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Adaptability of foliar morphological, anatomical, and physiological
characteristics of the pioneer species Artemisia scoparia growing in a hilly-gully

Loess Region at different slope sites
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Abstract: Soil erosion by water is considered to be a dominant erosion process in a hilly-gully Loess Plateau, and leads to
land degradation and desertification. Although many researchers have investigated the dynamics of plant community traits
and soil properties caused by erosion, the effects of soil property variation on vegetation succession, especially in terms of
ecophysiology, on abandoned cultivated land in a hilly-gully Loess Plateau region have received little attention to date. This
study investigated Artemisia scoparia, which is one of the dominant species in early abandoned field communities in hilly-

gully Loess Plateau. We tried to find the environmental acclimation and succession niche changes for this species. The foliar
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morphological, anatomical, and physiological characteristics of A. scoparia at three different sites ( namely sunny hilly
slope, SH; hilltop, HT; shady hilly slope, HH) were investicated. Relationships between foliar plasticity and
environmental factors were also examined. The results demonstrate that (1) A. scoparia has special morphological and
anatomical characteristics, such as needle—shaped leaves, trichomes, a ring palisade, water storage parenchyma specialized
from spongy tissue, and a secretory cavity, that enable it to adapt to semi—arid environments. When the ability of vascular
tissue to transport water decreased, C, plant leaves exhibit characteristics similar to CAM plants. (2) On the SH and HT
sites, which are characterized by dry soil, low air humidity, and strong light intensity, A. scoparia had a smaller leaf area,
thicker palisade, denser trichomes, and tighter intercellular air spaces than of those growing on the HH site. Furthermore,
obvious differences among site conditions can be observed. However, the redundancy analysis (RDA) results revealed that
vascular tissue traits, main vascular bundles, and area ratio of xylem to phloem, have a weak correlation with environmental
factors. (3) A. scoparia had a low relative water content (RWC) , less chlorophyll, and a high superoxide anion radical
content on the SH and HT sites. In contrast, superoxide dismutase (SOD) and ascorbic acid ( AsA) increased at these sites
to clear the reactive oxygen produced by plants. Soluble protein, which shows the osmotic adjustment ability of a plant, had
a weaker relationship with environmental factors. (4) Foliar plasticity had a strong relationship with environmental factors,
especially with light intensity, soil moisture, and soil organic matter content. These results implied that A. scoparia had
strong adaptability to early abandoned sites in a hilly-gully Loess Region that is subject to high light intensities and soil
impoverishment without desiccation. (5) Based on the correlations among foliar morphological, anatomical, and
physiological characteristics of A. scoparia, the studied parameters, except for vascular tissue traits and soluble protein,
were found to be closely related to each other, especially epidermal hair density, stomatal index, and intercellular air
spaces. All the above results suggest that A. scoparia is able to adapt to the microclimate and soil conditions present in early
abandoned fields due to its foliar anatomical and physiological characteristics. These properties allow A. scoparia to improve
its ability to use limited nutrient resources in poor soil environments and to reduce abiotic stresses (including water, light,
nutrient, and erosion interference stresses). This means that A. scoparia is able to attain and dominate an exiremely wide

ecological distribution on early abandoned cultivated land in hilly-gully Loess Plateau regions.

Key Words: Loess Plateau; ecological adaptation; leaf morphology and anatomy; stress — resistance physiology;
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Fig.2 Chacteristics of leaf epidermis of A. scoparia
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Fig.3  Chacteristics of leaf anatomy of A. scoparia
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Fig.4 Morphological and anatomical characteristics of A. scoparia at different sites
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Fig.6 The correlation between foliar morphological, anatomical index (A), physiolgical characteristics (B) and environmental factors of
A. scoparia
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Table 3 The correlation among foliar morphological, anatomical and physiolgical characteristics of Artemisia scoparia

R LA SLA STP SI EHD ECS ECT PTT WSPT
LA 1 05" -0.36 0.71*" -0.75"" 0.69"" -0.61"" -0.54"" 0.09
SLA 1 -0.22 0.54" -0.60"" 0.64"" -0.44" -0.48" 0.13
STP 1 -0.49" 0.49" -0.10 0.50 " 042" -0.33
SI 1 -0.84"" 0.61"" -0.69 " -0.59"" 0.23
EHD 1 -0.64"" 0.73** 0.65"" -0.19
ECS 1 -0.49" -0.49" 0.08
ECT 1 0.56"" -0.13
PTT 1 -0.21
WSPT 1

IAS

MVA

X/P

RWC

SP

(0]

SOD

AsA

CC

R IAS MVA X/P RWC SP (0] SOD AsA CcC
LA 0.764 " 0.19 -0.31 0.55" -0.37 -0.72*" -0.69"" -0.69"" 0.78 "
SLA 0.59 " 0.23 -0.25 043" -0.24 -0.54" -0.56" -0.52" 0.55*
STP -0.41"" 0.02 0.09 -0.48" 0.46" 0.59* 0.25 0.59" -0.53"
SI 0.84"" 0.34 -0.29 0.61*" -0.52" -0.84"" -0.69"" -0.83"" 0.86""
EHD -0.86"" -0.27 0.27 -0.59" 0.54" 0.86"" 0.76 " 0.85"" -0.87""
ECS 0.64"" 0.27 -0.36 0.44" -0.12 -0.49" -0.66"" -047" 0.62""
ECT -0.69"" -0.21 0.23 -0.58" 045" 0.72*" 0.50" 0.71"* -0.75""
PTT -0.63"" -0.19 0.19 -0.48" 0.44" 0.69 " 0.61"" 0.69 " -0.69 "
WSPT 0.197 0.10 -0.10 0.09 -0.13 -0.17 -0.13 -0.17 0.19
1AS 1 0.33 -0.34 0.59" -0.52" -0.84"" -0.72"" -0.83"" 0.85""
MVA 1 -0.08 0.24 -0.08 -0.24 -0.22" -0.23 0.31
X/P 1 -0.16 0.19 0.33 0.36 0.32 -0.23
RWC 1 0.04 -0.47" -0.11 -0.44" 0.64""
SP 1 0.83"" 0.67"" 0.85"" -0.55"
(0] 1 0.81"" 0.99* -0.89""
SOD 1 0.81"" -0.73""
AsA 1 -0.87""
CcC 1

w % ORI KT P<0.01; * R B /KT P<0.05; LA B leaf area; SLA: TR specific leaf area; STP: X AL#F AT ¥ stomatal
plasticity ; ST K FLFEEL stomatal index; STD . S FL% & stomatal density; EHD : 3% B JE epidermal hair density; ECS: 3 52 40 il K/IN epidermal cells
size ; ECT 33 ¢ f JRJZ )R epidermal cuticular thickness; PTT: fiHAZH4UR palisade thickness ; WSPT; 77K ZH4UE water storage parenchyma thickness
IAS AN BR % intercellular air space; MVA : FZ4EE H AL main vascular bundles; X/P; A BTl [ 3T AR area ratio of xylem to phloem; RWC ; A
XK i relative water content; SP: A % B [ soluble protein; O : #8 BH B F F th 3 superoxide anion radical; SOD : 8  fk ¥ 15 fK. # superoxide
dismutase ; AsA ; FLIRILER ascorbic acid; CC;H44Z % chlorophyll content
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PERE SN , B S R A S KR4 R & A, 5 05 \SOD  AsA B2 HUAHDE it R 8 m b BR AL
AIIAYE S SOD AR FRBH W E RSN, Hofh 35 Ky 48 b5 2 B A B AR S PR A 31 1 3 K- (P<0.05) , Hih S fL 3
B R ARG A B AR R B .05 SOD AsA S TARIE, SR S K RN SR 2 R AR 1) O
J A RRAIE T A T2 IR S 4 4 A i ) B 5 A B A 4t S PR AR G (P<0.05) , HLTHIT R A ik 1) 48 i -5 AR X
Fr K RIS 2B i RURH G T Al A B B 1E AR DG, 40 R B U] 2 R S A, SH Al A S A (PR 2R
ALAE A SRR T 1) BB AR L ) 5 A B BRoAH DGR3/ 5 Bl 26 38 br 22 (8] B AR DG M v it e Bk
i AR B S LA P AR ] R R A OE (P<0.01) , LA Fe bR Z [ 34 R E ARG

3 e

3.0 AT R A AR R AR 37 PR 4 0 1

BRAL B 4 B i R X AR, AR RS R G I R AL LSRR A= W) RV /N e B 45 0 45
FRASBER 02 DX Y L SR A ) R A B TIE IR T . A RSB R
S PEAG T ROZ IR A R AL, dn AL R R B PR A PR HBUR TR AR TGR I B
SR S UM R R B I Ak ST 2SR P R TR A 15 B X 5 BT (L K R R
JCHEAY S U PRE T A B IE BRHIE . ASRISZ PR T, 7 3 2 00 AR Xt 1 i D't A= 85 1) P it 33
50T, 5 B B BN T B TR HES SR A A R R R I K H M EBCE IR B R, LA T
FOpdl/ NIRRT E  AER R 3P AR SR YD G RCR 3 5 AT AT ZEA R T AR R B S 454 22 1L i 3
REARLE224 3 vy D T o A HE 35 107 P 855 ek R vt A R 1 R AR, G B T A /NI SLA (] 1)
Garnier ™ W5 1 AFAEAY) SLA W35 KT 2 AR A IS5 RAR B, HE AT BE S5 R 2 3 B 8 v AR AL o B O
BAAS I TR/ S S SLA (ELIB/)N T 30 7ol 28 A (45 1 5% 22 8 19 - SB35 mb A B 9 05 1) A1) B 0 9
0 RO TS AR R O IR S A AL BH B RN 5 TR N LR BN LR
FLASPTIAVEAE 3 Pl HOIREE N 22 AU, S AR S 3l SREE T R LR B R 25 AR 2, 4 0 5
PR T B i 4R 2 2GR Ak, v P AR (A5 K 41 2K ik AL IR 19 7K 4374687 (4 FE AR R BEAER ] et
JEIR 7K 2H AT A A4 52 VR A S R 1) S AR b X O AR, 2R 9 HIE Sl B A 1 36 A 490 1140 R 400 7K 53 R AL R
[E1E 8
3.2 BETEE MR AR EUREAE X 7 3 B A A W

TETER IR A o T35 N IREE  AUAEAE YL S LA A 1 3R B T 98 | W) 5545 B S iR A
PSP PHER SRR DGR IR N2 T IR T AR i U K A3 SR A A A A RS2 B TR
SRR EAHZIAE TS B AR AR O 3 hn  irt F 35 7K A R 2 25 i/, U 6 B 7R 10 36
B TR BT R SOD FI AsA FT% P3G I LA BRAE IR A 2 A 05 R 4, LA/ MR PRG035, i e
A SR A I B3B8 B LR AR IR bR A BB B, X A 2 T ST W A 58 T AR A B A 25 S 4 R
A5 BT SR R EFR 0y K G i A AR A 28 AU 3 R RO BRAESIR , T SR A 8k
PR B SARAL, L _bA RS AR 428 A A5 3 6 185 16 FH B 35 0 B TO0 AR HOs AR I, b AR i IR (3R 1) (X
A K RGN R R T AR U 3R Y ORI S s REE T B R P KA B 90% e A
R B KA 2 S S I AR SRR A v B PR AR, — PR AR A P TE K 43 5
FRI B AR e TR R DG A R Y AR IR TR B IR SR AR A RS b i £ 3
J£ . RDA 7 A4 SRR 1 A T A0 B0 6 v 00 7 6 IR 3K o fe A U () 6)  TEAR L HEK 73 s o
PRI R BH BRSBCRI B T, G O 32 2 7% 4 Z0KF R T — A%, A B I A R m EOL R ba
5555 (R BHSBERN P& 5 - i B 400 SRt B R A A
3.3 MBTEM RESME AR PR ARSI TR A G R

WEE M PSS A BEAR AR I, BEN A T E DU L S M d R AR, an/ gt i B SO R R
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B JRRIA R S N IEIRIRE, SP AR B AR A S KR 5 SOD 5 AsA i B
FIEARSCNE o UERA S B AR 1 PR3 ) o e P AN (E e o R 78wl SR ]l NS A 3 B ko RO
(7 A3 5 AT S P N BRI 3 S BT B ROk B A Bt HOB 25 A 5 A AT S M A
ER- 2R S IV TR S VAVA: (B S

TR AL C Y BZE L CAM REH B et | HLARAS 21 U 16 7K 23 O DT RE DR A 23 JLIE K 4121
A IR RDA 430 o tHRE T A 2 26 K 2 (9 26 A L SURRAE 15 7K 31 A 1) S L AR A8 i A1
Wy o AR AR RS LRSS RN . BRAK IR N 50, 38 B I R 2 i BRI A B ) ] S S AT
B 1 DI B i R D AR, A B 5 e S R il /I L i v 32 7 s 1 A5 v A7 FR B 08 B0) F) HT 8
R CHRBR I R AP BT SOD Al AsA BYIEERT ISR IO I aa . DL b i 7 SR 2R A B A T 9 1P f
B RS IR B | U (E 2 AR I i R B2 (5 37 PR AR 135 A 2 G -
PR S SRS T AR S B R R Rt B B R SRR SR TR I R P B S R
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