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Effects of drought on hydraulic traits and physio-biochemical characteristics of Haloxylon ammodendron.
PENG Lan'®> ZHOU Xiao-bing' TAO Ye' YIN Bendeng' LI Yong-gang' ZHANG Jing"” ZHANG Yuan-
ming'~ ( 'State Key Laboratory of Desert and Oasis Ecology Xinjiang Institute of Ecology and Geography Chinese
Academy of Sciences Urumgi 830011 China; *University of Chinese Academy of Sciences Beijing 100049  China) .

Abstract: Haloxylon ammodendron is a dominant desert species. A three—year experiment of precipitation treat—
ments ( 100% reduction and control) was conducted in the southern margin of the Gurbantunggut Desert Xinjiang

to examine the changes of stem hydraulic traits and physio-biochemical characteristics of H. ammodendron. Our
results showed that drought did not affect water transport efficiency ( specific hydraulic conductivity leaf-specific
hydraulic conductivity) embolism degree and branch and leaf traits of H. ammodendron. Under drought stress H.
ammodendron maintained osmotic pressure and improved water holding capacity by increasing the contents of pro—
line and soluble protein. Meanwhile the content of malondialdehyde was kept at a low level by significantly increas—
ing the activities of superoxide dismutase and catalase. The results of correlation analysis showed that stem specific
hydraulic conductivity of H. ammodendron was significantly negatively correlated with embolism degree and positive—
ly correlated with specific leaf weight while wood cross-sectional area was significantly positively correlated with
leaf-specific hydraulic conductivity and embolism degree. It is concluded that H. ammodendron could resist drought
stress and maintain normal physiological activities by increasing osmotic regulation ability and protective enzyme
activity. High degree of natural embolism could also be a drought tolerant strategy of H. ammodendron in extreme

arid habitats of desert areas.
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Fig.2 Effects of drought on wood-specific hydraulic conductivity (a) leaf-specific hydraulic conductivity ( b) and percent—

age loss of hydraulic conductivity( ¢) of Haloxylon ammodendron (n=5)

: Control
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Drought ( ) o ns ¥
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* % (P>0.05) .

Note: Control and Drought represent natural precipitation and three consecutive years of drought respectively. ns * and * * indicate no significant

difference ( P>0.05) significant difference ( P<0.05) and extremely significant difference ( P<0.01) of indices between drought and control treatments

respectively. The same below. n=5.
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1 (n=5)
Table 1 Effects of drought on stem and leaf traits of Haloxylon ammodendron ( n=5)
Index Drought Control
(WD) Wood density (g * cm™) 0.89+0.02 0.93+0.01
( LA) Assimilating shoot area distal to the segment for hydraulic conductivity =~ 279.14+73.5 291.36+48.5
measurement ( cm?)
Assimilating shoot water content ( %) 72.59+2.13 71.66+1.7
( WA) Wood area ( mm?) 41.99+8.3 47.84+8.9
(LA/WA) The ratio of assimilating shoot area and wood area (cm® * mm™2) 8.12+2.39 7.41£2.63
(SLA) Specific leaf area ((cm?* * g™!) 23.22+1.12 22.79+1.34
( SLW) Specific leaf weight (g * m™2) 434.96+21.9 445.65+30.1
0.05

Note: There was no significant difference between drought and control treatments at 0.05 level.

3 (a) (b) (¢) (n=17)
Fig.3 Effects of drought on soluble sugars (a) soluble protein ( b) and proline ( ¢) content of Haloxylon ammodendron
(n=17)

4 (a) . (b)« (¢ (d)
(n=6)
Fig.4 Effects of drought on superoxide dismutase (a) peroxidase (b) catalase (c¢) activity and malondialdehyde content
(d) of Haloxylon ammodendron assimilating shoots (7 =6)
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5 (a). (b)

Fig.5 Relationships between K, and PLC (a) and SLW (b)

(d) of Haloxylon ammodendron

6
Fig.6 Principal component analysis ( PCA) of the hydrau—
lic traits and the physio-biochemical indexes of assimilating
shoots
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Note: Ky K; and PLC represent wood-specific hydraulic conductivity

leaf-specific hydraulic conductivity and percentage loss of hydraulic con—
ductivity respectively; WD SLA and LA/WA represent wood density
specific leaf area and the ratio of assimilating shoot area and wood area
respectively; SS Pro Pr represent soluble sugar soluble protein and
proline content respectively; POD SOD and CAT represent peroxidase
superoxide dismutase and catalase enzyme activity respectively; MDA

represents malondialdehyde content.

(e)~ (d)

as well as the relationship between WA and K, ( ¢) and PLC

(Lie
al. 2018) .
( Bittencourt et al. 2020) .

( Pinus syl—
vestris var. mongolica) ( Pinus tabuliformis)
(Liet
al. 2020) ,
(Ky) (Ky) ( )

( PLC) .
( Populus euphratica)
( Populus nigra)

( 2012; Brunetti et al. 2020) ,
o ( Salix psammophila)
(Ks Kp) 45%
( 50%) ; ( Ca-

ragana korshinskii)



263

( 2018) .

( Liu et al. 2018) .

( 2007; 2014) .

( McDowell et al. 2019) ,

( .

( Pinus teada)

2012) .
(PLC)  80%

( Hammond et al. 2019) . (2018) 3
( Caragana intermedia)

( Caragana microphylla)
50% (Ps)

PLC

2015) .

( Hacke et al. 2003) .

( 2016) .

( 2014) ;

( He et al. 2020b) .

(2021)

( Tamarix taklamakanensis)

(SOD) . ( POD)
( CAT) ( Zhao et
al. 2012) .
SOD  CAT POD
SOD  CAT
(2018)

(2018)



264

42 2

1225.
4993.

846.
. 2000.

2758.

4327.

. 2018.

29(2) :

. 2014.

. 2018.

. 2016.

. 148-219.

. 2017.

41(9) :

. 2010.

. 2021.

507-514.

38(11): 1214-
38( 14) :

4984

40(8) : 834-

1020-1032.

. 2012.

32(9): 2748-

30( 16): 4317-

( Tamarix taklamakanensis)
38( 1) : 198-206.
. 2020.
31(10):
3340-3348.
. . 2014.
33(5):

1164-1169.

. 2018.
( Populus pruinose)
38( 19) : 7026-7033.
. 2009.
29(1): 130-
137.
. 2007. ( Haloxylon ammo—
dendron)
27(12) : 5019-5028.
. 2014. ( Haloxylon ammodendron)
34(2): 419-425.
. 2017.
19(6):
19-35.
. 2018.
26( 1) : 106-115.
. 20009.
26(3): 312-317.
. . 2012.
36(1): 19-29.
. 2015.
35(2): 340-
349.

Béez S Collins S Pockman WT et al. 2013. Effects of exper—
imental rainfall manipulations on Chihuahuan Desert grass—
land and shrubland plant communities. Oecologia 172:
1117-1127.

Bittencourt PRL  Oliveira RS da Costa ACL et al. 2020. Ama-—
zonia trees have limited capacity to acclimate plant hydrau—
lic properties in response to long-term drought. Global
Change Biology 26: 3569-3584.

Blackman CJ Creek D Maier C et al. 2019. Drought response
strategies and hydraulic traits contribute to mechanistic un—
derstanding of plant dry-down to hydraulic failure. Tree
Physiology 39: 910-924.

Brunetti C Savi T Nardini A et al. 2020. Changes in abscisic
acid content during and after drought are related to carbohy—
drate mobilization and hydraulic recovery in poplar stems.
Tree Physiology 40: 1043-1057.

Choat B Brodribb TJ Brodersen CR et al. 2018. Triggers of
tree mortality under drought. Nature 558: 531-539.

Fang XW Turner NC Palta JA et al. 2014. The distribution of
four Caragana species is related to their differential respon—

ses to drought stress. Plant Ecology 215: 133-142.



265

Gleason SM Westoby M Jansen S et al. 2016. Weak tradeoff
between xylem safety and xylem-specific hydraulic efficien—
cy across the world’s woody plant species. New Phytologist
209: 123-136.

Hacke UG Sperry JS. 2003. Limits to xylem refilling under neg—
ative pressure in Laurus nobilis and Acer negundo. Plant
Cell and Environment 26: 303-311.

Hammond WM Yu K Wilson LA et al. 2019. Dead or dying?
Quantifying the point of no return from hydraulic failure in
drought-induced tree mortality. New Phytologist 223: 1834-
1843.

He P Gleason SM  Wright 1J et al. 2020a. Growing-season
temperature and precipitation are independent drivers of
global variation in xylem hydraulic conductivity. Global
Change Biology 26: 1833-1841.

He W Liu H Qi Y et al. 2020b. Patterns in nonstructural
carbohydrate contents at the tree organ level in response to
drought duration. Global Change Biology 26: 3627-3638.

Huang JP Yu HP Guan XD et al. 2016. Accelerated dryland
expansion under climate change. Nature Climate Change
6: 166-171.

Li MY Fang LD Duan CY et al. 2020. Greater risk of hy—
draulic failure due to increased drought threatens pine plan—
tations in Horqin Sandy Land of northern China. Forest
Ecology and Management 461: 117980.

LiS SuP Zhang H et al. 2018. Hydraulic conductivity char—

acteristics of desert plant organs: Coping with drought toler—

ance strategy. Water 10: 1036.

Liu YY Wang AY An YN es al. 2018. Hydraulics play an
important role in causing low growth rate and dieback of
aging Pinus sylvestris var. mongolica trees in plantations of
Northeast China. Plant Cell and Environment 41: 1500-
1511.

McDowell NG Brodribb TJ Nardini A. 2019. Hydraulics in the
21st century. New Phytologist 224: 537-542.

Ramirez—Valiente JA  Cavender-Bares J. 2017. Evolutionary
trade-offs between drought resistance mechanisms across a
precipitation gradient in a seasonally dry tropical oak
( Quercus oleoides) . Tree Physiology 37: 889-901.

Yao GQ Li FP Nie ZF et al. 2021. Ethylene not ABA is
closely linked to the recovery of gas exchange after drought
in four Caragana species. Plant Cell and Environment
44: 399-411.

Zhao C Liu Q. 2012. Effects of soil warming and nitrogen ferti—
lization on leaf physiology of Pinus tabuliformis seedlings.
Acta Physiologiae Plantarum 34: 1837-1846.

Zwieniecki MA  Secchi F. 2015. Threats to xylem hydraulic
function of trees under ‘new climate normal’ conditions.

Plant Cell and Environment 38:. 1713-1724.

1997
o E-mail: penglan105@ 163.com




