6 months in a greenhouse from Samples were taken at the same stages as above and in all treatments
sowing until maturity and harvest (from July to December 1994). The The chlorophyll content was expressed as the percentage of water
maximum photosynthetic photon flux density at the plant top was 1,300 control (100%).
pmol m2 s in July and 2,200umol m2 st in December. The For each treatment, started at the soft dough staget dlpaf grain
photoperiod was that of the locality (La Plata, BLL. 54 W.L.). was sampled at maturity, and the total protein conteft 3% N in dry

Fresh air was supplied continuously to the greenhouse to prevent the Matter) was determined by micro-Kjeldahl. In addition, the thousand-

accumulation of ethylene and G@is described by Beltrano et al. ~ 9rain weight (TGW) was also determined for each treatment.
(1994). Data were analyzed statistically by analysis of variamce=(0.05).

Measurement

Plant Growth

Water Treatments Results

Plants were subjected to the following treatments. Ethylene Evolution by Flag Leaves and Ears

The flag leaves and ears of all of the treatments produced
ethylene during the different stages of the grain filling
Control (C). Plants were watered to maintain the flag leaf with a (Table 1), as was found previously (Beltrano et al. 1994).
midday water potential¥,y) no lower than —0.2 MPa. C as well as St plants emitted ethylene during all grain
filling periods (Table 1). The level of ethylene produced
by flag leaves and ears of St plants was well above the
Wat(_er Stress _(St)?lants were subjected to stress for 1 week by with-  ~5ntrol in late milk, soft dough, and hard dough 1 stages.
holding watering (flag leaf reachell, -1.9 MPa). The effect was more evident in flag leaves than in ears.
The flag leaves and ears of Rw plants diminished sig-

) nificantly in the late milk stage, ethylene production; in
Stress plus Rewatering (Rvlants were exposed to water stress for 1

week @, —1.9 MPa) and then watered until the flag leaves reached the Ot.her stages IthWIaS negl|g|blg. ianifi v in fl
control values. ET increased ethylene production significantly in flag

The measurement started in stressed plants when they had attained &aves and ears in C and St plants as well as in Rw plants

¥, as low as -1.9 MPa; in rewatering plants it began whenithe during the entire grain filling period.

reached -0.2 MPa, approximately 24 h after watering. Treatments were  The amount of ethylene produced from flag leaves and

applied at different stages of grain filling: late milk, soft dough, hard agrs decreased substantially below the water-C in all

dough 1, and hard dough 3 (Zadocks et al. 1974). treatments soon after the first application of AVG or
Benz. This effect was evident as well in flag leaves as in
ears, and it was observed during the entire grain filling

Spraying Treatments period (Table 1).

From anthesis to hard dough 1 stages, lots of 15 plants were sprayed
with each of the following solutions: 5@m AVG solution, 1 mu Benz
solution, and 50 m ET solution (Beltrano et al. 1994). They were used Leakage of Solutes from Flag Leaves and Ears

as an inhibitor of ethylene synthesis, a free radical scavenger, and an .
exogenous source of ethylene, respectively. Controls were sprayed with 1 € 10ss of solutes from flag leaf discs of AVG-C and

distilled water. The substances were sprayed on ears (in the top of the Benz-C plants was not significantly different from that of
plants) once a week on the different treatments until the dropping point. water-C. In contrast, ET-C showed a great difference
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Table 1. Effect of 50um AVG, 1 mm Benz, and 50 m ET, sprayed at postanthesis, on the evolution of ethylene ThEW h™) from flag leaves
and ears at various grain developmental stages of wheat. Data within columns accompanied by the same letter are not significantlyRliferent at
0.05.

Stage
Late milk Soft dough Hard dough 1 Hard dough 3
Treatment Leaves Ears Leaves Ears Leaves Ears Leaves Ears
Water
C 0.24 0.3 0.12a 0.1 0.23 0.0% 2.3k 1.1
St 0.6 0.4 0.7 0.3M 1.1 0.3 1.3% 0.23
Rw 0.1 0.0&
AVG
C 0.0& 0.0 0.0m 0.0 0.04a 0.04a 0.34a 0.06a
St 0.02 0.2% 0.6 0.31a 0.06a 0.0la 0.6 0.06a
Rw 0.0 0.022
Benz
C 0.1;a 0.03 0.10a 0.11a 0.07a 0.03a 0.3% 0.06a
St 0.0 0.0: 0.5 0.10a 0.0= 0.11a 1.4%0 0.07a
Rw 0.0 0.022
ET
C 15.03 13.44 3.3& 25.30b 2.8 14.9@ 3.2k 13.2%
St 15.2@ 16.781 5.54 67.8%c 2.0 10.62 8.9 31.15
Rw 19.4% 20.0¢

from water-C. Leakage of electrolytes from ears sprayed Table 2. Effect of 50um AVG, 1 mm Benz, and 50 m ET, sprayed

with AVG or Benz was lower than that in those treated at postanthesis, on flag leavgsS cn* h™) and ears.S mg™ h™)
with ET or water (Table 2) conductivity at late milk and hard dough 1 stages of wheat plants. Data

within columns accompanied by the same letter are not significantly

The leakage of solutes from the flag leaves and ears i it atp = 0.05.

was increased significantly by water stress, irrespective
of the spraying treatment. Stage

The cellular membranes of ears of St or C plants, Late milk Hard dough 1
sprayed with ET at the hard dough 1 stage, probably lost TEE—
the selective control of permeability. Consequently, the "eatment Leaves Ears Leaves Ears
loss of solutes in this treatment was the highest found in water

these experiments (Table 2). c 41.3 58.2 39.22 74.%
St 56.% 73.8 82.5 117.4

AVG
c 42.0 33.1a 40.% 54.3
o ) St 51.6 61.% 63.2 95.6c

Chlorophyll Determinations in Flag Leaves and Ears Benz
(Glumes and Awns) c 45.8 44.3 47.3 714
St 57.b 73.5% 61.5 105.2

In C plants, the chlorophyll content of flag leaves, at the ET

late milk stage, was not affected by treatment with ET, © 58.9 58.% 64.8 183.8
St 65.% 89.2 91.7 186.91

AVG, or Benz (Fig. 1). Plants sprayed with AVG or
Benz and subjected to St maintained their chlorophyll
content, whereas that of ET-St decreased significantly.
At the hard dough 1 stage, the chlorophyll contentin flag \,ration of the Grain Filling Period and the Weight
leaves was reduced by ET treatment, whereas AVG and ¢ 1y
Benz retained more chlorophyll in C as well as in St
plants. The grain filling period was shorter in water-St plants
The ears (glumes and awns) of AVG-C and Benz-C, (48 days) than in water-C plants (55 days). AVG and
for the two grain filling stages, retained much more chlo- Benz treatments prolonged the grain filling period (62
rophyll than water-C or ET-C (Fig. 2); at the late milk days). TGW was subsequently affected by duration with
stage, the differences were more evident. AVG-St and values about 50% higher in water-C compared with wa-
Benz-St plants also maintained more chlorophyll than ter-St plants. AVG and Benz treatment produced ears
water-C. with significantly heavier grains than water or ET treat-
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Fig. 1. Effect of 50um AVG, 1 mm Benz, and 50 m ET, sprayed at Fig. 2. Effect of 50pum AVG, 1 mm Benz, and 50 m ET, sprayed at
postanthesis, on the chlorophyll content of flag leaves (expressed as aPostanthesis, on the chlorophyll content of ears (expressed as a per-
percentage of water-C), at late milk and hard dough 1 stages of wheat centage of water-C), at late milk and hard dough 1 stages of wheat
plants. Columns marked with (*) within the same treatment are sig- Plants. Columns with marked (*) within the same treatment are sig-
nificant atp = 0.05. nificant atp = 0.05.

dTabIe 3. Effect of 50pum AVG, 1 mm Benz, and 50 m ET, sprayed

ment. Plants sprayed with ET produced the smallest an
pray P at postanthesis, on TWG of wheat plants subjected to different treat-

lightest grains in all t'teatme.ms' On the other hand, Rw ments at soft dough stage. Data within columns accompanied by the
plants produced heavier grains than those produced by St e jetter are not significantly different at= 0.05.
plants (Table 3).

Thousand grain weight (g)

Treatment C St Rw
Total Protein in Grains Water 34.86 23.0% 33.3b
Application of AVG, Benz, or ET increased the content g:fz 3375;97% ggf_’% gg'g
of protein in their grains compared with the water-C 1817 1818 19 18

(12.36, 11.23, 10.12, and 9.05%, respectively). St plants !
produced, in all treatments, grains with more proteins
compared with C.

If the stress was reversed by rewatering (Rw), the total  Flag leaves increased ethylene production under water

protein content in grains was lower than in St plants but deficit from the late milk to hard dough 3 stage, which
higher than that of the C plants (Table 4). suggests that this hormone accelerated ear senescenc

and grain maturity. Likewise, as expected, AVG inhib-
ited its evolution, but ET had an opposite effect (Beltrano
et al. 1994, Labram et al. 1991). In accordance with
Baker et al. (1977), who found that Benz prolongs the
The loss of chlorophyll and the leakage of cell solutes, life span of carnation, it was determined that in wheat
used as markers of senescence in green tissues, indicatethis substance decreased ethylene production, and there
that these processes were hastened in wheat by watefore, it prolongs the ear filling period.

stress, as reported previously (Baisak et al. 1994, Bel- AVG-C and Benz-C plants not only diminished eth-
trano et al. 1994, Thomas and Stoddart 1980). ylene production by flag leaves and ears but also main-

Discussion
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Table 4. Effect of 50 mu AVG, 1 mm Benz, and 50 m ET, sprayed In the field, protein and starch deposition during the
at postanthesis, on protein content at maturity of wheat plants subjected grain filling period do not always appear simultaneously;
to different treatments at soft dough stage. Data within columns ac- the rate of protein accumulation may reach its peak be-
companied by the same letter are not significantly differenp at fore that of starch. and it may decline earlier (Herzog and

0.05. P ) ;

Stamp 1983). This difference in the patterns of deposi-
Total protein (% DW) tion has been used to explain a higher percentage of grain

Treatment c St RwW protein under environmental conditions that shorten the
duration of the grain filling period.

Water 9.08 12.53 1102 Although in all treatments the water deficit modified

AVG 12.36 16.26 14.74 h | levels of dqf dicals. ad

Benz 1128 15.1% 13.8% the normal levels of scavengers and free radicals, ad-

ET 1012 11.4% 1041 equate water potential restored them (Beltrano et al.

1997). In addition, it was reasonable to assume that the
rewatering, after a short water stress, could reestablish
the cellular homeostasis.

tained chlorophyll content. Consequently, premature se- The present results demonstrate that senescence can b
nescence of ears was prevented, as found previously bydeferred by AVG, inhibiting the ethylene synthesis, or by
Beltrano et al. (1994). Benz, blocking the action of free radicals.

Likewise, when plants were under stress, AVG and Senescence is an active programmed phenomenon, ye
Benz produced a diminution of ethylene production by it could be accelerated by exogenous factors (Brooks et
flag leaves and ears and maintained the chlorophyll con-al. 1982, Caldwell and Whitman 1987, Kramer 1983,
tent. In agreement with other authors (Droillard et al. Mayak et al. 1983). In wheat ears senescence is triggered
1987, Mayak et al. 1983, Paulin et al. 1986, Sylvestre et after anthesis. Nevertheless, the speed of this ineluctable
al. 1989), it was reasonable to think that the free radicals, phenomenon can be regulated by environmental factors
induced by desiccation, and the parallel acceleration of such as water availability.
ethylene synthesis hastened the senescence process of
flag leaves and ears. This possibility was supported by

the fact that both Benz (scavenging free radicals) and AcknowledgmentsVe thank Prof. Joskuis Araus for critical reading,

AVG (inhibiting ethylene synthesis), reversed the effect

of drought, delaying plant senescence (Beltrano et al.

1997).

Itis interesting that the inhibition of ethylene synthesis
by AVG and the hindrance of free radicals by the scav-
enger Benz prolonged the grain filling period. As can be
seen in Table 3, the effect of dehydration on TGW was

Ofelia Ocampo and Olga Peluso for technical assistance, and Consejo
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gentina, for financial support. M. Ronco and J. Beltrano are researchers
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