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Physiological response of root systems to drought resistance of typical tree species
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Abstract: The increasing frequency of extreme drought events due to global climate change has resulted in reduced
productivity and heightened mortality risks in plantation forests on the Loess Plateau. However, it remains unclear whether
adjustments in the physiological traits of typical tree species in response to extreme drought conditions can enhance their
drought tolerance. This study selected four typical tree species—Robinia pseudoacacia, Syringa reticulata, Quercus
liaotungensts ,and Pinus tabulaeformis—widely distributed across the Loess Plateau to investigate how their root systems
change during extreme drought conditions. We investigated the hydraulic characteristics, non — structural carbohydrate

(NSC) content,variations in the pit membrane pore structure,and their interrelations throughout the drought process. The
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results showed that; (1) After 20 days of drought stress, the root xylem hydraulic conductivity of R. pseudoacacia, S.
syringa, Q. liaotungensis ,and P. tabulaeformis dropped to 0.08 kg m™' s MPa™",0.22 kg m™' s™' MPa™',0.09 kg m™' ™'
MPa™' ,and 0.71 kg m™' s™' MPa™', respectively, while the embolism of each species roots were 97.2% ,43.2% ,63.1% ,and
22.7%. (2) With decreasing hydraulic conductivity ,the NSC content in the root xylem of R. pseudoacacia , Q. liaotungensis,
and P. tabulaeformis initially increases and subsequently decreases. The content of NSC in the xylem of R. pseudoacacia and
Q. liaotungensis roots significantly increased by 57.9% and 85.5% compared to the initial state after 30 days of drought
stress, but increased by 23.5% and 47.4% compared to the initial state after 50 days of drought stress, respectively. The
content of NSC in the root xylem of P. tabulaeformis increased significantly by 41.2% compared to the initial state after 50
days of drought stress,and decreased significantly by 8.2% compared to the initial state after 70 days of drought stress. As
the hydraulic conductivity declined,the content of NSC in S. syringa root’s xylem decreased by 20.2% and 15.5% after 30
and 50 days of drought stress, respectively. (3) Throughout the extreme drought process,the pore membrane porosity in
various plants initially contracted and then expanded in response to alterations in their water microenvironment and osmotic
potential. The pit membrane porosity of the four tree species contracted to 0.04—0.60 times the initial state after 50 days of
drought stress,but increased to 0.42—1.38 times the initial state after 70 days. This study suggests that when extreme
drought stress occurs,the xylem of R. pseudoacacia roots is first at risk of hydraulic failure, while the xylem of S. syringa
roots may face the risk of carbon starvation, and P. tabulaeformis roots can survive the longest. The study clarifies the
response mechanisms of plant roots to severe drought stress, providing a scientific foundation for the management and

nurturing of artificial forests.

Key Words: drought; hydraulic conductivity; embolism; non — structural carbohydrate; soluble sugar; pit membrane

porosity
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AT B A ) 4 AE B9 7O S B B B B ( Robinia pseudoacacia ) . T # ( Syringa reticulata ) | i1 R Bk ( Quercus
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RN 0.71 g/ke, IR SRR 0.58 ¢/kg, TIERE R 0.291 em’/em’®, iR 138 5 K8~ 75% H a1 HK
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Fig.1 Variation of hydraulic function in each specie during extreme drought process

FEAR g Rt R A AR AR AR SR A %o 5 K R AR AR W 25 5 AL 1 R . A R R BT 4 it 5 7K
MR R TR B SHIRES I ARMES T &, 72T 500 20 d J5 308 T 3L ZRBR AT AR A 0T
4t & Ko ) B FRAR T 31.4% 35.1% 42.2% 1 23.8% . {ET 5 A 30 d J&, MR . T 7 1L R BR A
PR A ST 350 1 246 3t 5 7K A0 0 . 5 B T 35.5% .39.0% 21.2% F1 24.5% . 16T 538 50 d )&, RIRE . T 7%
TLARAR AT A R A S5 308 fy s k5 7K o 0 1) S BRAIR T 38.1% ,47.2% ,38.8% 1 33.7%,

2.2 e TR AR TP A AR B AR SS A MR K AL A ARk

Wity T Fad B A AR AT R S R AR T B AR, WA 2 s AR T R A R AR AR A B )
ATV P S ST IS R AR A A 3 7 TR a0 25 d JE RR AR B P AT R 1 R S R I oA R LR A 9 3.0
5, TR0 50 d JSARA BT HS P9 AT RS S ORI IRIR A Y 1.1 A o ZERR T R B R T A AR B Y AT
VPR RE B R 7R T 5 A 50 d A1 70 d JEARA BT ER N AT ERE R o EE RGN T 21.8% 1 47.5%
PR vy T 53 AR P I R ARAR AR T ) T A M i R S BRI R A TR NE 25 d SRR B
AT A AR IRIRAS 1Y 3.43 A%, I T2 M1 70 d 5 MR IRAS B 1.52 %, s T 5 A A AR A
JE S TSRS B i RS R A e 7E T R 25 d JE AR R TS N AT R S R T

http ; //www.ecologica.cn



74 PRI A5 2 vy S LR RS o AR 28 470 5 A B ) 1oz AL 7 3297
46.9% 1 70 d J5 BEFEALT 20.6%,
8 r 15+
L
1
g | |
g 6r | : e
oy 2 S 10
48 L
= =)
ko ®E
- g sy
T ‘ (AL ul
0 o LA R
0 10 20 25 30 35 50 70 0 10 20 25 30 35 50 70
25 - F- 510t ) Drought times/d
§’
SE 20
&% ’
§§j§ 15 s
£% = TE
£E oL B 335k
23 A
Fill
™ 2 5F
Z
0 Ll Ll
0 10 20 25 30 35 50 70
F- 5.0 [H] Drought times/d
2 BpTREIEPESGEBRKUENEEEN
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Fig.4 Scanning photos of the pit membrane during extreme drought process
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Table 1 Correlation analysis between hydraulic function, non-structural carbohydrates, and pit membrane porosity for each specie during

three drought phases

Ks PLC SS S NSC pPMP
R Ks 1.00
R.pseudoacacia PLC -0.99" 1.00
SS -0.44" 0.47" 1.00
S -0.39" 041" 0.53" 1.00
NSC -0.46" 0.49" 0.8" 0.93" 1.00
PMP 0.43" -0.42" -0.51" -0.71" -0.72" 1.00
T Ks 1.00
S. syringa PLC -0.99" 1.00
SS -0.42" 0.44* 1.00
S 0.48* -0.46" 0.29" 1.00
NSC 0.08 -0.06 0.77" 0.84" 1.00
PMP 0.12 -0.14 0.01 0.41"° 0.28 1.00
LR Ks 1.00
Q.liaotungensis PLC -0.87" 1.00
SS -0.73" 0.67" 1.00
S -0.54" 0.48" 0.68 " 1.00
NSC -0.71" 0.64" 0.93" 0.90" 1.00
PMP 0.54" -0.62" -0.40" -0.53" -0.50" 1.00
S Ks 1.00
P.tabulaeformis PLC -0.96" 1.00
SS -0.28 0.35" 1.00
S -0.25 0.20 -0.28" 1.00
NSC -0.43" 0.46" 0.81" 0.34" 1.00
PMP 0.28 -0.20 -0.27 -0.48" -0.56" 1.00

TE R IR AMH S T IS, *, P<0.05; Ks: S/KFHR Hydraulic conductivity ; PLC T4 SE TR B Percentage loss of conductance;SS: AJ B R
Soluble sugar content; S: TEM & B Starch contnet; NSC: JF 4584 M ik 7K 64 ¥ Nonstructural carbohydrate; PMP . 20 fLEFL B BE Pit membrane

porosity
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RIBEAL ZRARAN— B, 38 X o 22 57 14 JiE PR R R 2 i 70 4 MR, 0% L) AR B P A/ 5 R L 491 R il B
HHGUVED T AR I LR B R LU o R L e AR T R AR P T A T A R
B S N AR B PR R B SRR AR S (18] 2) |, RIEAEAR A B /K 1 9 MUR TP AT NSC B,
AR ENE N, AT UL T AR R A T 2 AR BCES  A TEE PEE B NSC it A T
AT B TAE e T SRR S RE SR & 0 AL R TS IR, B R AT R R T R
3870 d JEARARBTRRA K AR oK T S AR A R g S A P A AR R B N AR R TR NSC B LI,
XA R S AR AR AR UK 1T RE S NSC AR AL AR T A B T R A R R
FIILZRBRARAE K 3 DR WU PIRE H B A8 | T T MR AR 7K 7 R A i 2 R i NSC T T 545 IR B I 3l
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