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Abstract

Aims Reproduction is an important part of plant life activities, and thus the reproductive characteristics of plants
play an important role in explaining the ecological adaptability of plants as well as developing effective manage-
ment strategy plans. The aims of this study are to explore the reproductive characteristics of Artemisia scoparia
and analyze its main soil driving factors in a desert steppe of China.

Methods As a method to extract and summarize the variation in a set of response variables, the redundancy
analysis can be explained by a group of explanatory variables. In the present study, we selected the A. scoparia
population in a desert steppe, and examined physicochemical properties of different soil types and reproductive
characteristics of A. scoparia with the redundancy analysis.

Important findings There were significant differences in water-soluble carbon content (Cy;), total nitrogen con-
tent (TN), total phosphorus content (TP), total salt content (TS), soil moisture (M) and soil hardness (SH) of
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calcareous soil (SS), aeolian sand soil (ASS) and weathered residual soil (WB). The average mass (M,), the num-
ber (N;) of average individual head inflorescence, and the average individual size (S,) of a single plant were the
largest in the SS habitat, followed by ASS and WB. No significant difference was observed in reproductive alloca-
tion (R,) of A. scoparia in different soil types. An extremely significant positive correlation was observed between
R. and the quality of single capitate inflorescence (M), N; and M,, respectively, while N; was negatively correlated
with M. The variation of the reproductive characteristics of A. scoparia was mainly affected by soil water soluble
carbon content (Cy;), soil hardness (SH), soil moisture (M), TP and available phosphorus content (AP) in WB
habitat. M, was mainly affected by C,;, M, and pH value; N; was mainly affected by total salt content (TS); R, and
M. were mainly affected by total carbon content (C;) in the ASS habitat. M, was positively correlated with Cys, M
and C,, while the correlation between M, and C, was not significant; N; was significantly affected by available
nitrogen content (AN) in the SS habitat. A comprehensive analysis of the three soil types showed that the total ex-
planatory amount of soil factors affecting the reproductive characteristics of A. scoparia was 30.74%. M, and N;
were significantly affected by Cs and M,. R, and M, were negatively correlated with C,s and M though they are
not statistically significant. We conclude that Cys and My are the main soil factors affecting the reproductive char-
acteristics of A. scoparia populations in the desert grassland.

Key words desert steppe; Artemisia scoparia; reproductive characteristic; soil factor; redundancy analysis
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scoparia and the analysis of the underlying soil drivers in a desert steppe of China. Chinese Journal of Plant Ecology, 43, 65-76.
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Fig. 1 Sampling sites of Artemisia scoparia in the desert steppe of Ningxia.
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Table 1 Comparisons of soil properties in three soil types from the different habitats of Artemisia scoparia (mean + SE)

TR U B AR SR RHE R LRI R T 69

- ANOVA
;f) fﬁiﬁiﬁy ASS SS WB - ;
Ceo (mg-g™) 1.022 +0.760 1.088 = 1.065 0.639 + 0.337 2.192 0.115
Cys (mg-g ™) 0.048 +0.178 0.209 = 0.439 0.297 + 0.557 7.006 <0.001""
C, (%) 0.449 + 0.477 0.450 +0.187 0.424 +0.139 0.042 0.959
Ct (%) 0.541 + 0.242 0.605 + 0.401 0.654 + 0.268 1.594 0.206
AP (mg-kg ™) 2776 + 1.875 2.625+1.854 1.755+1.170 2.672 0.072
AK (mg-kg™") 81.592 + 37.170 71.040 + 40.591 70.963 + 40.242 1.668 0.192
AN (mg-kg™") 230.668 + 123.556 191.756 + 54.719 237.687 + 285.222 1.787 0.170
TN (%) 0.034+0.013 0.040 +0.013 0.027 +£0.011 9.938 <0.001™"
TP (%) 0.029 +0.013 0.037 +£0.010 0.038 +0.010 10.480 <0.001""
pH 9.076 + 0.209 9.092 +0.165 9.090 + 0.288 0.191 0.827
TS(g'kg ™) 0.265 % 0.045 0.315+0.198 0.317+0.155 3.409 0.035
Ms. 10 cm (%) 7.591 +1.997 10.268 + 3.757 8.990 +2.813 17.556 <0.001™"
Ms. 20 cm (%) 7.309 + 2.588 9.902 + 4.008 8.768 + 1.898 13.529 <0.0017"
Ms. 0-20 cm (%) 7.489 + 1.707 10.031 + 3.274 8.747 +1.652 22.330 <0.001""
SH. 5 cm (kPa) 1003.436 + 516.201 1245283 + 796.110 1 060.000 % 560.993 2.824 0.062
SH. 10 cm (kPa) 1377.634 + 709.554 1697.746 + 1 196.433 1611.250 + 870.530 2.058 0.131
SH. 20 cm (kPa) 2032.554 + 1303.646 2465.967 + 1 338.089 2281.400 + 1 124.882 2.140 0.121
SH. 0-20 cm (kPa) 1471.208 + 678.777 1807.194 + 896.430 1659.950 + 726.002 3.714 0.026

ASS, Wbt 8S, KAt WB, HE AT . AK, R & & AN, BRE S &, AP, S & & ; Co,, 2 AMIRE 75 C,, ANUBKE & C,
i Cus KIETERR S 55 My, LHOKS &5 SH, B TN, £E S8, TP, 2B SE; TS 2588, *, p<0.05;**, p<0.01; *** p<0.001,

ASS, aeolian sand soil; SS, calcareous soil; WB, weathered residual soil. AK, available potassium content; AN, alkaline nitrogen content; AP, available phos-
phorus content; Ce,, easily oxidized organic carbon content; C,, organic carbon content; C,, total carbon content; C,s, soil water soluble carbon content; M;, soil
moisture content; SH, soil hardness; TN, total nitrogen content; TP, total phosphorus content; TS, total salt content. *, p<0.05; ** p<0.01; *** p<0.001.

F2 AL TR I TR
Table 2 Reproductive characteristics of Artemisia scoparia

BIHRHE i g o o . s e 2
Reproductive A >N E] B/ M FHE paifEf ESE T o
characteristic Soil type Max value Min value Average Standard deviation Coefficient of variation
Si ASS 157.89 0.16 7.07 19.75 2.79

SS 138.22 0.25 10.60 25.62 2.42

WB 4.02 0.29 1.28 1.23 0.95
R ASS 0.78 0.05 0.54 0.13 0.24

SS 0.73 0.21 0.52 0.11 0.20

WB 0.61 0.33 0.49 0.08 0.14
N;i ASS 108 841.00 107.00 4700.94 14 557.55 3.07

SS 79 019.00 122.00 728331 17 272.63 2.37

WB 3414.00 202.00 941.47 988.64 1.05
M. ASS 422 1.8 8.1 4.7 5.5

SS 15.0 2.9 7.2 2.3 32

WB 7.7 4.7 6.1 1.0 1.6
M, ASS 71.25 0.06 3.25 9.14 2.79

SS 68.30 0.06 4.82 12.41 2.58

WB 2.13 0.14 0.59 0.63 1.06

ASS, M¥bE; 88, A5+ WB, FERIIE L. M, BHSCIRIET R E(g); Me, BASCIRIET FRE (g x 10%); N, BHSCIRTEFHE:; R, S,
Si, MERA, PLEHR S YR LR ().

ASS, aeolian sand soil; SS, calcareous soil; WB, weathered residual soil. M,, capitulum mass of each individual plant (g); M, each acptitulum mass (g x 104);
Ni, capitulum number of each individual plant; R,, reproductive allocation; S,;, total biomass (g).
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*,p<0.05; ** p<0.01; *** p<0.001.

Fig. 2 Pearson’s correlation for reproductive characteristics and plant characteristics of Artemisia scoparia. AB, aboveground bio-
mass (g); Cov, coverage (%); CW, crown width (cm?); Hei, average height (cm); M,, capitulum mass of each individual plant (g); M.,
each acptitulum mass (g x 107*); N,, capitulum number of each individual plant; R,, reproductive allocation; RB, reproductive biomass
(g); RL, root length (cm); RS root/shoot ratio; RW, root biomass (g); S,;, total biomass (g); SB, stem biomass (g); SD, stem diameter
(mm). * meant the relevant level; *, p < 0.05; **, p<0.01; *** p<0.001.
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e 2 B AR R(r = -0.18, p< 0.05), 5H Atk
i H) 8 32 35 TEAH R 5C R (p < 0.001) 6
24 FHEBESLIEERFHXR
24.1 ETFTAELEEEARDASHT

RDAHE 5 K AT DL E W 6 - AN /] 38R R
BB S BEAHE S LA TR OCR, DA R g
PP ERR. A2 OF kI R AL B RR
AFEMEEET, §Ek MR IRE RS T 5
He P S Ia] 0 IE AR . B SkIE R KRR %+
B R 70 B IE ) S R R, ARG, TR AH
KRR, REfERIFEE M LIt 2 . # ki
LR FNHE P i1 I A DA R 5 Sk 1 2% 2 [] (1 5 A 3 7~ AH
KM, BN BOEA DGR, A W R 7R B A7 A

REIR, R AR, & HIBERH T EESE
BRI 52 000 P 11T R e B2 29,41 %, Herb bR Sk
PRACF i 7 E B A2 B Cren M BA R pHAR I IE R 5210,
MESH. AN. AKFIC,, R MAHK K R FHLIRTE
J7H0 B B2 TSI IE B2 B2 K, 52 CORIC, [ 6t 1) B2 i
BR(EBA). BHE B A SR i & E B2
CPIFEM o FEARES AT, 43 DR (R i 9 el
BEEN64.39%, FHRICIRIEF T & 5 Cyss MBLKC,
SEIEM K R (E3B), Ui A Cy A A+ EM
IS, FRRSOIRAE T s koK . 7R 3A KAkt
MUEASEN, 8B BRI AL 7 B2 5 Cs.
SH. M. TP, AKHIEIE, FH199.62% 145 52 B 4
HI P AR RE(B13C) o B SKARTE 7 T B 252 3 Cys

KK Fo RABUN, MR,
R SHARHIE 5 3R TR R TR T 4

RIFEm, LUK, FRIRTE P T SR - Bk sk
WAEF E B S SHI R R o A JARTE PP i B AN
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B3 EEE SIS LER T RARITCRDIHEF . A, Rbt. B, K5+, C, FEXMLIIR L. D, ZZE5 01 M,, H#
HRSKIRAE R (2); Mo, BN SRAE R T (g > 107%); N, BMRSOIRAE 0 R, SAMAC. AK, JECHT S AN, RS
i AP, A S & Co, HAMIKE & C,, ANIREE; C, BWEE; C,, KBRS E; M. 10 cm, 0-10 ecm 37K 735
M. 20 cm, 10-20 ecm 38K 5> E&; M. 0-20 cm, 0-20 em = 3E/K & &-FIME; pH, pHAE; SH. 5 cm, 0-5 ecm 386 ; SH. 10
cm, 5-10 cm 4R SH. 20 cm, 10-20 cm -EHEREE; SH. 0-20 cm, 0-20 em - 3Ef AEF 3, TN, &% & &; TP, &S E; TS
E o

Fig. 3 Relationship between reproductive characters and soil factors in redundancy analyses. A, acolian sand soil. B, calcareous soil.
C, weathered residual soil. D, comprehensive analysis of three soil types. M,, capitulum mass of each individual plant (g); M., each
acptitulum mass (g x 10™); N,, capitulum number of each individual plant; R,, reproductive allocation. AK, available potassium con-
tent; AN, available nitrogen content; AP, available phosphorus content; C,,, easily oxidized organic carbon content; C,, organic carbon
content; C,, total carbon content; C,, water soluble carbon content; M,. 10 cm, soil water content of 0—10 cm; M. 20 cm, soil water
content of 10-20 cm; M,. 0-20 cm, the average soil water content of 0-20 cm; pH, pH value; SH. 5 cm, soil hardness of 0-5 cm; SH.
10 cm, soil hardness of 5-10 cm; SH. 20 cm, soil hardness of 10-20 cm; SH. 0-20 cm, the average soil hardness of 0-20 cm; TN,
total nitrogen content; TP, total phosphorus content; TS total salt content.

DOI: 10.17521/cjpe.2018.0211

©U 00000 Chinese Journal of Plant Ecology



72 FEYAZS2ER Chinese Journal of Plant Ecology 2019, 43 (1): 65-76

FIA 5 SH, TPAIMAE R UHR, WX LM
PRAEHOR, BN JIRAE 7 o B A ZE A 7 e I o
LREINTRE, LI 0 B E TR R LR
SRR R DN 30.74%, BRSO AE Fr R AN R 2
Cus IFEMA IR, HCAM,, 5TPHIpH{E th & IEAH
RRZR, HEWREBUN, MHSHMC,JLT- K. HIH
I EEAEAICIRTE T U 5 Ch s M{ETAR KR

(EI3D)s.
242 TIERFMEEBTETSHNERSE

HE 7§l 2 S B SR B AR A5 0 FE I Gl RRAEAR
B A2 5 ICAH L 19 R e il B £ PR ) i s B (i P
FREMRRDN, AKX RBEE RS HFmE ]
SEIREE R 2 IR S (RS, 2013). (R E—
WA E AR AE HE 4T Monte Carlo & #ekh 46, 45 5
TR FEFEE AT AR, 0% B
TERIFZIE T, Cos IR R M1 71.7% (p < 0.001), H:
UHRETP (55.4%, p < 0.001), 0-20 cm M FISH K fiF ke
B HN32.4%F143.6% (p < 0.01), 1i0-5. 5104
1020 cm SHFfER & [RIFEIR S 2 2 Blh 2 2 K
F(p<0.052p<0.01). APHIfEREHIEF] T721.9%

3 AR LA N S LR TR R A R A I

(p < 0.05)0 fERDLAEET, & LIBH 7RI =
BIARE(<10%), HHCyen TS. M, (020 cm)FIM
(0-10 o) (IR REELIA ) 7 0 2 /K F sl 2 2 7K F (p
< 0.058%p < 0.01). 7EKES AT, M (0-20 cm)
(IR 947.9% (p < 0.001), 0-10 cmA110-20 cm
T M 8 243 ) S 43.2%F135.3%, Cs MR 2 [F]
FEL R T R E K T(22.1%, p < 0.001), ANFf#ERE
HHN10.0%, 53] T REKF(p<0.05). G4
R, C MM (020 cm) FRIAFERE 243751 N 19.9% A1
16.9%, &3] 12 Z/KF(p < 0.001), [FFE, 0-10
cmA110-20 cm M AR K THRIE R Tk E E KT
(p < 0.001), $EHH0-20 cm*)ZHIMSKHIE B EFIRER
LA B s . i S TR TR R
K AEIAF B /KT (p> 0.05).

3 Wit

REL A 1) B B AN AR A 37 2 1 58 33 A T
LIS R (AL UEEE, 2012; Larson & Funk, 2016),
T4 B B 1 PR e HE ) B U 50 N - WAL 2 A S AL AT 1)
SRR 5, 2004), B 167 SRR TR

Table 3 Variance explained by soil indicators and significance of the test results

TIEHT ASS SS WB ZE47 50T Comprehensive analysis
Soil indicator ™y e R e e

e F P oplamed P o F P oo F P

%) %) %) %)

AK 0.10 <0.1 0.817 6.02 3.7 0.053 3.10 0.6 0.468 1.45 2.6 0.101
AN 0.66 0.7 0.424 10.04 6.5 0.014 0.20 <0.1 0.933 <0.01 <0.1 0.969
AP 0.02 <0.1 0.973 2.44 14 0.227 21.90 5.0 0.035 0.06 0.1 0.803
Ceo 0.28 0.3 0.613 0.33 0.2 0.685 0.30 <0.1 0.841 0.05 <0.1 0.807
C, 1.34 1.3 0.247 4.17 2.5 0.112 2.70 0.5 0.487 0.28 0.5 0.468
pH 2.16 22 0.132 0.80 0.5 0.494 0.10 <0.1 0.910 1.18 2.1 0.144
H 0.25 0.2 0.644 0.55 0.3 0.590 43.60 13.9 0.002 0.17 0.3 0.593
SH.5cm 1.57 1.6 0.208 1.93 1.1 0.282 20.90 4.8 0.038 0.27 0.5 0.499
SH. 10 cm 0.36 0.4 0.572 0.12 <0.1 0.849 29.00 73 0.014 0.31 0.6 0.466
SH.20 cm 0.11 0.1 0.783 5.25 32 0.071 37.30 10.7 0.004 0.05 <0.1 0.820
M 6.44 6.8 0.011 47.88 53.3 <0.001 32.40 8.6 0.007 16.89 36.4 <0.001
M. 10 cm 8.46 9.2 0.003 43.20 44.1 <0.001 15.40 33 0.084 16.62 35.7 <0.001
M. 20 cm 0.68 0.7 0.407 35.26 31.6 <0.001 18.20 4.0 0.062 8.79 17.3 <0.001
C 2.81 29 0.087 0.71 0.4 0.484 3.00 0.6 0.471 0.26 0.5 0.497
TN 0.66 0.7 0.421 0.18 0.1 0.790 16.70 3.6 0.071 0.10 0.2 0.706
TP 0.13 0.1 0.769 0.98 0.6 0.467 55.40 223 <0.001 1.32 24 0.122
TS 5.36 5.6 0.018 0.61 0.4 0.486 12.20 2.5 0.121 0.34 0.6 0.435
Cys 6.87 7.3 0.008 22.10 16.5 <0.001 71.70 45.6 <0.001 19.90 445 <0.001

TR TFEB.

See Fig. 3 for soil indicator.
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AL 2012).
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A BT S R AEAS I VR R AR, B
BRI A KR B (Olmo et al., 2016). TEAH{LL
MIAEAEE T, 3R o 1 2 1) 22 S e s T A
Bl 53 A0 072 ) 22 e GRA B 55, 2006), 12y 1T 5
KR A 72, SRR, A, A B
BRHIE A B B e (R R SR, 2012; Johnson et al.,
2016). Stk AEVELEA RPN S AN SRR G
(AR AE AR B A 5 22 A B PR T 285 R0 A AR i (.
HERLEE, 2009), FEY)FREE 1) BEIEARF AR A R I
B i 2 S (OKVA SREE, 2009). AWFF, HEEA
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HF THEEMEIR . PR Sh S B A o T X 7 R A8 2%
A9 LA AN ] PR 3 SR SR (TR R I 4, 2014). 73
(Phragmites australis)FhfAEMRZ K, A&, +
VR S B REAE LR AR B IR ) 22 S 38 R I B
P SR R AT AR (FE A R A, 2018)0 1T B AE
Bi K AR AR IR 1 AL 2 T 80T HAR A (Primula
nivalis) & AR 7340 1) 3 B3R 22 GO - BT A #
FIAR, 2018). LA AT 5T 45 R IR A 206 5 o AE
P HEAHE N X 5, DR R A3 o F %o R AR A
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71k, (Fang et al., 2015; Wang et al., 2016). HHAj, *f

5 Wi Coys R R 20 A IR A1 B AT 98 40 X 5 22 (Koltess,
2006; Scaglia & Adani, 2009; Singh et al., 2017; Song
et al., 2018), M Cyor2 AT A RKAER, Rl
Je WHAT S R AR ) B PR LR AL 3 A 5 1 — 28
RN

AR, Cysis i 5REKEBE AR, &
PR N B KR R HE IN 3 BC A IR AN i, AN
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WS IE BRI FIEA . A AR B R AR i) w] 2
PEXS LM C, & B BN BB I 45 R A R 2 Ak
L ErRDA I AT EIAT A1, Cy MM AE R A8 6 5 250
FHIE B 2L K1
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JE X AR RGO A B IR E RN A

Bt Rt T ARFRFIRAFERIE. L RAL.
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