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Abstract; H. ammodendron is a pioneer tree species to prevent wind and sand and improve the ecological environment, but
there are bottlenecks of low survival rate and slow growth in the planting process. Scientific and reasonable irrigation
protection is the key to ensure the survival and healthy growth of H. ammodendron seedlings. Over the years, the research on
H. ammodendron irrigation protection technology mainly focuses on a single irrigation method or protection measure. There is

a lack of sufficient understanding of the comprehensive comparison and difference analysis of multiple irrigation protection
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measures, which to a certain extent restricts the optimal selection and rational application of irrigation protection measures.
In view of this, four types of irrigation protection measures were set up: traditional surface drip irrigation (TSDI), non-
irrigation vertical pipe protection ( NIPP) , vertical pipe surface drip irrigation ( PSDI) , and non—irrigation non—protection
(NINP). The differences in soil moisture distribution and the survival rate of H. ammodendron seedlings under the different
measures were compared through the field cylinder planting experiment, and the root characteristics of H. ammodendron
were analyzed under the different measures and the combination of vertical pipe parameters ( pipe diameter and burial
depth) . The results showed that soil moisture increased with depth under the four measures, and the soil water content at
the same depth in the same period showed the pattern of PSDI>NIPP>TSDI>NINP ; one year after transplanting, there were
significant differences in the survival rate of H. ammodendron seedlings under the different measures, with the highest
survival rate of 88.9% under the measure of PSDI, and the lowest survival rate of 11.1% under the measure of NINP , while
the survival rates under NIPP and TSDI measures were between PSDI and NINP, 81.5% and 44.4% , respectively. Among
the four irrigation protection measures, the maximum values of H. ammodendron root biomass, primary root growth and
various morphological indicators ( total root length, total root surface area, total root volume, average root diameter and
number of root tips) were found in PSDI, and the root biomass, primary root growth and each morphological index in NIPP
were better than in TSDI but not as good as in PSDI, while they were all at the minimum in the NINP model; The vertical
pipe parameters in the PSDI measures had a significant effect on the growth of the H. ammodendron root system ( P<0.05) ,
and at the same pipe diameter, the root biomass, primary root growth and root morphology indexes showed a tendency to
increase and then decrease with the increase of the burial depth, while the root-shoot ratio showed a pattern of decreasing
and then increasing; At the same burial depth, the root biomass, primary root growth and root morphology indexes increased
with the increase of the pipe diameter, while the root-shoot ratio decreased with the increase of the pipe diameter. In the
overall analysis, the PSDI measures were the most advantageous to the root growth and development of 1-year-old H.
ammodendron under the four measures, and the optimal combination of the vertical pipe parameters under the three pipe
diameters (9, 11 ecm, and 16 cm) and burial depths (10, 15 em, and 20 cm) was 16 c¢m for the diameter of the pipe and
15 ¢m for the depth of the buried pipe.

Key Words: Haloxylon ammodendron; vertical pipe surface drip irrigation; root biomass, morphological indicators;

vertical pipe parameters
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Fig.2 Excavation site of H. ammodendron root system
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Fig.3 Variation curves of soil water content at different depths under four irrigation protection measures
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Fig.4 Effect of different irrigation protection measures on the survival rate of H. ammodendron seedlings
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Table 1 Biomass and root-shoot ratio of H. ammodendron under different irrigation protection measures

. MR EYE Root biomass i F A Above-ground biomass
LT : : il
Irrigation protection measures /g Ty fif /g TH/g Root-shoot ratio

Fresh weight Dry weight of roots Fresh weight Dry weight of roots

NIPP 3.10+0.46b 1.87+0.41b 9.81+3.16ab 7.19+2.91b 0.28+0.06bc
PSDI 3.64+0.58a 2.17+0.38a 11.01+2.79a 8.85+3.02a 0.26+0.06¢
TSDI 2.88+0.41b 1.70+0.42b 8.35+2.86hc 6.21+2.71b 0.30+0.06ab
NINP 2.48+0.50¢ 1.41+0.42¢ 7.08+2.97¢ 4.77+2.37¢ 0.33+0.08a
P 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***

NIPP ; JCHEE B4 B 3 No irrigation pipe protection ; PSDI; 845 11 F 7% # Vertical pipe surface drip irrigation; TSDI: {4t b 32 % # Traditional
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Fig.5 Morphological characteristics of the root system of H. ammodendron seedlings under different irrigation protection measures
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Table 2 Main root length and thickness of H. ammodendron under different irrigation protection measures

. 2022 4£ 5 H 2023 45 H M KE Amount of growth

TR T By 3 i it - - - - - -

Trrigation protection measures FHK/em FHUHL/mm FHK/em F AL/ mm FK/ em F A/ mm

Main root length  Main root thickness Main root length  Main root thickness Main root length  Main root thickness

NIPP 17.60+2.12a 1.84+0.23a 45.17+7.60b 4.58+0.71b 27.56+9.10b 2.75+0.66b
PSDI 17.93+2.77a 1.89+0.27a 50.84+10.31a 5.20+0.69a 32.91£12.02a 3.31+0.50a
TSDI 17.23+1.90a 1.99+0.44a 42.27+7.34b 4.33+0.76b 25.04+8.22bc 2.34+0.71¢
NINP 15.96+£1.91b 1.66+0.34b 36.97+8.51c¢ 3.55+0.73¢ 21.01+8.71¢ 1.89+0.76d

P 0.008 ** 0.004 ** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
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0.05.P=0.01 i1 P=0.001 /K FAA1E g 255
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Table 3 Morphological indicators of H. ammodendron root system under different irrigation protection measures

HEWR 74 15 it SR/ em SRR R cm? SRR em? ROV Y A2 /mm A%
Irrigation protection measures Total root length  Total root surface area  Total root volume  Average root diameter ~ Number of root tips
NIPP 270.88+62.09b 118.42+56.21b 3.37+1.56b 0.96+0.40b 472.00+126.35b
PSDI 437.80+195.78a 148.68+72.83a 4.54+2.72a 1.15+0.40a 760.11+374.91a
TSDI 238.30+55.95b 99.55+45.24h 2.73+1.19b 0.83+0.34bc 408.29+112.48b
NINP 156.69+33.03¢ 70.59+26.01c 1.70+0.64c 0.66+0.30¢ 230.96+67.82¢

P 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
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0.05.P=0.01 il P=0.001 /K FAA1E g5
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RA YRR, AR S LB s/, 255 40T, A R E RS T, D=9 em A1 B=20 em 45 HH I
FIHS R S T/, 3900 7.63 g.2.88 g F15.36 g.1.79 g ARTE AR K, 7 0.34, 1 D=16 cm Fl B=15 cm
AR A R B N T E AR, 209 15.87 g.4.62 g F114.68 g.2.66 g, M7 /N, 4 0.18,

R4 BEBREERETEESENRREVERRE LN
Table 4 Effect of vertical pipe parameters on H. ammodendron biomass and root-shoot ratio under vertical pipe surface drip

irrigation measures

ARG T/ g Mo b/ g MR TH/g Wb TH/g W
D/cem B/cm Fresh weight Above-ground Dry weight Above-ground Root-shoot
of roots fresh weight of roots dry weight ratio
9 10 3.07+0.28¢B 9.30+0.18¢B 1.92+0.22bA 6.70+0.36¢B 0.29£0.05aA
15 3.78+0.14cA 11.32+0.45¢A 2.12+0.06aA 8.77+0.13cA 0.2420.01aA
20 2.88+0.20bB 7.63+0.15bC 1.79+0.25aA 5.36+0.42bC 0.34£0.07aA
11 10 3.73+0.11bB 11.58+0.49bB 2.36+0.12aAB 9.15+0.08bB 0.26+0.01aAB
15 4.11+0.12bA 14.16+0.21bA 2.53+£0.35aA 12.40+0.30bA 0.20+0.03abB
20 3.05+0.20abC 8.16+0.21abC 1.84+0.38aB 6.12+£0.20aC 0.30+£0.06aA
16 10 4.13+0.06aB 12.78+0.27aB 2.37+0.14aAB 10.06+0.14aB 0.24+0.02aB
15 4.62+0.12aA 15.87+0.14aA 2.66+0.29aA 14.68+0.33aA 0.18+0.02bC
20 3.44+0.32aC 8.34+0.45aC 1.91+£0.33aB 6.36+0.41aC 0.27+£0.01aA
P D 0.000 *** 0.000 """ 0.016" 0.000 *** 0.009 **
B 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
D*B 0.167™ 0.000 """ 0.575™ 0.000 *** 0.993™

D% Pipe diameter; B; HI& Burial depth; 77 225345 R | W —3E T | F—SIAS W) /NG FBE R R 4548 (8] 22 7 W 35 (P<0.05) ; [/l — 812
T, =3I RE SR RR R E] 25 5 538 (P<0.05) 5 # | s il s x 43 HIFR A FEEAE P=0.05,P=0.01 Al P=0.001 /K LAF7E B #2557,
ns FIRZEF AL (P>0.05)

242 BESHCFHRBRR AL SR L L
X PSDI 7 AP AR AR BRI BEHEAT 8 3, S0 2RO, MR K (R 5)

x5 EEHREEEETEESHENRRERKEMHEENZIT
Table 5 Influence of vertical pipe parameters on the length and thickness of H. ammodendron main roots under vertical pipe surface drip

irrigation measures

2022 4E5 A 2023 4E5 A K Amount of growth
D/em B/em FEMRK/em FEAHAH/ mm FMHREK/em F A/ mm FHRK/em FEHHL/ mm
Main root Main root Main root Main root Main root Main root
length thickness length thickness length thickness
9 10 20.67+0.58aA 2.05+0.10aA 45.00+3.61aB 5.19+0.06aA 24.33+4.16aB 3.14+0.16aA
15 19.67+1.89aA 1.55+£0.49¢B 52.33+1.15cA 4.84+0.09¢B 32.67+1.40cA 3.29+0.07cA
20 18.00+1.00bA 1.59+0.08bB 40.00+2.00bC 4.32+0.14bC 22.00+1.00bB 2.73+0.07bB
11 10 18.00+1.00abA 1.81+0.05bA 49.00+1.00aB 5.09+0.24aAB 31.00+1.73aB 3.29+0.26aA
15 18.00+1.02aA 1.92+0.23bA 59.33+0.85bA 5.54+0.30bA 41.33£0.35bA 3.62+0.10bA
20 16.67+1.52bA 2.02+£0.15aA 39.67+1.53bC 4.97+0.09aB 23.00+1.00bC 2.95+£0.07aB
16 10 17.00+2.65bB 1.98+0.03aB 48.67+3.21aB 5.33+0.54aB 31.67+5.86aB 3.35+0.54aB
15 12.33+1.53bC 2.36+£0.21aA 74.00+1.32aA 6.77+0.18aA 61.67+0.76aA 4.41+0.04aA
20 21.00+0.87aA 1.73+0.09bB 49.53+1.75aB 4.75+0.15aB 28.53+1.17aB 3.03+0.07aB
P D 0.003 ** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
B 0.019" 0.020" 0.000 *** 0.000 *** 0.000 *** 0.000 """
D+*B 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.008 **
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FH R 5 AT UL MR M 1R AR BRI B2 1 16 < 1 4 i il 2552 e ( P<0.01) , TEAR RIS R 451 R, 4R
K T FIUREL i L 174 138 R 2 S0 RS DB/ N B A, T D= 11 em B, B =15 em B9 35 AR B FORL S 88 K 540 1
10 F1 20 em AR 51K T 33.3% ,10.0%F1 79.7% .22.7% 5 5 12 % T AR B8 AR (9 44 B 350 A B 3%
R (P<0.01) , [Al—3RRA, F2AR K B AUHLEE B4 i A2 (0 38 K38 K, B=15 em B, D =16 em MY EARKE
FVKLEE 38 5050518 61.67 em M1 4.41 mm, 5 D=11 cm A LL, 4350380 T 49.2% 1 21.8% ,5 D=9 cm L, 43
FIEINT 88.8% Fll 34.0% . LE4 WAL, AE D=16 cm Fl B=15 cm HE& PR K R E K S8

KR,

BT 6,

Table 6 Influence of vertical pipe parameters on morphological indicators of H. ammodendron roots under vertical surface drip

irrigation measures

K6 EEMREERETEESHMRRIRRLSIERERID

FEX) PSDI it , 70 2 A W) B SR 5 T MR BRI RV AR SRR R AR P 25 AR AR R

. BRI on® RV e BT/ K
D/cm B/cm B em Total root surface Total root Average root Number of
Total root length area volume diameter root tips
9 10 317.39+45.50bB 92.13+4.58¢B 2.50+0.10¢B 0.79+0.17¢B 376.67+22.19¢B
15 451.00+16.84cA 183.58+5.83bA 5.09+0.76¢A 1.22+0.05cA 851.67+74.93cA
20 224.93+8.69¢C 42.71+9.62¢C 0.81+0.05¢C 0.49+0.17bC 261.67£13.32¢C
11 10 330.15+25.15bB 142.71+4.08bAB 3.22+0.29bB 1.10+0.02bB 608.67+24.03bB
15 577.71+£42.62bA 195.43+53.41bA 7.33+0.43bA 1.59+0.09bA 1184.00+169.73bA
20 249.44+1.30bC 100.31+£5.91bB 1.82+0.12bC 0.97+0.04aB 578.33+£32.96bB
16 10 504.12+15.99aB 160.16+3.02aB 6.69+0.09aB 1.30+0.11aB 872.00+55.67aB
15 880.48+27.11aA 299.58+9.87aA 9.33+0.93aA 1.85+0.01aA 1476.00+124.9aA
20 405.01+17.46aC 121.31+5.91aC 4.08+0.27aC 1.10+0.03aC 632.00+18.52aC
P D 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
B 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
D*B 0.000 *** 0.006 ** 0.018" 0.332™ 0.051™

R 6 7] UL B R AR RXMR BRI R AL S8R A IR 50 (P<0.01) , PR 20T SR SR R T
TR SRR TR SR 8 A2 BAE (P<0.05) o [Al—45 80T, BB TRIR I K R R & TR S in 3R B o
BERJG IR/ E S, W D =11 em BF,B=15 em MR (577.71 em) AR R EFL(195.43 cm®) SRR
(7.33 em®) AP EAE(1.59 mm) FIHRIREL (1184.00) AHLL 10 F1 20 em AYHEZR S HIHE K T 75.0% .36.9% |
127.6% 44.5% 94.5%F1 131.6% 94.8% 302.7% .63.9% 104.7% ; {EM[RIHIR &1 F AR R BT S 48R B
BRBE R K, W B=15 em /KFTF,D=16 cm BRI AR FLE R AR AT AR5 B A2 R AR 15
oK, 4390 880.48 ¢m ,299.58 em’® .9.33 cm’ . 1.85 mm1476.00, #H Lt D=11 F19 cm, 43 HIHE I T 52.4% |
53.3% 27.3% 16.4% 24.7%H 95.2% 63.2% 83.3% 51.6% 713.3% . L&, 76 D=16 cm fl B=15 cm 4H
A T IRRIR RS IE BTG AR I N E RAE.

3 it

3.1 A[EFEBEBT IR T SR I R I A Y 5

L) [0 DRI R K G DRk, N 2 2 R 2 B B, 3K 73 OMABL I A= K B R SR I3 DY 1, T AL
Xt AR I I B AR N Rl AR R AT . WFTEACB, 4 BRI T K R R R K
AR I 2 R B8 v 2 3 2 i B i R I 5 R T, X — 7K A3 o3 A1 IR R TR AR 2% 1) TR =
PR DA o HAT R RT3 5 IEIRAE ) A I s B VD VB 2R U R e bk DX UL 8] 114 - 398 7K 43 43 A 1L
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AR — 2, 05 AR S VO R IT 45 ALY IR EIE K AN A Ta) —EH AR [R) R BE PSDI (1) 38 5 /KR S
F NIPP [, 1 [a]— VR TSDI Y + 35 ACR AR T NIPP (1), X v g S E 28 & F ¢, NIPP 44 F i T4
ARG T K PR S ARG T b e XU, S TR 148 N A I ZE AR . O AN T RE SR Bl B 1 IR UL E 1 [
6, 02 T R EE LS /K IR G, T A5 X 2 AV P A B4 K R A7 T F Ok 2 m T V2 3
TR SRR AE RIS P IR ATT 20 T X — B AW , 78 S S AT IE R T 4 T PR ST A R I T 9
Gk MG . BIRKFE Al —B AR R IR BE 1 5 /K 6 3R ILh PSDI>NIPP >TSDI>NINP B RLAL , 3X — ML
T4 T D DX A e P S 5 o e HLA E B S, 6 T OV W A R 0 b X SR FHAE {28 B 4 A A A s bt 2
— AR T X T A A M X K b T S A R A BRI ZS A , 4R A Hh R E R e,
FETD XM Pk 2 5 EE e PR R S B T AN, R IE  B R i 2 6], 0—20 em R - HEF K
HEFIENR, 1M 20—40 em VREE2E BN, X EZIEFH 20 em DLV 228 R R EL, RATXZE & 77 AL Ml 1
FH LM 20 em DU U228 K005 , KA AR UE I . MR T FE RS R 0, FEAS B8 4 il ys | 78 0 %
BHPRIIEDLT  AUREE KIRFEIK , M A BTG SR AR AR, LI /K X A7 76 BB M4l
FERARE I, U A R PP H ol R PR AR RN AC T AR A AT N R R BE SR T, B
RN PSDISNIPP>TSDI>NINP (LA 33X AT g J2 i TR X MR AR MR 2R 772 T VR, I 457 B 4P X AR Rl
B T PRRAVER, 534 PSDI Fil NIPP it T 38 5 K SARRT R 57, AR T B AR ) B AE B A i 7K (L
3.2 IRV R B AP T B MR AR BT AR A 5 e

TR B AP Tt 2 MR AR R A K B B A i AR R AR & SOE SR bR (E Y 2 3L PSDI>NIPP >TSDI
SNINP (LA, 4307 R PR AN [ B 4 15 it 5 e 1+ 38K 43 19 25 5%, PSDI $5 it T 137 P 38K 4 & e
W KM S TR R A RISt gl T AR 0 SCRVR &, (R RAR R AE W it AR RIE AT bR 438 2 ok
{8 ; 540 NIPP (AR R4 Wyt KOS F6 0300 T TSDI A1 NINP 5%t , 3 =50 )5 P T I845 B3 B A SR 7
FIRBEAR TN T K28 % M H IR EIKORBFFER R KT, RS B K ST, Km0
TR AR TRBIRAN AR LT, (MR R & EH, X 54 Pk %5 8 a3 0 78 350K 2 e X % iR
FAER WSS —8, BRARAARE L S I PSDI<KNIPP <TSDI<NINP AR | 13 & K8 + 37K 73 X 42 12
i B0 Y S X MR A0 B 5 R T 8k, PSDIT R it 3K > S A R TR R R 1 R
K, FEURGE LA ; )e 2z, NINP $5 T - 58K 40 & i 8%, T TAe e s 3B 20 i A= (A5 AR e L3 oK
X5 ERSESEDY SRR K 5 B ok A K ROK AR RO 58 245 R A — 2, 5 Shan %57 B 5e 4%
FAEW) A
3.3 R HRTEHEIEIE T SE SEOR AR RIE A RHE A5 10

A5 Ml R T U T AL S SRR VE VR AR X D T K R A AR T b v R R XL 3 X A ) 4 1
155, A A R TR O B ) K SRS A LT LA 3 AR B B R, L R R R R A
FARAE R e fEMERE . B SECIRMRAR R A KA B, Y88 — i), A R R R AR
Pri | FEARIE K 5 SR RIE AT AR 13RI Ry Se 8 5 el A R , AR IS b D) 52 S/ I 368 R i) i 3 Rl g
2 F AR AEGR (10 em) B, /K 75 5 BGA MR | 3 U K78 A4 % T A R TR (20 em ) B AR R YA
li) B R 32 BT R — g i) AR R AR i | AR I SR FR T8 2S48 2 Bl A5 A2 A 15 T3 O TATAR e EE
O it A5 A5 3 KT/ 3 AT RESE PR R A 4RI /N (9 em AT 11 em) | S TREEMRAR ML L AR RAE K 2R, N2
GRS A0 T % 18 P A R BRI | 5T 16 em I, i T840 30 R K PH 23 Ok T AR IR 61485 P b 2
IR & SR 2 i A A RIS 3G N2 35 AR ; 2 A S R, A 8 2 R (BR, ELVE R K 25
Sy BIA MR  BEMZE AR, A RAR IR RGN A K A2 R A K A IS R s R & T ARG I, 27
G AE 3 FAEAE(9 em (11 em A1 16 em) FIHREE (10 em (15 em 120 cm) 45T, 848 16 cm FIHHEE 15 ¢m
EEARTERRIE AR NSNS .

o UL R AR A AR 2 1 AR K 28 R i K, 5 5EPRoR Bl ) i A K AT — o 25
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5 AR R A T i — A5 A RIS ; 73 50, A SER TG S48 0 PVC M 5, 5 I8 B2 bR XE R A 7]
B, S5 AT T AT B 2o RO VD PRI AR AT T 5 KO XA T AR A 2 A i 1 O B 4t — e
AR T BB AT ROR

4 #Hig

DL ARA AR 4l B a3 b R, 3 ok B A0 R R K, B OY T A% S b R T HE ('TSDI) | TG HE R 5 A B B
(NIPP) "B 45 i 2 3% E ( PSDI) FIJGHEIE TG 7 9" ( NINP ) 45 4 R it T 387K 4350 A S AR R &1 i i 2R 2%
S, 00T TR A S (B R IR ) A5 TR R MEIREHE, EZEERT .

1) 4 FPEE R 4 05 it 3 K 43 17 Wil J2 0% B 1 185 DK 184 K, () — B S0 R R 3 48 5 KR R By
PSDI>NIPP>TSDI>NINP £ ; PSDI MR &R AL Wi | ARG K it SR R S 4805 38 R S KM, 1 NINP
B34 A e /IME, NIPP (65T TSDI 145 F PSDI,

2) VBT B T R AR B G AN AR TR S R E R E 255 . Bk 1 4F )5, PSDI i
TR R g, TR F 88.9% , NINP fiiitti T 19 i 2R 5 ik, 1A 11.1% , 17 NIPP F1 TSDI $i5 it T 0 TG 4 T
PSDI Al NINP Z[H], 73514 81.5% il 44.4% ;

3) PSDI 57t ™ S S HO BB AE KA BEZ W, HER—EN MAAEYE  EARK AR BREK,
SRR AR SRR ARST- 2 AR VKR B B35 IR 114 14 TR 22 S 1 R el /N R R 4 AR B DU 22 S0/ N I 3
K MR — i R R AW E | R HLUEE S AT S8 R34 B8 12 0 36 I 38, MR 5 HE s/

22 3L Hf ( References) :

[ 1] Zhao W Z, Hu G L, Zhang Z H, He Z B. Shielding effect of oasis-protection systems composed of various forms of wind break on sand fixation in an
arid region: a case study in the Hexi Corridor, Northwest China. Ecological Engineering, 2008, 33(2) . 119-125.

(2] 75, Sk, Z=0een, Ak, T8 KERD. PETRS2HERK. PEBABE T, 2020, 35(6) : 656-664.

[3] SKIEM, 83U, skak, whade. sPREPYILREE X PR R e b R AT s Sh4SAE. P ETMEE, 2023, 43(2) @ 130-138.

[4] Wei WJ, Wang B, Niu X. Soil erosion reduction by grain for green project in desertification areas of northern China. Forests, 2020, 11(4) : 473.

[5] CaoX, JiaoJY, LiJJ, Qi HK, Bai L C, Wang X, Sun X C. Morphometric characteristics and sand intercepting capacity of dominant perennial
plants in the Eastern Qaidam Basin: implication for aeolian erosion control. Catena, 2022, 210: 105939.

[6] LiXR, ZhangZ$S, Tan HJ, Gao Y H, Liu L C, Wang X P. Ecological restoration and recovery in the wind-blown sand hazard areas of Northern
China; relationship between soil water and carrying capacity for vegetation in the Tengger Desert. Science China Life Sciences, 2014, 57(5):
539-548.

[7] XuGQ, YuDD, Xie ] B, Tang L S, Li Y. What makes Haloxylon persicum grow on sand dunes while H. ammodendron grows on interdune
Lowlands: a proof from reciprocal transplant experiments. Journal of Arid Land, 2014, 6(5) : 581-591.

[ 81 skJF, EhAnify, BRI, A, KK, ELR. T ERRIEAY I ks 5 KOTIRE L. A2, 2022, 30(1) ; 42-51.

[9] HeP,Li YF, XuN, Peng C, Meng F Y. Predicting the suitable habitats of parasitic desert species based on a niche model with Haloxylon
ammodendron and Cistanche deserticola as examples. Ecology and Evolution, 2021, 11(24) . 17817-17834.

[10] Zandalinas S 1, Mittler R, Balfagon D, Arbona V, Gomez-Cadenas A. Plant adaptations to the combination of drought and high temperatures.
Physiologia Plantarum, 2018, 162(1): 2-12.

[11] Stephenson N L, Das A J. Height-related changes in forest composition explain increasing tree mortality with height during an extreme drought.
Nature Communications, 2020, 11(1) . 3402.

(12]  Ede, BEU, WL, AL 30K, TRAME MM 4l B A8 o il B 0 3 07 1 S A i v A AN M SE TR AR S A, A AL R R, 2021, 19(15)

5157-5163.
[13] JW, BWerR, TS, BEZUT, TWF, 25024, FMR 2%, I, MR FSR SR T 5 BOE LR e 22 5. AW A= 252440, 2022, 46(9) :
1064-1076.

(14]  RRM:, skMe, Dbk, (R, T8, &8, T8, f/NES. JCHE A R B P R SRS MORTHOR SR, s ERE . AdnBlag, 2014,
44(3) . 248-256.
(15] RS, BRiFde, S/NE, SRR, ML MRTR R L0 T B [ ARA6 L + 5 A S 9 I8 R AL, A= 5224, 2018, 38(16):

http ; //www.ecologica.cn



16 T A A RIS PP i AR AR R AR W SO AR 7289

[16]

[17]
[18]

[19]
[20]

[21]
[22]

[23]
[24]

[25]

[26]
[27]

(28]
[29]
[30]
[31]
[32]

[33]
[34]

[35]

5810-5818.
JERRE, WARTE - BT, X, RO E. RIROE A R AR MR A B T S AR S N 1 25 5. RS AR, 2021, 41(8):
3178-3189.

Maurel C, Nacry P. Root architecture and hydraulics converge for acclimation to changing water availability. Nature Plants, 2020, 6; 744-749.
Zhang Z Y, Fan B M, Song C, Zhang X X, Zhao Q W, Ye B. Advances in root system architecture; functionality, plasticity, and research
methods. Journal of Resources and Ecology, 2022, 14(1); 15-24.

dkmede, W, XAk, AW, THE, P4, AR R Z R R EOK IR RIS AL AR, 2022, 42(15) ; 6137-6149.
TR, A2, MU, sk, Xk, FAE. 2 AT EAEMAR R AEY BRSNS LHOK S FATER. TRXWI, 2016, 33(1) .
166-171.

XIS, HRoE, BRI, KBEE, X, D, 252, M KIRX SRR ShBE R i s . N AR 22417, 2022, 33(3) : 733-741.
ST, SRAI, AEAKHE, BREE, DR, RIS BE SR ED T U VRIS AR AR 40 1 AR FR A A A AE XA [ I A P . A A S AR
2007, 31(5) ; 769-776.

KRGRIN, ZEMORE, ZR6K, BRATEE, T ShAh. THEEARAR T KRR SR SARBR £ K 5 R R ESE. Bl B4, 2013, 50(2) : 334-341.
KRR, BESC, &/NE, R, IV, B, RRAC. B BUORVDEIL BE B 3P b e K o0 R TSGR A0 BT P RV, 2012, 32(2) -
359-363.

FiFE, e, PUREREAR - KRG, EHE, Wrees, SEM. B0 TR M A K K7 WlcRE. TRIXEFS, 2017, 34(1) -
112-118.

T, FAERE, RISE, MaEHh. B AN T X LR AR SR RS AL ol TAR2A4R, 2021, 37(7) : 103-111.
T, TAERE, S4r4r, DA, B PL. WA MR S 0 e v K S E B e IR B AT K AR IR, 2022, 36
(6) : 163-170.

TG, AL, RIS, ORRIBG RN D R R IR R 1 H ASLRRAE. K - ORIrE ), 2023, 43(6) : 72-80, 88.

JEIEMR, A0, SRERAS, A, M. AR BRI G IR R LUK MRE. K L ORRE L, 2023, 43(6) : 10-17.
BpeAR, AR TL, RN, BRIET . 3R T if R K o S 2 AR (L RIE. AEZ52440, 2010, 30(15) : 4035-4045.

ZRLLFE, TEJTAR, SRR, JETAL, R SURBEEE T R L DOK S BER DL BT, AEZSAAHE, 2009, 29(6) ¢ 3198-3205.

FEAE, BRzak, Gem s, o g 3 7 R R 4E BR T 32 42 4R ( Haloxylon ammodendron) % 138K S35 AL BRI T, 2 252441, 2021, 41
(14) ; 5658-5668.

Prirag, BPE, XIEHER, BRHAEK, 1830 TR Ma X S AR R S LR R, AR, 2016, 36(3) : 748-757.
EWRE, wmHk, SRR, 200, SC/NER, R SR Ky 26 B R OR A K PR i ROK o R RS . AEYI 2R, 2024(2) .
206-212.

Shan L S, Zhang X M, Wang Y K, Wang H, Yan H N, Wei J, Xu H. Influence of moisture on the growth and biomass allocation in Haloxylon
ammodendron and Tamarix ramosissima seedlings in the shelterbelt along the Tarim Desert Highway, Xinjiang, China. Chinese Science Bulletin,

2008, 53(2): 93-101.

http ; //www.ecologica.cn



