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0N Characteristics and N Fractionation Effects of Vascular Epiphytes in
Subtropical Forests of Ailao Mountains
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Abstract: The natural variation of nitrogen (N) isotope composition (5'°N) in leaves has been used to study the
N acquisition and utilization strategies of epiphytic vascular plants. However, the '’N fractionation effect that
occurs during N absorption, transport, and assimilation in plants often affects the reliability of research results
based on the !N natural abundance method. Whether '°N fractionation occurs in epiphytic plants and leads to
0N differences among different organs, as well as whether leaf 6'°N can be used as a reliable proxy for

whole-plant §'°N, remains unclear. This study took epiphytic plants in the subtropical evergreen broad-leaved
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forest of Ailao Mountain as the research object, analyzed the §'°N variation characteristics of the whole plant
and each organ, and the relationship between the §'°N difference among organs and other traits. The results
showed that the 6'°N of leaves (-3.48%o), stems (~3.47%o), and roots (—2.25%o) of epiphytic plants were all
negative, indicating that they mainly relied on 'N-depleted N sources from atmospheric deposition. Except for
Oreocharis longifolia, the other epiphytic plants (Cautleya gracilis, Lepisorus scolopendrium, and Pleione
hookeriana) showed N isotope fractionation effects among leaves, stems, and roots (leaf-root: —1.23%o, leaf-
stem: —0.62%o, stem-root: —1.10%o), but usually lower than those of terrestrial plants. In addition, the leaf-root
5N fractionation value of epiphytic plants was significantly negatively correlated with leaf §'3C (r=—0.57; P<
0.01) and root §'3C (r=-0.57, —0.50; P<0.05), which may imply their high sensitivity to water deficiency. The
05N of epiphytic vascular plant leaves was significantly correlated with whole-plant §'°N (R%,;=0.526, P<
0.01), confirming that leaf '°N can be used as a proxy for whole-plant §'°N. This provides an important basis for
using leaf 5'°N to explore the N acquisition strategies and ecological adaptation mechanisms of epiphytic plants.

Key words: Vascular epiphytes; Subtropical forest; Natural abundance of nitrogen isotopes (J'°N); N

fractionation; N nutrient; Water stress
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Fig. 1 N content of epiphytes in subtropical evergreen broad-leaved forest of Ailao Mountains. Different capital and small letters upon column indicate

significant differences at 0.05 level among the same tissues of different species and different tissues of the same species.

0
s
9 L] Ll ]
Z AT
w
—6r Bl <R EE Oreocharis longifolia
-~ B 7255 Cautleya gracilis
o [ %% KCF5 Lepisorus scolopendrium
¥ [ 203522 Pleione hookeriana
*
4=kk Whole If Leaf ¥ Root “% Stem
ZH 41 Tissue

Pl 2 FORLTE A 3 SRR AU R 1SN *: P<0.0S; **: P<0.01. FF

Fig. 2 "N of epiphytes in subtropical evergreen broad-leaved forest of Ailao Mountains. *: P<0.05; **: P<0.01. The same below



%5 W

SRS AL AR AR IR AR R A 01N RRIE R A TR RS

499

S 00 SR, APNieat roots A Nicat-stem FIA Nitem-root
TEARFEYFE TR E Z R, RUAFEMEDF
PPN R AR R T R ) IO 43R AR o B A R A 1)
A Nieat root H—3.32%0~1.51%0; A" Nicat stem J9—2.38%0~
3.12%0; A Nem root N-3.10%0~1.59%o. %5 8] 6N ~F
I ZAE S IWA " Nicat oot (—1.23%0)>A*Nitern-root (—1.10%0)>
A Nieat stem (—0.62%0) I FI A .
2.4 MIAEEMIERN 015N S8R E R

Bt A AR A A P 4 8] 23 TR G e PR DG
TS KK 4), APNieatroot 5 6°C (L.5"C)
(r=—0.57, P<0.01). 18 6"3C (R.3"*C) (=—0.50, P<0.05)
FIAR 0N (R.0VN) (r=—0.57, P<0.01) 5 .2 Uk 5%,
A Nicat stem 5 2 0N (S.0"5N) 5L 2 UM 5 (r=—-0.72,
P<0.05); A"Ngemroot 5525 C F#(S.C) (r=0.64, P<
0.05). 4=Fk 6N (W.6"°N) (r=-0.87, P<0.01)F12%
5N (S.6"°N) (r=—-0.87, P<0.01)%&.3& IEHI%.

z £

oY fz 7z oz oz & 3

U U ZzzRt IR K JUzF
O ¥ B od & 4 & B o4O &2 4O & 4«

L.C . 0.61 —0.19 0.06 0.22 049 0.63 -0.37 —0.46 -0.17 —0.15 -0.12 —0.14 -0.26

RC m . —0.58 -0.62 0.33  0.19 0.15 -0.31 —0.10 -0.16 0.52 -0.23 -0.65 0.07
L.N ﬂ . =0.21 | 0.11 036 -0.05 —0.32 -0.10 —0.96 | 0.22  0.80 -0.19

R.N =0.17 | 0.03 —0.12 —0.04 -0.36 0.24 -0.96 —0.69 0.33

Lsvc [
Roc [

0.69 —0.04 -0.21 -0.01 —0.06 —0.01 —0.24 —0.66 —0.05 0.47 0.24

0.80 —0.34 —0.57 0.03 -0.19 0.15 0.05 -0.57

.—I)A-I =0.71 -0.17 -0.39 |-0.01 0.16 -0.50

W.6"N B 074 079 011 | 018 0.2 011

L.6"N n m . 048 | 041 | 0.08 —0.11 | 0.44

R.6"N n . 0.09 | 039 0.16 057

L.C:N n .—(l.zs -0.77 | 029

R.C:N *% 073 -0.33
ey - BB EIE Bl --
AN

uuuuuuu t

BT R, A A 6PN (L.6°N)
54k 6N (W.OPN) 2 B2 IEAHSE, RN W.OPN=
—0.008+0.839xL.0"N (R%,4;=0.526, P<0.01).

o KM # Oreocharis longifolia
m 2% Cautleya gracilis

& HEE LTS Lepisorus scolopendrium
A BJEMMER2 Pleione hookeriana

AN (%o)
(=)
|—0'—|

—4

IH-25 Leaf-stem Z5-HR Stem-root
T Organ

K3 MRS R 619N ZE

I-# Leaf-root

Fig. 3 Differences of ¢'*N among organs of epiphytes

z Z
L ZE Z A
08 Oz %R N O Z Z
G B B B o own oAdow |
0.6 S.C 048 040 | 033 | 042 045 | 059 046 046 0.64
0.8
04 SN .-—0.23 0.09 007 0.98 093 0.90 | 051 -0.31 06
S.s”C ~057 050 023 013 -0.10 015 027
F0.2 15 04
W.0°'N 97 ~0.10 | 0.06 | 0.03 -0.54 076
15 0.2
Lo SO°N -0.14 072 087
— 0
S.C:N . 0.94 -0.93 047 | 0.29
-0.2 -02
LN:SN . . -0.95 -0.56 | 0.47
-0.4
-04 SNRRN . . 0.53 ~0.44
AN B . -0.6
caf:stom * -0.83
o -l mpEEng-f
1
-0.8

P 4 B AR B A Nicat rooc 5~ HR(ZE)~ A Nicatstem A Nitem root 5 Z2CH)EAR 8] IR S o J7 BT B ERAAR 56 R A Ao 0f (ERRR - W 2o Lo it

S: Z;R: R,

Fig. 4 Relationships of ANieat o0t Of epiphytes with leaf and root traits (left), A" Nieat stems A Ngtem root Of €piphytes with stem traits (right). The larger the area

of the square, the greater the absolute value of the correlation coefficient. W: Whole plant; L: Leaf; S: Stem; R: Root.

3 MRS

3.1 FAEEYRA SN ERS

B A= AR o B MM 3 R N SRy,
HoN ZORYR E ZARM T 2 BRI N KR
[ & AE T AN N PR 01N R E AR 7R 22 5

AR A, AR 0N N-5.62%0~—1.41%0,
P15 N-3.48%0, 5 Hietz Z5P2HRIE Y 2 882 FffAE
TP A 0N “FI{E (—3.24%0)AH I, I HA A% T
A BEAR(0.46%0) FITRA(1.87%0) T 05N 15, B A=
T AR T RS SN S &R, X175
F 6PN HE N S22 MRS — P 3CFE. A



500 HAH W AR 27

133 %

RIS, 4 Witk 6N B R B E>EE2
>R PL A>T SRR 2 AR, K] 6PN fE
B AT AL E T R TR, ey, 7ERFTIAEE
IR R AR I FEB R, B AR A 0PN
YRRV 2 ST W I R U SR RN A e X/
MG N YRR EL A AR RIAR S, A TR SN R
AP (N B s =2) B 22 ML T R PN
TR, A SR B AR, PR
Y B AR 24 2) U B 22 e lSOe 2 R NOJR, X
6 N YA TR T RE R A LR 6PN AR,

KB FLEREY, BRRKHHEEE &SN, R
AP & BT A 0PN AR R, RN [FAL
RAMAESRE AL, KAE T BER PN 218
RONE o 5 A AR FC T I A 7 FR 61N 22
S 2.0%0)FH ELIS2420), ABFFUM LI -4 PN 73
TR AL IN-1.04%0),  [FIINH.55 T EF ik B i A
HY RAR I AR R MR AG) 0N ZE08(-2.3%0) ). 5
P AR B R 3 B2 WP BRI AN[R], 2 L B
PEREIREE T2 B N BRI B, A A
TR AL/ R A P 2 058 280N T R 5 L T Ml BE 7™ U )
N B K, XA AL NSRZE, 5NALEY
M6 R B AR AIZ Far AR O I N R 3R 70 TR . 2
AR, TS TR 6PN 2 F BN,

AHF I I AR AR 0N BN, R
NRREEI P& 4R PN. JRT, FERS AR, il
H A EAR R AR N, RIAR 61N ZEE Y IE(ER .
X AESRA [F] AR 61N 73 A1 R T RESCBR T N
[P0 for B A 22 53 20 ML N [0 R Rl TR 3 i
B A2y UL A BB FERR . 25 rh 2 2y A 0L,
NHy R R AEAEARES, DL it R, A
PR 2= TR A PLECR B — R R R,
FESAE R 6N AR T NOs R FER
SRR R DU, RIS SRR R AR PN 2y
T4 3 BOR B [F AL B NOs Il A T 4% B vh 2 L
A DA R PNPI o A RIS [FIAE NOs™,
USRI AR K PN A N IR AEM AL, AT
BUH A 6N RS, IR TR AAE Y IR
AR 91N ZEAE T R AN 205, SR, NOs 1E4%
BRI EL T BCZ B KB B SR
N YT PR RG24 an AR YIRS N JRAE IS
i RE R B gs = AT R, WA S
AP N AT Z0H-AR 015N ZE 4B 1B,
P, AWFTENSERIMAEYI MR, 222 PNZ

WIS, TTRE SR T AR R N R E
R T

ARFFH, B AR AN [F PR R TR 30 AR
(P38 B 1) SN MR, KR B R 65N AR
ST T (—0.05%0), S MK HE 57 N R 1) 12736],
B N A AR 32 EEE MR — i s ) e
AT AR 82 Bz R B R R A N &,
HFHE N SERETH N SENISERIE. I
PRI N I S R AL R — 5, R
H P AR S F A B ) TANDS, KR TL o 1 615N A8 5
FERALEAR-ZEZ 0, Wr-252 [ 05N Z 74
/N, IXETRER A HARIR ZE B R N [FIILAE ST,
MR Re s BRI RS AL . BEMGE
AR SR SR DLE OON AR, KN Ff
RO NAE S S E M Tk e, BB
LAl AR B E M I N FELAR A
E, WNHM A& N & AT PLEHEX — .
BhAh, BB L MR EZERR T B B N IhRE
b, thE&—ER N FLRE ST,

FHORTE A AT a5 I B, I AE R N 4y
PG S5 A AR BRI 013C (il SR R R, 01C
SR K A RIS LR E B R bR, R 913C
(B % R Y B E E KRR, HThe
T 1 2 5 PR 7K 43 P 38390 3 b Waaia ST RIF T
g, AN AERYH AR 0N RN X
Ko7 B . IEAh, 2R DN M E S C B &
BEIEFADS, RUIM-ZEME1 6PN IRV 1T i 5
EIoRF g G, SHSR)IEENE. Ciifihk
T 2% o AN 28 B TR ) A0 VA i 5 28 Fr 05N R 25 A
5, XE BRI OVON 4 R B B E SN B A
- (R ELRER I
3.2 AEEYIH A R4k 65N IR R

TEVF LRV I AE R N &5 R8T, Ay
SUN FEAE B FIME 4k 015N RIARHHE R, X2 b
AR TE R R 1 T 3 A A SR A 45 AT R DA
SEREHR AR BB AR 0 25 28 B AR08, 5
FRARAR I BUR A Fo VE 6] 3 2 (R 0 4 b 04T B3
KBE . AWFRGE BRI F 0N F4tk 0N H i
SRR R, HEHEMFKT L, YFhmF 6N
M 54k 0"SN BME AL A ITTIE SRR A7 61N
TERNARR 0N ARG FR S BR8], 4k [A]
AR T 5 H B

g5 b, AL AR Sk R AR B AR A A 1



5

SRS AL AR AR IR AR R A 01N RRIE R A TR RS 501

OUNHEBUUE, T R4, R L ERH
TRAVIFER) PN 2046 N 5. B A4 N A7 TE 2
I N RN, o TR N T AR R A
T Bty i X B AE RSP 257K, X — 22 ] e
PR 3 2 L I R AR PR B 2 0 T i B 0 4
i N e BIARIR N PN 2B S5 A7 AE )l 8]
ZESr, BT RN N R BOR AR AT AR
o A FEIBUESE, HEF 61N ] DU 208 A4k 01N
BEATAHIRWETT, XA A 01N SRS R 2R AR &
HABRG N SRRt 7 REE KR . AR
SERTVRAL TR AAEY) N M TSRS B, oM TE
W BRMES RSN N RSO 1B R A K
o BT I ZEAED SR KIAA S22 5 ST E A AL,
DB TR AN EE AR R A 2 DR Ge e H N R
A AIESS BASRFIAL R A5 52l R, N 2357
F BALHINLEAT 5 12— RN RL RSB -

g T R 2 1L AR 2 o R 2R R R e A N AT AT B AR I
A SZ R, DR A L E R H AR RS X SR B RS AR
MR NARE i =

£ PN

[1] ZOTZ G, WEIGELT P, KESSLER M, et al. EpiList 1.0: A global
checklist of vascular epiphytes [J]. Ecology, 2021, 102(6): €03326. doi:
10.1002/ecy.3326.

[2] KRAISER T, GRAS D E, GUTIERREZ A G, et al. A holistic view of
nitrogen acquisition in plants [J]. J Exp Bot, 2011, 62(4): 1455-1466.
doi: 10.1093/jxb/erq425.

[3] LEROY C, CARRIAS J F, CEREGHINO R, et al. The contribution of
microorganisms and metazoans to mineral nutrition in bromeliads [J]. J
Plant Ecol, 2016, 9(3): 241-255. doi: 10.1093/jpe/rtv052.

[4] ZOTZ G. Plants on Plants: The Biology of Vascular Epiphytes [M].
Cham: Springer International Publishing, 2016.

[5] HIETZ P, WANEK W, WANIA R, et al. Nitrogen-15 natural abundance
in a montane cloud forest canopy as an indicator of nitrogen cycling
and epiphyte nutrition [J]. Oecologia, 2002, 131(3): 350-355. doi: 10.
1007/s00442-002-0896-6.

[6] AUBREY D A, NADKARNI N M, BRODERICK C P. Patterns of
moisture and temperature in canopy and terrestrial soils in a temperate
rainforest, Washington [J]. Botany, 2013, 91(11): 739-744. doi: 10.
1139/¢jb-2013-0153.

[71 YONEYAMA T. Characterization of natural '*'N abundance of soils

[M]// BOUTTON T W, YAMASAKI S I. Mass Spectrometry of Soils.

New York: Marcel Dekker, 1996: 205-223.

[8] HOGBERG P. Tansley Review No. 95 N natural abundance in soil-
plant systems [J]. New Phytol, 1997, 137(2): 179-203. doi: 10.1046/j.
1469-8137.1997.00808 .x.

[9] ROBINSON D, HANDLEY L L, SCRIMGEOUR C M, et al. Using
stable isotope natural abundances (6'°N and §'3C) to integrate the stress
responses of wild barley (Hordeum spontaneum C. Koch.) genotypes
[J]. J Exp Bot, 2000, 51(342): 41-50. doi: 10.1093/jexbot/51.342.41.

[10] STEWART G R, SCHMIDT S, HANDLEY L L, et al. >N natural
abundance of vascular rainforest epiphytes: Implications for nitrogen
source and acquisition [J]. Plant Cell Environ, 1995, 18(1): 85-90. doi:
10.1111/5.1365-3040.1995.tb00547 .x.

[11] EVANS R D. Physiological mechanisms influencing plant nitrogen
isotope composition [J]. Trends Plant Sci, 2001, 6(3): 121-126. doi: 10.
1016/S1360-1385(01)01889-1.

[12] HIETZ P, WANEK W. Size-dependent variation of carbon and nitrogen
isotope abundances in epiphytic bromeliads [J]. Plant Biol, 2003, 5(2):
137-142. doi: 10.1055/s-2003-40730.

[13] CARDELUS C L, MACK M C. The nutrient status of epiphytes and
their host trees along an elevational gradient in Costa Rica [J]. Plant
Ecol, 2010, 207(1): 25-37. doi: 10.1007/s11258-009-9651-y.

[14] WANEK W, ZOTZ G. Are vascular epiphytes nitrogen or phosphorus
limited? A study of plant '*N fractionation and foliar N:P stoichiometry
with the tank bromeliad Vriesea sanguinolenta [J]. New Phytol, 2011,
192(2): 462-470. doi: 10.1111/j.1469-8137.2011.03812.x.

[15] WANIA R, HIETZ P, WANEK W. Natural N abundance of epiphytes
depends on the position within the forest canopy: Source signals and
isotope fractionation [J]. Plant Cell Environ, 2002, 25(4): 581-589. doi:
10.1046/j.1365-3040.2002.00836.x.

[16] CHOI W J, PARK H J, BAEK N, et al. Patterns of 6'°N in forest soils
and tree foliage and rings between climate zones in relation to atmo-
spheric nitrogen deposition: A review [J]. Sci Total Environ, 2023, 900:
165866. doi: 10.1016/j.scitotenv.2023.165866.

[17] LIU Y, SUN W, JIA T, et al. Leaf nutrient resorption of vascular
epiphytes is regulated by stoichiometry and nutrient limitation control
strategies [J]. Plant Cell Environ, 2025, 48(6): 4550-4563. doi: 10.
1111/pce.15455.

[18] System Research Office, Kunming Branch, Chinese Academy of
Sciences. Research of Forest Ecosystems on Ailao Mountains, Yunnan
[M]. Kunming: Yunnan Science and Technology Press, 1987: 74-117.
[ ER B W e RS T2, = R LR AES RGO A
M]. Bl ZERH HARAL, 1987: 74-117.]

[19] LI S, LIU W Y, LI D W. Epiphytic lichens in subtropical forest eco-



502 FAGHT T HAHT A ) 27 1

133 %

systems in southwest China: Species diversity and implications for
conservation [J]. Biol Conserv, 2013, 159: 88-95. doi: 10.1016/j.bio
con.2012.12.027.

[20] JIAY L, WANG Q F, ZHU J X, et al. A spatial and temporal dataset of
atmospheric inorganic nitrogen wet deposition in China (1996—2015)
[7]. China Sci Data, 2019, 4(1): 1-10. [BZE, TR, K824, &
1996—2015 4 E RS TEHEIRYUEN 28 R EHR4E (1] ERE
B (P IESC AR, 2019, 4(1): 1-10. doi: 10.11922/csdata.2018.
0031.zh.]

[21] PU X Y. The ecophysiological basis of light in determining the vertical
distribution of vascular epiphytes in subtropical forests of Ailao Moun-
tains [D]. Beijing: The University of Chinese Academy of Sciences,
2020. [FEFHRHF. 2L LR ARG RE 4% B AL 4 R T B4y A
R BRAE S ZENLE] [D]. dbat: S EREERK 2, 2020.]

[22] HIETZ P, WAGNER K, NUNES R F, et al. Putting vascular epiphytes
on the traits map [J]. J Ecol, 2022, 110(2): 340-358. doi: 10.1111/
1365-2745.13802.

[23] HIETZ P, WANEK W, POPP M. Stable isotopic composition of carbon
and nitrogen and nitrogen content in vascular epiphytes along an
altitudinal transect [J]. Plant Cell Environ, 1999, 22(11): 1435-1443.
doi: 10.1046/j.1365-3040.1999.00502.x.

[24] HU C C, LIU X Y, DRISCOLL A W, et al. Global distribution and
drivers of relative contributions among soil nitrogen sources to terre-
strial plants [J]. Nat Commun, 2024, 15(1): 6407. doi: 10.1038/s414
67-024-50674-6.

[25] DAWSON T E, MAMBELLI S, PLAMBOECK A H, et al. Stable
isotopes in plant ecology [J]. Annu Rev Ecol Syst, 2002, 33: 507-559.
doi: 10.1146/annurev.ecolsys.33.020602.095451.

[26] HOULTON B Z, SIGMAN D M, SCHUUR E A G, et al. A climate-
driven switch in plant nitrogen acquisition within tropical forest com-
munities [J]. Proc Natl Acad Sci USA, 2007, 104(21): 8902—8906. doi:
10.1073/pnas.0609935104.

[27] KOHL D H, SHEARER G. Isotopic fractionation associated with
symbiotic N, fixation and uptake of NOs~ by plants [J]. Plant Physiol,
1980, 66(1): 51-56. doi: 10.1104/pp.66.1.51.

[28] DIJKSTRA P, WILLIAMSON C, MENYAILO O, et al. Nitrogen
stable isotope composition of leaves and roots of plants growing in a
forest and a meadow [J]. Isot Environ Health Stud, 2003, 39(1): 29-39.
doi: 10.1080/1025601031000102189.

[29] KALCSITS L A, BUSCHHAUS H A, GUY R D. Nitrogen isotope
discrimination as an integrated measure of nitrogen fluxes, assimilation

and allocation in plants [J]. Physiol Plant, 2014, 151(3): 293-304. doi:

10.1111/ppl.12167.

[30] KALCSITS L A, MIN X J, GUY R D. Interspecific variation in leaf-
root differences in J'°N among three tree species grown with either
nitrate or ammonium [J]. Trees, 2015, 29(4): 1069-1078. doi: 10.1007/
s00468-015-1186-3.

[31] YONEYAMA T, KANEKO A. Variations in the natural abundance of
5N in nitrogenous fractions of komatsuna plants supplied with nitrate
[J]. Plant Cell Physiol, 1989, 30(7): 957-962. doi: 10.1093/oxford
journals.pcp.a077840.

[32] COMSTOCK J. Steady-state isotopic fractionation in branched path-
ways using plant uptake of NO5~ as an example [J]. Planta, 2001, 214
(2): 220-234. doi: 10.1007/s004250100602.

[33] EVANS R D, BLOOM A J, SUKRAPANNA S S, et al. Nitrogen iso-
tope composition of tomato (Lycopersicon esculentum Mill. cv. T-5)
grown under ammonium or nitrate nutrition [J]. Plant Cell Environ,
1996, 19(11): 1317-1323. doi: 10.1111/j.1365-3040.1996.tb00010.x.

[34] CUI J, LAMADE E, FOUREL F, et al. 6"°N values in plants are deter-
mined by both nitrate assimilation and circulation [J]. New Phytol,
2020, 226(6): 1696—-1707. doi: 10.1111/nph.16480.

[35] KOLB K J, EVANS R D. Implications of leaf nitrogen recycling on the
nitrogen isotope composition of deciduous plant tissues [J]. New
Phytol, 2002, 156(1): 57—64. doi: 10.1046/j.1469-8137.2002.00490.x.

[36] ZHANG T T, LIU W Y, HU T. Stoichiometric characteristics of facul-
tative epiphyte Briggsia longifolia in evergreen broad-leaved forest in
Ailao Mountains [J]. Acta Ecol Sin, 2022, 42(15): 6265-6273. [3K{545,
RISCHE, TP, T2 1L S R bR ek Y A R ) A 2 T
fiE [7]. AR, 2022, 42(15): 6265-6273. doi: 10.5846/stxb2021
01040024.]

[37] DIAZ-ALVAREZ E A, REYES-GARCIA C, DE LA BARRERA E. A
6N assessment of nitrogen deposition for the endangered epiphytic
orchid Laelia speciosa from a city and an oak forest in Mexico [J]. J
Plant Res, 2016, 129(5): 863—872. doi: 10.1007/510265-016-0843-y.

[38] ZHU J J. A review of the present situation and future prospect of
science of protective forest [J]. Chin J Plant Ecol, 2013, 37(9): 872—
888. [RHCH. Pifr MR AR S R (1], MWK, 2013,
37(9): 872-888. doi: 10.3724/SP.J.1258.2013.00091.]

[39] CUI X L, HE Y L, LI Z S. Spatial-temporal variation of vegetation
water use efficiency and its relationship with climate factors over the
Qinghai-Xizang Plateau, China [J]. Chin J Appl Ecol, 2022, 33(6):
1525-1532. [HEFEHE, MIAF, 58, i R 2RI H 2k
W2 AR K AR T R R (7] BLHZEZS 224k, 2022, 33(6):
1525-1532. doi: 10.13287/j.1001-9332.202206.024.]



