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Xylem anatomical and hydraulic drought resistance characteristics of common
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Abstract; The xylem anatomical characteristics of woody plants are closely related to water transport and drought adaptation
strategies. However, the research on the commonly used tree species in the hilly areas of North China is still insufficient. In
order to study the relationship between xylem anatomical characteristics and drought resistance, this paper takes the common
tree species in North hina as the research object, 10 tree species were classified into drought-resistant tree species and non-
drought-resistant tree species. By measuring the xylem cross section vessel, a large number of anatomical properties related
to parenchyma, non-structural carbon concentration, the differences of anatomical characteristics of xylem and the
relationship between anatomical characters of the two types of tree species were compared to explore the differences of

hydraulic drought adaptation strategies of these species. The results showed that: 1) all 16 xylem characters of 10 species
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showed great variability. 2) There was no significant difference in the mean vessel diameter and the vessel density between
the two groups, but the vessel wall thickness, the maximum vessel diameter and others of drought-resistant tree species were
significantly higher than those of non-drought-resistant tree species. 3) There was a significantly positive correlation between
the vessel wall thickness and the mean vessel diameter, the maximum vessel diameter and the potential hydraulic
conductance of drought-resistant tree species, and a significantly positive correlation between the maximum vessel diameter
and the potential hydraulic conductance, however, these relationships did not exist in non-drought-resistant tree species.
Drought-resistant tree species have large maximum vessel diameter and vessel wall thickness at the same time, which not
only ensure higher water transport efficiency, but also have certain anti-embolism ability. More paratracheal parenchyma and
the non-structural carbohydrate (NSC) also provide greater xylem water storage and refilling of embolism capacity for the

drought-resistant tree species.

Key Words: hilly areas of North China; xylem anatomy; hydraulic strategy; drought resistance
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28 OIS K 22 4 A e A A B AR A AR AR S 8 AR 7, A5 P AT 0 (8 A A AS [ AR R ] 2K
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2 Hh P 50 Fh A 45 R AE (Ailanthus altissima) | ¥E A7 ( Cotinus coggygria) . WK%k ( Quercus acutissima ) |, i #4
(Ulmus pumila) FUEHABE (Juglans regia) , EPUEH P A HE H E 2% ( Magnolia denudata) (%% %k ( Liriodendron
chinensis) 530 ( Cercis chinensis) Fl " BREAS K ( Platanus acerifolia) , M E T VA L 10 N Fh A Joit 3505 48 % 1 i
PR R A PR ARTE bR S NSC S, FEEMFFE LT AT - 1) U B A B 548 A e P A AL A 5T AR S A Ao
A ERER 22 55 2) XM 22 S R I PR SRR Ao LA B AR AN [ 198 B ) 52 1) S
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B RG; ZH R 13°C, Bt = Ul 40°C , Bt e (IR -20.7°C 7 H AR, P35 26.4°C 1 H i
1%, -1 -2.6°C ; 4E [k i 697mm , fie KAEFE /K i 1083.00mm , T /IMEFFEK & 434.0mm , K A AN, 5)
KRS AR H RIS 23550 JCFE I 198d; LIRS 48 o 3 B s
1.2 R PEE BTy 12

IRIG T 2018 4F 6 JHEAT, 76 L AR ARl K2 A 40y el PN SR B AS TR o (R B 25 W it o B IR A B 3 AR i 12
FHIERIBAE R 3 ANEE  WFME R ISR 1, HEEST BT FRHE T 13 KSR A HIm B 1—2 AR A
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Table 1 Sample information table

BB/ PR fLAE

' — . Iy
. G Py e
B Ailanthus altissima Aa # AR} Simaroubaceae AL PR Fil
M Cotinus coggygria Ce MR Anacardiaceae 2] iR Fl
JR#E Quercus acutissima Qa 3L B} Fagaceae AL P BB Fil
W Ulmus pumila Up iR} Ulmaceae HFLAS PR F
Bk Juglans regia Jr BIMER} Juglandaceae AL i BB Fil

M E 22 Magnolia denudata Md K22 B} Magnoliaceae HFLAE E iRyl
FEEEMK Liriodendron chinensis Le A28} Magnoliaceae HELAF FEPL TR Fp
230 Cercis chinensis Ch TRk Fabaceae AL FETT R
%I 58 Bothrocaryum controversum Be INZEBER} Cornaceae AL e[Sy
TIREA K Platanus acerifolia Pt B AR Platanaceae WAL e[S P

RoFMALBE DA LBE S ST R0 W AR ST R R

1.3 REFE bR S Ty ik

FH LI-3100C it ARSI 2 P T8 R s A 2% 300 4 TD RS FH A1 48 4300 7, 30 4 1o AR5 8 i T AR AY LU {4 Huber
{E, NSC J2&mT i M BE R R A A AN 20 SR B R 8 T — i R 2l s 77

AR R 4 3em KAREE R SV A ML LS T U1 R VIR R EETE 18—22um , 56 W5 76 £1-B
IR R W e 45, 60—90s , 75N [] Vi 5 1Y & B v v B /K, 7 03l 1 1818 2 J5 FE D627 W i T W4, 7
10x 458 T ML YAE AN b —AFE AR AR A0, 2E X 3—5 IR, S48 A8 8% R U ARy
5 Tmage—J BAIN & 58 B, A BB i) 5 LI 1,
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Fig.1 Tree xylem anatomy image
FIHP LD @O £ 4R ZE Y, 5 (0 N i BEZE S FRAR A B R A B4R P14 LA T A B R FE S B K, LA ATARE Lk £ e )ty B 2 U 22
F T 22 RSORS00 AT AR B, AWK
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SERMERR Pl IR AR TR R, 2R B Y = R S S o R R A T A L9 h 7.689%—25.64%
SEXE ] 17.93%+5.22% ; HRELL L0 22.10%—38.55% , F-3I{E N 34.45% +4.93% ; L YL 41y 43.23%—

64.04% ,F-34{E N 50.46%+6.80%

R2 HENMHARRBERES

Table 2 Variation in 16 xylem traits measured in drought-resistant tree species

e FHE il P "X B YN
Classification Characteristics Unit Mean variation/ % Max Min
K IR XN TN/ Kg m™ MPa™'s™! 66.51 80.35 162.64 15.06
Hydraulic traits FEHE mm > 75.81 71.43 168.76 15.80
SETFH R pwm 60.12 57.66 119.71 25.59
Huber mm?/cm? 0.01 40.73 0.02 0.01
SRR pm 3.13 25.91 4.57 2.55
BKFEHR wm 147.06 22.24 199.56 111.97
AR pm/ wm 0.12 20.61 0.16 0.09
A R L 5] % 17.37 20.47 20.94 12.25
HIRELT B R S % 10.95 39.60 16.63 6.55
Parenchyma SR BEAL 2 L 451 % 7.10 37.60 11.00 3.04
Al ) S A 201 L) % 18.05 17.83 21.80 13.84
IFTER HERE L 2L B % 14.28 16.44 18.71 12.66
TEREZL 21 L ] % 32.33 14.26 38.55 26.50
|3 Y ale g AT PR R wg/mg 0.70 43.38 1.07 0.32
Non-structural carbohydrate TE RV B pg/mg 2.18 23.93 2.96 1.45
S NSC #e i pg/mg 2.88 22.57 4.03 2.28
F3 FREMBHARTERER
Table 3 Variation in 16 xylem traits measured in non-drought-resistant tree species
o3 FHE Hfy F-H{H A S ZR B RME I/ME
Classification Characteristics Unit Mean CV/% Max Min
VIR EIN Huber {8 mm?/cm? 0.02 58.05 0.03 0.01
Hydraulic traits TR R KR Kg m™' MPa™' 57! 15.18 45.54 23.14 6.63
TR mm™2 131.79 34.97 186.47 72.97
S A L] % 18.49 34.70 25.64 7.65
A4 AR L 151 % 0.12 20.81 0.15 0.08
RS R pm 72.22 18.29 85.36 51.91
SETFHER pm 39.85 16.14 46.87 31.93
SRR pwm 1.55 9.33 1.81 1.43
HEREZH 41 B R S L) % 5.56 67.46 9.80 0.86
Parenchyma il 1) 7 RE ZH 2 L B8 % 8.08 45.27 12.43 3.55
S B 2R L 451 % 2.52 20.60 3.02 1.57
IR W RE L 2L B % 22.49 19.30 29.88 18.55
HEBE LT ST L 1 % 30.57 16.59 34.34 22.10
ARG H Ak TERIUR B pg/mg 1.13 29.06 1.52 0.58
Non-structural carbohydrate CIReES ey 37135 ng/mg 0.39 27.46 0.53 0.24
B NSC kB pg/mg 1.52 22.25 1.77 0.90

2.2 PUEWMSGARDTRM ARG PR (NSC) #1922 5+

ANTRIAR AR A BT NSC ¥ A8 S 850K (72 5 R AN 40.30% ) o JBRHR (Qa) HYTEH Hk BETE 10 A i o B
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Fig.2 Xylem Non-structural carbohydrate differences between different tree species
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Fig.3 Differences in vessel anatomy between different tree species
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Fig.4 Synergistic analysis of xylem traits in different tree species

TR RWLMRR B L RLMRRA BE AR AW AR R ; * :P<0.05; * * :P<0.01
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Poiseuille 2 At , MAHYIA T 345 BLARRKRET KB MdoR s, SRR ABFST spoa Fi g 5 BE
JEEYS K, KT R P9 E AR R B EAACOCR (R34 0.554,0.781,0.727) X — m7EHLF
PEFR AR 28 (B 4) | RIABIFFE BT A0 1) 48 AR RO T, L A R ) A5 B B N 3
) [R) B 7 A s ML S ) A BB RIE RS K AR I A G i 28, 48 BE L A — o B b nT AR AL
PRSP R A BE R P SILIE RS, LR SRR B r LR Y A BE (IR T 7K 4338 Hi 1 %
Sk, ARBESE T BT R RN LA B KR A [RI A — e R R T 2 4k DRI AR B s 7K 4332 i v
BVE 5 % AR AU

NSC WAEY) A K S A AR AL e IR O S HIT TR TR R R A mEE A, E 2R
AT TERERIERS . AT RAE Y A ) T R IR Th 2B B T T, R Y A vk B R i — K
S ISR T R S At A R R L AR ST T B R R Y NSC e Ry (2.882
+0.689) pg/mg, L& TIPSR (1.528+0.358) we/mg , 76 B EA B w5 A B8 338 13 P DA % 48 i A s 4L
IR, Toshihiro %5 % WL I AE 40 A S FAS: SEAE 2 RE 77 2 FU B B A o , JH I PRIt 2 o] A 4 A B8 v o
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