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ABSTRACT

As one part of GIARA ( German-Israeli Agricultural Research A-
greement) project “Improving productivity of fast-growing trees under
adverse conditions in China” ,this paper aimed at elucidating the gen-
otypic difference of Populus in physiological and biochemical mecha-
nisms of drought resistance. Experiments were carried out in pots with
1-year-old rooted cuttings of 4 poplar genotypes: Populus x eurameri-
cana cv. 1 -214 (Ralica); Populus x euramericana Guinir cv. ro-
busta (Robusta); P. berolinensis ( Berolinensis ) , the hybrid of P.
laulifolia x P. nigra var. italica; P. popularis 35 - 44 ( Popularis) ,
the hybrid of P. simonii x (P. pyramidalis + Salix matsudana).
The effects of water stress on growth, photosynthesis and water status
were investigated , and stomatal , non-stomatal limitation of CO, assimi-
lation of the 4 genotypes were analyzed. The influence of water stress
and external ABA application on polyamine, ethylene biosynthesis and
the relevance to leaf abscission were examined. Genotype-specific
differences in mechanisms of root-shoot communication of poplar in re-
sponse to drought were elucidated for the first time,and the concept of
ABA/cytokinins was put for-

a compound root-originated signal
ward and preliminarily conformed: Furthermore , the difference between
drought-sensitive and drought-tolerant genotypes in stress-responsive
polypeptides were compared and it was considered as molecular mech-
anisms involved in drought tolerance. The main results of the paper are
detailed as follows:

1. Under optimal moisture of 90% FFC (full field capacity, soil
water potential —0.082 MPa) , net photosynthetic rates (Pn) of 4 ex-
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perimented genotypes were limited by air drought. Comparatively,
Berolinensis was the most tolerant to air drought because its stomata
were insensitive to low air humidity , allowing to keep a relatively high
stomatal conductance for gas exchange( Pn, TRN) and water use effi-
ciency.

2. Under high soil moisture of 70% ~ 100% FFC ( soil water po-
tential - 0. 056 ~ - 0. 122 MPa), Italica kept the highest Pn and
growth rate and Robusta was next. However,Italica and Robusta were
very responsive to soil drought and significant reductions of Pn ap-
peared when soil moisture was lowered to 40% FFC. After subjected
to severe soil drought ( 30% FFC, soil water potential
~2.108 MPa) ,Pn of the two genotypes was dramatically suppressed
and droughted plants shed about one quarter to one third of their leav-
es. Growth of expanding leaves was decreased by 51% (Italica) and
37% (Robusta) ,respectively,whereas a less effect on leaf growth was
found in Berolinesis and Popularis,and they had no leaf abscission at
all during the period of water stress. Although the severe soil drought
significantly decreased Pn of Berolinensis and Popularis as well in the
first several days, an obvious recovery of Pn displayed in the 8th day of
exposure to water shortage. In conclusion, Popularis kept the highest
productivity under soil moisture of 30% FFC among the 4 poplar geno-
types and Italica was the lowest.

3. The effects of water stress on photosynthesis and chlorophyll a
(Chl a ) fluorescence were investigated in the 4 poplar genotypes.
Constant fluorescence was not affected by increasing water stress while
the ratio of variable to constant fluorescence increased by 20% ~
50% , implying there was no injury to photosystem II reaction center,
as photoinhibition is characterized by a progressive decline in maximal

or variable fluorescence. Net photosynthetic rates of Italica and Ro-
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busta, which are more sensitive to water stress, were drastically re-
duced due to non-stomatal factors; their activity of ribulose bisphos-
phate carboxylase-oxygenase ( Rubisco) was also severely inhibited.
For Berolinensis and Popularis, the two more drought tolerant poplar
genotypes , stomatal and non-stomatal components played equally im-
portant roles,and only a moderate or a light decrease of net photosyn-
thetic rate was detected in response to water stress.

4. During the period of water stress, the changes of leaf water
content, predawn and midday water potential indicated that water defi-
cit was developed higher in droughted plants of drought-sensitive pop-
lar genotype than that of drought-tolerant ones. And Popularis showed
the great capacity in keeping water balance among the 4 experimented
genotypes. Furthermore,the highest cell wall elasticity of Popularis in-
dicates its stressed-plants have the advantage of maintaining turgor as
water potential declines. After subjected to severe soil drought (30%
FFC) , leaf proline content of Popularis increased by 40% , implying
osmotic adjustment occurred after the onset of water stress. For
Berolinensis, its cell wall elasticity was lower than that of Popularis,
however, its bound water (Va) increased by 18% after drought treat-
ment and ¥'”° (osmotic potential at saturation ) , ¥ (osmotic potential
at turgor loss) decreased by 0.08 and 0. 07 MPa, respectively. There-
fore, Berolinensis may maintain turgor mainly through osmetic adjust-
ment during the period of water stress.

Compared with the other two drought-tolerant genotypes, cell wall
elasticity of Iialica and Robusta was low, however,it can be improved
certain a extent by water stress. Plant water status of Italica and Ro-
busta was greatly affected during the onset of soil drying( predawn leaf
water potential decreased by 0.4 ~0.5 MPa) and it recovered after

leaf abscission.
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5. There were two stages in the changes of polyamine and ethyl-
ene biosynthesis after drought treatment;

The first stage: In this stage, significant decrease of putrescine
(Put) and spermidine (Spd) ,and disappearance of spermine (Spm)
after mild water stress (40% FFC) indicated polyamine biosynthesis
was obviously inhibited , resulting in a SAM ( S-adenosylmethionine )
accumulation and the biosynthesis and release rate of ethylene in-
creased subsequently. However, the ratio of ACC ( 1-aminocyclopro-
pane-1-carboxylic acid) and MACC (1-( malonyamino ) cyclopropane-
1-carboxylic acid) was lower than 1 implying the malonyl transferase
activity increased simultaneously with that of ACC synthase.

The second stage: After subjected to severe drought (30%
FFC),SAM biosynthesis was inhibited and the ratio of ACC/MACC
exceeded 1. In the meantime polyamine biosynthesis greatly decreased
and no Spd was detected. Leaf abscission occurred at this stage. Xy-
lem-fed ABA solution (10 ml,200 pmol/L) caused similar changes of
polyamine and ethylene as that of water stress. In comparison with
Italica, polyamine biosynthesis in Popularis leaves was less affected
and Spd was detected after plants subjected to severe drought,and no
leaf abscission was observed during the period of water stress. Ethyl-
ene release rate was less affected by drought and ACC/MACC never
went beyond 1. Therefore, ethylene biosynthesis in Popularis leaves
was not significantly activated under water stress.

Based on the genotypic differences in leaf abscission and in poly-
amine and ethylene biosynthesis, It is preliminarily concluded as that
when leaf Spd is undetectable and ACC/MACC exceeds 1 ,leaf abscis-
sion ultimately occurs.

6. The role of exogenous ABA and cytokinins in stomatal control

were examined by xylem feeding to poplar genotypes. Xylem-fed ABA
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readily induced stomatal closure, however its strong inhibitory effect
could be distinctly overcome by cytokinins which were supplied either
separately , or together with ABA via the transpiration stream. Since
endogenous ABA is known to increase while cytokinin biosynthesis in
roots and its transports were inhibited by drought, the concept of a
compound root-originated signal of ABA/cytokinins was put forward
and discussed. It was assumed that the ratio of ABA and cytokinins in
transpiration stream controlled stomatal behaviour under water stress.
In addition, the interactions between ABA and different forms of cyto-
kinins including zeatin, kinetin and 6-benzyladenine ( BA) were also
investigated. Results showed that BA,an artificial cytokinin enhanced
the inhibitory effect of ABA instead of overcoming its influence which
was contrary to zeatin and kinetin.

7. On the first day of exposure to water stress (30% FFC) ,ABA
content in roots of Popularis reached to its peaking level, which was 4
times as that of control plants, and at the same time a 4. 5-fold in-
crease of xylem ABA concentration [ ABA] was observed in droughted
- plants. As the rise of endogenous ABA in Popularis occurred before
the decline of plant water status, therefore it was defined as a pre-
stress response in root-shoot communications. By contrast, the rise of
endogenous ABA occurred after the decline of plant water status in
Italica (a 0.50 MPa decrease of predawn leaf water potential was ob-
served in stressed-plants) and it continued to increase and reached to
its peaking level on the third day after drought treatment, which was
7.0-fold and 10.0-fold as that of control in roots and xylem transpira-
tion stream, respectively. Therefore, the changes of ABA level in
droughted-plants of Italica was typically a stress response in root-shoot
communication. Pre-stress response of Popularis in response to

drought implies that the roots can sense the soil drying during the on-
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set of water stress and synthesize the drying signal—ABA to communi-
cate with shoots. Therefore stomatal movements can be adjusted and
together with other additional adjustments(e. g. osmotic adjustment)
are considered involved in creating a new water balance under soil wa-
ter adverse condition. Afterwards, stomatal conductance recovered
gradually coincident with the gradual decline of xylem [ ABA]. Stress
response of Italica in response to drought shows that the roots synthe-
size the drying signal ~—— ABA to communicate with shoots only after
significant deficit of plant water status. And ABA continues to rise up
to the level that can induce leaf abscission. Therefore, stressed-plants
of Italica create a new water balance mainly by decreasing evaporative
surface area.

8. Genotype differences were also observed in sensitivity of
shoots responding to ABA. Stomatal movement of Popularis was the
most sensitive to the drying signal, while Italica was next and Berolin-
ensis was not sensitive. Shoot growth of Italica were sensitive to water
stress, ABA application (10 ml,200 pmol/L) caused greater declines
in stem height and leaf area growth compared with Popularis. Further-
more , ABA application induced more leaf loss in Italica. Therefore , the
threshold of ABA affecting growth and leaf abscission is higher in Pop-
ularis than that in Italica.

9. Genotype difference in stress-responsive polypeptides were
compared. Heat shock treatment induced synthesis of 70 700,48 400
and 12 900 polypeptides in Popularis and water stress induced synthe-
sis of 70 700 polypeptide. However, no stress-responsive protein was
observed in Italica. Therefore,newly-synthesized proteins of Popularis
were considered as an important mechanism in its adaptation to ad-
verse conditions of drought and high temperature. PEG-responsive

polypeptides were similar in roots of ltalica, Berolinensis and Popu-
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laris. However,PEG-induced proteins of drought-tolerant genotype —

Popularis and Berolinensis were heat stable,but not for Italica.

Key words: Populus, drought tolerance, root-shoot communica-

tions, ABA , cytokinins
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