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Influence of changing precipitation patterns on the xylem anatomical characteristics

of Artemisia ordosica in Mu Us Sandy Land

ZHANG Fuchong'?, YU Minghan'>* |, HE Yingying'>, WANG Chunyuan', DING Guodong"*, TANG Ying'
1 School of Soil and Water Conservation ,Beijing Forestry University, Beijing 100083, China

2 Yanchi Ecology Research Station of Mu Us Desert,Yanchi 751500, China

Abstract; Investigating the effects of different precipitation treatments on xylem anatomical characteristics of desert plants
can provide a theoretical basis for understanding the adaptation mechanism and predicting the desert ecosystem process
responses to precipitation change in the future. In this study, we simulated the precipitation change in semi-arid climate
zone by artificial precipitation controlling experiment in the desert ecosystem established mainly by Artemisia ordosica in Mu
Us Sandy Land. A two-factor completely randomized experiment was conducted with three precipitation gradients
( Precipitation reduce by 30% , natural precipitation, and Precipitation increase by 30% ) and two precipitation interval
gradients ( precipitation interval 5 days and precipitation interval 15 days). The response of various anatomical characteristic
parameters of the xylem of A. ordosica to different precipitation were monitored. The results indicated that; (1) the number
of xylem vessels in A. ordosica increased significantly with decreasing precipitation amount, and the density and thickness of

xylem vessels increased significantly (P<0.05). A longer precipitation interval would significantly increase the number of
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xylem vessels, thickness of the xylem vessel” walls and mean diameter of xylem vessels ( P<0.05). The interaction effect of
precipitation and precipitation interval on xylem anatomical characteristics of A. ordosica was not significant. (2) The
decreased precipitation amount and extended precipitation interval weakened the sensitivity of potential hydraulic
conductance in response to xylem vessels’ diameter in A. ordosica. (3) A. ordosica could balance the safety and efficiency of
water transport strategy by adjusting xylem vessels characteristics in response to the decreased precipitation amount and
extended precipitation interval. This study indicated that by changing xylem anatomical parameters is an important strategy
for A. ordosica to adapt to precipitation changes. Both precipitation amount and precipitation interval had effects on hydraulic

characteristics of desert plants.
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R, Zimmermann A 7K 1% M 5 R Z RIAATE — RSB OC R | BV K S8 BRI ALY H
K53z R A AR SR Ty R AR TE AR /N B R R HK s SRR B RN 5 KRR IE | %
SR BRI, A AT 2 I SR Y L /N 1 A AR, PR T4 e A v SR BB R TR
oS AR AR I 1A KT AR, ST UK 7 e A RO 22 T (iR L R T L R R B S A
F2ERHE R AR TR = A B R 22

SR E R — O TR F BB R IR AR, 55— A 52 B I S KGR B R DU
WHIE R R 7E T T B R SRR S S, BB AUE/N ' IR IR T 0 R
FAFHRUE K B N AR T R TS K T 5 48 A T B R T R LA A 14 7K 43 R
SR, B AR A AR AL B ST AR SR, BB BE KR 43 B 5T S T TR A K J 2 i (14 A
GRS T BEE A B K SRS ARR A 2 IR 0 AN T R AR K AR SR 1 A R A R R K
JIRFE = R SE I R TTAR ) A SO S i 1) 27 45 KA 118 T VB A A0 IO XoF B KRS JR) AR b 1 7K 3 7 SR 1 I Y IR A
I,

1M (Artemisia ordosica ) /&6 S ZE VD HLALIHFD W B SRV HIEHRE S RGERAAEZEE L, &K
T LA A A IE X 42, 3 3 N T RAK 43 s G0 A 0L X dak A Sk g K Bsf T 4 e A8 A A 15, 28 e T T 78 A i
SAFRRAE U D LU B2 [ . 7 oA SF B /K S RT3 7K ] B S R[] 43 P g R AR 53 (1) s AR T 7 e 5 i
FURFE K 2B T AR M i A8 2 (2) Tl 78 A B0 5 38 1 e S5 R TE S 80 3 /K SR I T 4 B ) 2 75 32 B R i) 2
(3) I WAl 5 7K A3 is i N RBOR 5 2 e Z [ I EFR 7 BIFTE S R LU 2R F X sl B3 K Isf () At Jmy A8 A6 S 15
LR A A7 R ) TN 54 A L B AR

http ; //www.ecologica.cn



16 1 TRES A B R VD HIRE RS SR AL P T RS A SR ) AR A 5 6663

1 #REFE

1.1 AR5

W58 XA T 7 B B H 6 X AR R it EL T B R U b A 745 R 50 1 5 6 WA 5 3, b1 B 25 R VD b g 7Y
F#B1%% (E107°40" ,N37°78") , 134K 1530m , J& T TR KB M WA, BRI 25 K, AR B K & 338mm),
B KER e 6—9 A i, i & FEK 1) 80% 247, Hoh 8 AR /K R % . iR 6.0—8.5C , F Ak ik
=26°C /iy Bt 35°C ey, WFSE IX FEAE Y55 (Artemisia ordosica) ¥ ( Leymus secalinus) V. H
¥ ( Pennisetum centrasiaticum) JGALEN S (Stipa breviflora) 55 . HIELIKES + 0, HUOE R + 5K+, +
HEZERIRA B, B TR, 5 2 AR
1.2 Rt

TRIS AR 6 1 22 VD ML AT s [ 7K 2 R 3K ) B 00U PR 2R AR ARG B . DA 53 IXVINR G 3l 3 30 4 (1990—
2019 4F) DX IR AR BE AR | 15 R /K H RN K ] B B AL KPS bl 30 AFAF R /K i 338mm , Fie KAF
Rk i 449mm , Fr/MEREK I 212mm , B RAEREK B | e/ NMEREK 5 5 4 1 K 2 1Y 22 (86 5 3 75 £ 30% i [F]
W, RIS B W - (987K 30% ) W ( HARREK ) W+ (387K 30% ) =K A HKF

G TR AR A A O], oK TRI BRI E] R Sd AR K 0 2 AR R, o5 64.01% , BE/K TRTRR R 15d LA
BRI A R A AR BE W D, 5 7.59% , IR T(REZK IR 5d) T++(BEK RS 15d) PR K 8]
A BKSF-

Fie FEOWH 2 58 2 BEALA R T, ARSL I B W-T WT W+HT W-T++ WT++ W+T++75>4b B, AR Ak
MR E SAES BB 1 PR,

RIS 2020 4FAfEER b BB SR VP HUTF SR AT, BEHCBIE I R4 35 5 A i 750 3 5 Y AR | TR AR M P
PEI SmxSm 35 /INX 18 B, BEAS/INX U B B GHERRAN , /NX 1 A2 N 32 0.6m TRBEZKAR , LATH BRAHER /N
XA 3K A B R0, A TR T 79 3% 22 P 4F (2020—2021 4F ) 7R3 A= K 301 (5—9 A ) kAT A T4
PAREAK , A BEK IR 1 FiR .,

F1 BARESHKEREBEZE

Table 1 Setting of precipitation amounts and precipitation intervals

i ST AR i R T A JIFEATIC
ot Average monthly S vl verage precipitation per event/mm Monthly precipitation
precipitation/mm wW- W W+ Frequency
5 33.09 T 3.86 5.52 7.17 6
T++ 11.58 16.55 21.51 2
6 41.08 T 4.79 6.85 8.90 6
T++ 14.38 20.54 26.70 2
7 72.39 T 8.45 12.07 15.68 6
T++ 25.34 36.20 47.05 2
8 63.51 T 7.41 10.59 13.76 6
T++ 22.23 31.76 41.28 2
9 52.71 T 6.15 8.79 11.42 6
T++ 18.45 26.36 34.26 2

W H #AF%/K & Natural precipitation; W— 7K 30% Precipitation reduce by 30% ; W+ 37K 30% Precipitation increase by 30% ;T : F& 7K [A] [ 5d
Precipitation interval 5 days;T++ [#/KIA]ff# 15d Precipitation interval 15 days
1.3 RAESFE1R I
1.3.1  IEEARHRAE S A5

TG AR I N T REKAL B T 2021 4F 8 H 3. 1= 8:00—10:00 Xl #EA TR, 76 5l X 2L
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B3 BRI AT el A 24 14 [RIA Y ES | A — R TIE B =R R A4 B R e A, B IR 1) AR s
TE 0.08—0.10cm, FH BT JJ WU A BB, BcA U0 1 b FHRE T A 28, O i b sty (o] S 6 35 A0 3 T AR o
VIR WilfE . VIR IR HITE 0.1mm 2247 o SRIGXHD] A dEA T e €, Y € Jor SR FH 3300 2 0. 1% 5 21—l 0B
WEIRA Y, Ye At B] A 30min, 2 J5 2R 90% L1 75% £ 1% 50% £ MR EAT I €6, | A Foboe JEE A 1 M €6
2min, FEGE WAEE T UL, 1E BRI 6 IR I 411 B
1.3.2  HIEEIKCRMNE

7 2021 47 6—8 H 4y, BEAT5¢ 1 4 H FEAK AL HRLS XF 4 0047 BORE , %o A A BN X BE B 3 ARl ML - 45
BURE A A T IEEURE 245 BB 0—10em . 10—20cm . 20—30cm . 30—40cm . 40—50cm . 50—60cm J2 Y 135 |
T ST I KR (%) .
1.4 FdlEatr

KA Tmage-J BAEXS A TR A S5 8 AR EA T I S o0 BT . EARSS AR DU B A5 AR

SERERLIE (1) AT BRI 6 NP T I THNAC B 8 S48 T L M IR, R R[]0 [ A o AL
TR P R A2 10 2 (R A A B JRL S

SEHZE(D) .

D =./4A/7 (1)
AR K FRFE(Kp )

Kp =mp,/128n x VD x (D,)* (2)
SHEKITERE( Dh )

Dh=( X D'/n)7 (3)
SEEECVD ).

VD =n/A (4)

Ao, A FERDIH; Kp IR FIKR, P, :Z@7k%g,ﬂ998.2kg/m3; n KRS B0 MPa/s; n o 45
Bt

X AN [ K A Jmy T T T AR B i )RR AE S O R 2 KR AT B 5 22 53 T ( One-way
ANOVA) >R H] Games-Howell-test #4720 FeA , FH— M P A5 ARG 560 ik /I e AR 38 7 ) s 300 60 A Joi 98 i 1) 2
BOE MRS BN . R ] Pearson AH S 73 B A 56 1l 85 AC BT 8 45 A 1 RRAE S B R AR G PE . BHiE e 1ok
SPSS 26.0 #E475347

2 HRE5SH

2.1 AN[EIBEAK AL BT IS BV RO 2 B KR RHE

40—60cm 1 )2 +HE S K R ZFEIKAG R AL BREZ IR 5825 (P<0.05) (6 2) , WHT++4A0 BRAY + 385 /KR i 55
THAALFE (P<0.05) , W-T AbF Y + 38 57Kk 3 i AR T HAAL I (P<0.05) o HoA R A Jry 2b 3 22 [1] 22 AN
B3 (P>0.05) , W-AbFARE: W W+ FRZH IS KR 5180 T 5.6% 17% , SRS, KK 5 i3
Rafe 7K 0] i B ) B4 I 2 i 40—60cm TR )23 4= 38 55 7K 28 1T HoAth - )23 A 38 15 7K 00 R Kk At Jeg 22 A e 1o AS it
L T AME K R K AT 1) 38 B XN [R) 4 )2 35 KR I8 B34 52 m (P>0.05)
2.2 AT K AL BT vl i A A SRR AR 1) 25

AN B K A BT 37 A R A PR ) BRI I 22 S (R 1) SR O A S B nT A (£ 3)
R 7K Ko 5 AR B A B A 3 5 ( P<0.05) , W= W WHAbFIAH a5 B i iz . ARAS T W-Ab 3t
H,W W+ B S B B0 T 7.78% 30.0% KK 8] B st [] X9l 78 A B S48 B A i & 52 ( P<
0.05) M8 T T ALBRA , T++Ab IR SRS BRI T 34.2% . AT 20, B /K 2 A Us 20 AR K 1) B Bt ] fr) %iE
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R2 BREEREUMNBEHEARLELES KRN

Table 2 Effects of precipitation pattern change on soil moisture content in different soil layers of Artemisia ordosica community

[ 7K b T AR £ HEF 2 5 7KK Soil quality water content at different levels/%

Precipitation treatment 0—10cm 10—20cm 20—30cm 30—40cm 40—50cm 50—60cm

W-T 1.6+0.5Ca 1.9+0.2BCa 2.1+0.2ABCa 2.7+0.1ABa 2.9+0.1Ab 2.7+0.2ABc¢

wT 1.4+0.2Ca 2.2+0.6BCa 2.8+0.8ABCa 3.5+0.6ABCa 4.4+0.8ABab 5.2+0.4Aa

W+T 2.2+0.7Aa 2.6+0.5Aa 2.9+0.5Aa 3.2+0.1Aa 3.4+0.2Aab 3.2+0.4Abc

W-T++ 1.5+0.001Ca 2.3+0.4BCa 2.6+0.4BCa 3.9+0.2ABa 4.8+0.3Aab 4.5+0.5Aab

WT++ 2.1+0.6Ca 2.5+0.4BCa 2.5+0.3BCa 3.1+0.3ABCa 3.9+0.3Aab 3.6+0.3ABbc

W+T++ 1.5+0.1Ba 2.5+0.7ABa 3.3x1.2ABa 4.2+1.5ABa 5.5+1.5Aa 5.3+0.6Aa
o 7K 2 AR AR K ] B %o S [ )2 A /K R 1 38 BN (F )

WXT 0.255™ 0.132™ 0.421™ 0.050™ 0.007"™ 1.222™

KRR E kR A Rl — KA R b 3T R[] 2 5 53 2% 5 (P<0.05) ; RIFIAR/NG S0 3R Rl — + 2 AR ek ks Jo b 3 1) LA 3%
25(P<0.05) ; * :P<0.05;ns: P>0.05; W-T. FE/K i/ 30% T FEK ] Sd 4bFE Precipitation reduce by 30% and Precipitation interval 5 days;
WT: 3 S&KFEK R RFK ]G 5d AL Natural precipitation and Precipitation interval 5 days; W+T; [k B3 il 30% T /K [A]B& Sd AL Precipitation
increase by 30% and Precipitation interval 5 days; W—=T++; F#/K &=IF 2> 30% FFE/K IR 15d 42 Precipitation reduce by 30% and Precipitation interval
15 days; WT++ F 2Rk & T &K IAIFF 15d ZLFE Natural precipitation and Precipitation interval 15 days; W+T++ /K B34 11 30% T FEK F R 15d
KB Precipitation increase by 30% and Precipitation interval 15 days; WxT; [ 7K 32 55 [ 7K [A] B ¢ HLRL R precipitation quantity Xprecipitation interval

interaction effect

0 500 pm
e —

1 A[EBE K AL EE T i & AR R AR AR 3 1K
Fig.1 Anatomical images of the xylem of Artemisia ordosica with different precipitation treatments
WT: B /0 30% T REK AR S5d AbBT; W 15 SRREK T K (TR Sd ARBT; W+ Bk B 30% T REK R Sd ARET W-T++: K
S 30% T K IRIRR 15d AbBE; WT++; [ SRFEK BT oK IR 15d AR BE W T++ . (K BN 30% T WK ARG 15d 4021

WA K Sk 3 5 A T S - 34 S48 B AR I TC B3 52 0 (P>0.05) |, H 2 ¥ 7K 8] B B[] 1) 2B K 5 /N 1 it
RGBT A8 B A% (P<0.05)  AHES T T B4, T++ b FRZH 34 45 AR WD T 10.8% , F7K 1 (0 /0 b
FHEIN T I A B S BEJELRE (P<0.05) , MIAS T WO ALERA , W-Ab HR A S A RE S RN T 56.8%, [A/K[E]
IR FF [E0) X 38 786 AR 8- A7 JE2 - IC J 3 52 i ( P>0.05)

Raf 7K 8 L % I 7K T o s [ P A 22 2 i 25 R ) 1 9l o A B9 45 2% 8 ( P<0.05 ) o [ /K i )ik 2 3 m 7
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AT P AR WAL BT, W WA BB A S B T 7.91% 29.86% . WK ] 1] 2
K T ST A T S A0 AR T T AL AL T+ AL S BEE I T 34.11% ., MoK O s K
R AL K, 3452 30085 1 A 00

XU 722 41T (46 3) WKtk 5 WK ] WA A5 A A 9 B0 0 S LA B8 (P>
0.05) ,

F3 BAREFMEXKEORIAERRDENFIFHESBEMHNERFTESTER(FH)
Table 3 Two-way ANOVA results ( F-values) for the effects of precipitation and precipitation interval on each anatomical characteristic

parameter of Artemisia ordosica xylem

AF 5 Variables

T8 Index

W T WXT
S ¥R n Number of vessels 6.899* 15.047 *** 1.177
X AT A Average vessel area/um? 1.236 1.061 0.989
WX FE AR D Average vessel diameter/ pm 0.643 10.941" 0.433
K G H A% Dm Maximum vessel diameter/ um 0.189 2.883 0.388
S 7K J1H 4% Dh Hydraulic diameter of vessel/um 1.069 2.091 0.904
A BEJELIE | Vessel wall thickness/pum 9.333** 0.102 0.221
AU E VD Vessel density/ (n/cm?) 6.899 * 15.074 *** 1.177
TE1E % K 7K # Kp Potential hydraulic conductance/ (kg m™' MPa™' s7') 0.254 0.025 2.869

% . P<0.05; % * ;P<0.01; * * % ;P<0.001;W /K E%U precipitation quantity effect ; T, F&7K 8] BE 2% precipitation interval effect; WXT; f&7K

T 5 RRK A FR S HALW, precipitation quantity X precipitation interval interaction effect

2.3 JIEAR RS S RS T R OR AR R SR
W% 4 P AR KR AL BER il 5972 S A8 AR A8 /K ) BAR 5 T i K Rk R B A7 25 1B A
KKAR(P<0.05)

x4 AEEXEZFGHTHERRBEINSHESEERASKENEXE
Table 4 Correlation between xylem anatomical parameters and potential maximum hydraulic conductivity of Artemisia ordosica under different

precipitation conditions

WK Bk A7 Index

Precipitation levels n A D Dm Dh t VD
W- 0.73** 0.80 "~ 0.30 0.25 0.64" -0.10 0.73**
W 0.07 0.86""" 0.93 " 0.87 """ 0.93 " 0.31 0.07
W+ 0.13 0.77*" 0.74** 0.75"" 0.85"" -0.22 0.13

% :P<0.05; % * ;P<0.01; * % % . P<0.001;n; 25 E Number of vessels; A V-1 545 M B Average vessel area; D: F3) 345 HE Average
vessel diameter; Dm ; iz K 34 4% Maximum vessel diameter; Dh; 347K 77 12 Hydraulic diameter of vessel ;t: 45 BEJEE Vessel wall thickness; VD

SAFEE Vessel density

WAL BRI 5 1 A HORE B SR R B ACRAETE B IEMIE R (P<0.05) SR TTTZAI
FAE W WL SRE R ARTELE . W WK A S 0 S 148 ek S 42 SIBE R K Sk
FACAE R E ISR (P<0.05) , i W-LLZAIF I RASETE, L ELSRARWIMEKIA H & PE il T L
3ot A S SRR K S8 R, TFEAE P SRR I L R A0 4% 4 , W85 197K 38 i 5
S R S RSB, T A K TR A B S T A R K S A LR

TEREKIAIIG 5 5 15d FOAPET Il 00 4 A TR 3125 2800 SR E RO SR I AE7E 1835 1E A G
K (P<0.05) , Hoh SETEREKIRING 154 A0 B AT AR R AT B, AR ) AR 5 M TE Rk Tk
SR KR35 T K TG S ALBRAL, BT R K ) RS i 2 K855 7 A5 B 5 KRR IO GHE (R 5)

TR AR R K D RN T 0 B T, T 85 19 S A B R 5 W E R R S R A 7E A
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x5 AREBKERHEGTHERRBHENSHEEERKSKENHEXYE
Table 5 Correlation between xylem anatomical parameters and potential maximum hydraulic conductivity of Artemisia ordosica under different

precipitation interval conditions

W K I B AT FRFR Index

Precipitation interval levels n A D Dm Dh t VD
T 0.49"" 0.827** 0.85"** 0.76 *** 0.83 """ -0.14 0.49"
T++ 0.47" 0.65"" 0.60 " 0.43" 0.69 """ 0.21 0.47"

# . P<0.05; * * .P<0.01; * * * .P<0.001

3 e

3.1 KA R AR SO A 7 AR A 52 )

e A 25 RGO A B0, B K R/ R R TR A S R GE ) B IR S R 37 | 1 R ) o T U
HYIEES SRR o P AR S =850 5, K e B i S & # A /N AR K%
MRFAE R ST R IR M) ol N 2 R0 5 R EE > B AR DU K R R
JiE S5 2 RSy 2ORGERE SOKRE S Y FEAEFSE T FERR K B IS BE T, i R R R S A
W2 SAEREIRERG R SR IR H X 5 DI D AT 45 R KB,

AR S5 G E R K KR EA HHE R RS Hagen—Poiseuille B AT S48 HAABA K 53
BRI ARMAEE SR, S AR S T TE R Gk R 2 ) (A DG R 22 SRR Bt 1Y 1 35 2 M) (R
4) . TEHRBERFINGK 30% 5640 TR N S8 HAR S BTER K FIKRWIEFHICK R, 7EHUK 30% 5514 T X
BRI S PETE 2, Tk B B RS Hagen—Poiseuille BB AHE . 98 B SRR SR M 5 R B9 R0 BE
RPN K T AT T R B AR T A B R R 2 R AR R AR B 2 3 4 K
B I S B0 (VB TE IR K /K SR TG, OBk 309% 1 A BRI 785 58 AR ST K K RAETE
IEAHDCHE . BARAE BN TR BE T BT 19 2R3 (EARIE T 2 B, Ik 309% 114 Kb B3 i i e iod 39 8 T
HeRF T ISTE IR KA AR Rh 1 R 28 38 U /K BE T 19 T I
3.2 (oK I BT i v A SO P A F AR A 52 )

Rep 7K s A% S P 28 A o A ) 2 BT R A S L 2Bk )Y ST K T Rl o i) A28 K T 3 e A AR - 4K
(14 30 B 43 e X AR 4 AR BEE Bl = A R Y 3 2T DX AT 5 e T K T B s [ S AR 2 R K
SRR R e 7 TR SR I 2 AR AR AR A T R a0 FEAER T R K T B
R[] ) A2 I 5 0 T Il R 40—60cm 1Y 35 /KR8 0 R 2 T HE S KR TC B R, 455 I Hh I A A
B SCHR AT, AT WSO 222004 382 40em AT R ZR A i (4 060 HE BV £ 59650 18T 30em
TREEARS PRI, 7K ) I e ) -5 0P R 22 A 5 /K B RO 385 MR K S i A B 3 SR T AR 9 2 3
IEf 7 [0 o o ) S 185 DR Vit o 1) S R RN 2 s/ 1P A AR X SR TETE 52 T R A R
A BT I BRI LA ARSCHE AT TR (6 5) |, SEA K TR B i ()5, e A8 BAS oK
HAR CFE K HAR SR RO SRR Z B AR SC O R0 , B8 B X oK A B A RE ) T B, e g 5
Wik /K ey 95 AR AR B — B3R 4) |, g mT LHEIN | 56 7K [ 588 I [ SEE 406 9t 78 77 A 1 B8 ™ A i 3E L
7, 33X ] BEZRE K (] PR AE (R 2 T R R I BRI, SOl & R 2 T RS Ry me N, EA
AR R TR A /K [0 ol ) K A — R Ui/ 1 i 7 W SRR T 398 S22 0k 4 T R R AR e 25407
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