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Effects of warming onmineral element contents in leaves of dominant species and

in soils in Changbai Mountain tundra

JIANG Xiaojie, GENG Chunnv, HAN Jianqgiu, ZHOU Yumei "
Ecological Technique and Engineering College, Shanghai Institute of Technology, Shanghai 201418, China

Abstract; According to the fifth report of Intergovernmental Panel on Climate Change (IPCC), the average global
temperature has increased by 0.78 °C between 2003 and 2013, compared with that between 1900 and 1950. It is well known
that boreal or high latitude areas are more sensitive to warming. The vegetations in the tundra ecosystem have adapted to low
temperatures and grown in conditions of limited nutrition. However, temperatures can influence the absorption and content of
the nutrients. The aim of this study is to examine the responses of the mineral elements in the leaves of tundra plants to
warming. The hexagon open-top chamber system was used to increase the air and soil temperatures during the growing season
(June to September). The mean air temperature was increased by 1.41 °C, and the soil temperature at depths of 5 ¢m and
10 cm was increased by 1.74 and 1.78 °C , respectively, during the growing season in 2013. The potassium (K) , aluminum
(Al), copper (Cu), iron (Fe) and magnesium (Mg) , manganese (Mn) , zinc (Zn) , and calcium ( Ga) contents in the
soil and the leaves of Rhododendron aureum Pall, Vaccinium uliginosum, and Dryas octopetala var. Asiatica, three dominant
plants in the Changbai Mountain tundra, were determined after warming treatment during three growing seasons. The results

showed that; 1) warming significantly affected the mineral element content in the soils. The Fe, Al, and K contents
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increased by 0.44% , 2.76% , and 4.88% , respectively. In contrast, the Cu, Mg, Mn, Zn, and Ga contents decreased by
2.63%, 5.07%, 7.46% , 5.07% , and 7.46% , respectively. 2) The K content in the leaves of Rhododendron aureum
showed a significant seasonal change, with an average increase of 8.17% after warming during the whole growing season;
however, this was not observed for the other mineral elements contents. Warming increased the Mg and Mn contents of the
leaves of Rhododendron aureum by 66.39% and 14.73% , respectively, compared with the control. 3) The contents of K,
Al, and Zn in the leaves of Vaccinium uliginosum, grown in the open-top chambers, were 15.24% , 5.45% , and 87.45%
higher, respectively, than were those of the control. There were significant differences in the K, Al, Mg, Mn, Zn, and Ga
contents in the Vaccinium uliginosum leaves for the different months. 4) Warming did not significantly affect all mineral
elements’ contents in the leaves of Dryas octopetala var. Asiatica. The K, Cu, and Ga contents of the leaves of Dryas
octopetala var. Astatica showed obvious seasonal fluctuations, ranging from 8.48 to 15.83mg/g, 0.14 to 0.30mg/g, and 8.91
to 11.41mg/g, respectively. Overall, the contents of the mineral elements in the different plant species responded differently
to the warming. Although the warming increased the K, Al, and Fe contents in the soils, the leaves of Rh. aureum, V.
uliginosum and Dr. octopetala var. Asiatica did not show a similar increasing trend. This finding indicates the hysteresis
effects of the soil nutrition. Therefore, the mineral elements in the soils responded to warming in different ways, while the
responses to warming of the mineral element in the leaves were specific to the plant species. Our results could improve the
understanding of the effects of global warming on the nutritional dynamics in soils and the metabolism in the plants of the

tundra.
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M X6 DKV BB 5 e B A8 L 5 T O A R I ) R X, AR A A K B B 2 B R R e R A
FRAT RO AR 5l = >0 [ BR ) TR VAR v 7 R XA A A A K R AR B R A A A L B P
FRAYICE B, MBS S U R 28 B P RS R0 i ™, 0 e E i KoJe B E Y,
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1 SRI§FH*

1.1 Skt

FEE M K AL EZR BRI XK 2028m & RAES RGN 8 AN IEANMIEF T (0TC) , FF AR %
TR HE PR & AR ME (International Tundra Experiment, ITEX) SRR 45 em, K 65 em ) FFTREE Y3
TRECER R | T HLBEEE A BELP , 8 9 XU ARG, AR S 1 in =2 B £F 4 ] D fofi 20 A 0 1) 20, fili A
PIEE TS 8 AN TFTA I K 1R 5 m BEESHES , IAE RN AR AT 1 m &b, R 25 ) 1 AL )
X HEH , HAYRLET , F T0URS 5 %) R bk 7 5 P SR AR AR [R] , L - 3 BRAL MR o 0 A A 22 St (R R R U8R )
A B B — AT T0UAE SR B AR b ( CK) [ FEARIR A28 B il R4, i OB A RUR ST =M+
HEWR A (HOBO Data Logger) , 138 70 i & THIF 5 em F110 em &b, 23S EEIC AU 2013 4F
6 HiEH| 2013 4 8 H 1E#ATESAC % A IC S E A FES4 30 min, HIEHLT 5 em F1 10 em Y5 EE 0 SRALAY
TE SRS [E R 2 b,
1.2 W5 MESL

SR T HEAMRE K AL ER AR X E RS RS (127.67°—128.27° E, 41.58°—42.42° N, ik
2028 m) , J& T &I VKGR, HARGER, FFBRE—7.3 °C, ZARERK, Mg, B8, R
TG, 2EZRE ) EFYHEKE 1400—1800 mm, WK FEAERLE 6—9 A, HFmE% 6 4 A LU
o BIRARYL LN AL A RS Rl R BREEEE R ( Carex atrata) (BRI (Polygonum ochotense)
&, Hrp NS A4 A ES AR AN e AR B TRAES KRG H YR, HAF 258 55 5 0 5k 29 % .7 % Fl
56 %',
1.3 HEAhREE S AL EE

201347 H 6 H. 8 H 7 H.9H 2 H FEFFTALFIXT BERE M PN 43 FI B 15 ¢ 6 =Rt B, BUel s
SEEPT 100 °C RFEIFT 60 °C MHET ZAHE il i g . T Ao BEAE M e AE K R 9 H 2 H
HEATHURE ,0—10 em + )2 HEERUS AT, SRR
1.4 W57k

Fi¥ 5 3RS BT PTFE B4R, 1 HNO, (H,0, Ml HF 7£ 180 C & N4, J-H HCIO B £ L2 & F
BT R ICP—AES $ETH BT & Rl e ™
1.5 Fdssrth

FIIH SPSS17.0 #4 R R T 223, oA A~ oy 35 R 3 F A FpAE 4 it - AL Cu ,Fe Mg Mn
Zn K Fl Ga W BTICE &t MUREA , LKA [FI R0 E) 4% J0 R & it 25 5 5 SR WL 3R 7 259, 43 v 38 8 A T 403
BRI 7 250 TR R I S B

2 #HR

2.1 JF ARG IR AN
2013 4FEA K ZR 5 BEHRE L, F D4R NP3 2 SR EEE N 1.41 °C =SB N 1.19 %, , 18R 5 em
F1 10 em - HER B/ BB AN 1.74 °C #1178 °C (£ 1),
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R1 ERFHESHRBEGTESTHEE ESTHEEE, T 5 cm 10 em TEFHRE
Table 1 The mean air temperature, air relative mean humidity, soil mean temperature at Scm and 10cm soil depth in the open-top chambers

and control plots during growing season

# Factor JFTiAE OTC X HEAEHD CK 21H Difference
25 RE Air temperature/ °C 24.13 22.72 +1.41
S MBS Air relative humidity/ % 86.56 85.37 +1.19
R 5 em 23EEE Soil temperature at 5 cm depth/°C 22.66 20.92 +1.74
HF 10 em H3ERE Soil temperature at 10 ¢cm depth/C 21.74 19.96 +1.78

*, P<0.05, *x, P<0.0l.

2.2 HEIEN IR R S 1 R
H 3R 2 WTLAE 3R 3% K AL Bl Fe JGE & it 300 I 4.88 % .2.76 %1 0.44 %, Mn Ga Zn % ik
AR PR IR BE A, H X R 43 SRR T 7.46 % 15.6 % F1 21.95 %,

F2 WEESWREGTIETRITERE, (Mean + SD, mg/g)
Table 2 Mineral element contents in soils in open top chambers (OTC) and the control plots (CK). (Mean + SD, mg/g)

HbH Treatment Al Cux1072 Fe Mg Mn Znx1072 Ga K
F T4 OTC 12.64(0.07)* 1.85(0.00)* 15.86(0.08)* 2.06(0.27)* 0.62(0.03)* 9.28(0.00)*  7.79(0.21)*  1.72(0.02)*
X}HE CK 12.30(0.23)%  1.90(0.00)® 15.79(0.27)® 2.17(0.03)®  0.67(0.01)® 11.89(0.01)® 9.23(0.01)®  1.64(0.00)"

FFARFFHRRRZFBE (P<0.05),

2.3 HEEXTHEYIM TR B e A ) s AR Ak

=AMEY R K TR S EEARKEN RS ERAL (K1), 20 (£3), B =FEdx g
it K &t dh—sk, AR e TR S R A K EL A G R ECN, B2 TN
(P>0.05) (%£3), &1 AN, 4B AERY K & 5 25100 10.19 —14.38 mg/g, 3R 1 ek 28 1 Hot
B KICESE (P <0.05) (K3),8MERKSE R4 LA K S8 FIHEm 8.17 %, BRI
ARGt R i ey BT R S EEA AU B2 H i 3 AT LUE 1, BR Ga JTTR A, HEIR AT R
Al Cu Fe Mg Mn Fll Zn 7 i F- Y345 T4 HR4L,

#3 AKFHEEMAREESHEDHH K.Ga, Mg, Al .Fe,Cu.Zn i1 Mn EEYMHNEENEFTELTER

Table 3 The statistical results of effects of warming and month on K ,Ga Mg Al . Fe ,Cu,Zn and Mn contents of leaves of three plant species

using repeated measures ANOVA during growing season

AR SR YR Source of variation Al Cu Fe Mg Mn Zn Ca K
4 kLAY

4T Warming (W) ns ns ns ns ns ns ns *
H 4y Month (M) ns ns ns ns ns ns ns * %
Wk A Ay WxM ns ns ns * * % ns ns * %
=R

4R Warming (W) * ns ns ns ns * ns * s
H 43 Month (M) # ok ns ns xS # ok * % * * %
W< A 7y WxM * % ns ns ns * ok ns * %
RTALLAR

H4iE Warming (W) ns ns ns ns ns ns ns ns
H 4 Month (M) ns * ns ns ns ns # % EES
e x H iy WxM ns ns ns ns ns ns #* * %
YIFP Species (S) ok # ok * ok ns # ok ns ns # ok

#, P <005, %%, P<00l,ns, P> 0.05
AR T BRSO RIS i R K AL R Zn 3 5 AR A L 43 5 8.67—13.02 mg/g . 5.85%
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A B ALY TR R A2 A 4 B ALY TR FRAEAN LA
Rhododendron Vaccinium Dryas octopetala Rhododendron Vaccinium Dryas octopetala
aureum Pall liginosum var. Asiatica aureum Pall liginosum var. Asiatica
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Fig. 1 Mineral element contents in leaves of Rhododendron aureum Pall, Vaccinium uliginosum and Dryas octopetala var. Asiatica grown in
open top chambers (OTC) and the control plots ( CK) during growing season ( mean = SD, mg/g)
BAE YA R T 3RS X B AR RS 22 5 B (P < 0.05)

107°g—20.75%10 > mg/g . 28.2mg/g—7.1mg/g (& 1), H 435 L X BR4H 5 15.24 % .5.45 % F1 87.45 % (P <
0.05) , SXFHEAHLE , 38R 2 R A0 E HnliAs ik - Fe A1 Cu 2 BRI/ T 15.94 % F1 60.10 % ,{H# 5
AW (R 3), BHEHAE T A A Al Mg Mn Zn I Ga & e AR A & 22 25K, AL Mg Mn 1 Ga
S AR A A B AR S TN (H Zn SRR, — BRI,
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554 H bt B AN B As ASR] 3G IE ARSEAN AR Fr £5T BOC R A i AR AR B A HAEAN R A
B3 BERATH A 5 B K FD Ga SN (R 3) . 7 A0 SRS T AR TANZ AR Ga 2 2 X FRZH
1% 34.20 %, M K & 81928105 Ga BRI, R4 K NEREAY 7.8 H 4y, B -5 % IR 46 0F B R WAl &AM Ga 1Y
THAATEN R 2R B9 AR AU 7 A6 8R40 T K &t oo fR2H 5 16.18 %, {3 8 A4y, Witk
XTHRRZAAR 26.53 %, ARWAIZ AR Cu Fl Ga & i A A ZR N R BN SeTH i M AR K R BRAIR A AR bk 3
B SX AR B ERAS I R Mn & i LR Al AR 719 Ga & 88, FEAE K N — B 28 g 3, 1
i L AR 0.40—1.93 mg/g 1 6.08 —11.63 mg/g (K1),
24 P R ROCER SR AL

HRBON BERAT T, B bl | 4 B AERS AR AL Ze = FP At 7 i K (AL Cu Fe Zn Ca & SR IHAFTE W
WES (P <0.01) WRAMET, 4 ARG K & DR AL AR Al Cu F Fe fiem . X BT =
R Mg A Mn JCE S EWBIHE AR (P < 0.01) , XFIEKMET, RWAIZ KK Mg &5 & Hods je AL B e
Wi o i 65.13 % H 16.62 %, T BRAHE TS, 25 Wi s i Mn % 5 00 LU 2R B2 A B R 2R S ALl 2o A =g 1
359.26 %H1265.48 %, Fyhb, MM SAAF T, 4 B ALY A A i Mg B A 0.51 %, - B AL RS HE AR WAl £ K
I Mg &K 0.51 % (P < 0.05) ,fBERGR AT I BB 25 (P> 0.05),

31HE

S RS RS, TR AR T KA A K BT A SRS R | Sanches B 5T R DY K
ST - IR e e S g XU R G e B A L A LB Y R K S OB S fiT 1) DL Fe AL
ALY T H Ga Mg, Cu SFAHY A s A0 BT 2 & IR 8 B KUARORS 5548 | i sl A i Rl + 5 A
AR BH S oS e BE 77, R e - AR 3R 0 (R RE ST AR X S AR ST 3 R 118 Fe AL S FH1E7, Ga,
Mg Cu &5 FEAR A A 98 25 S — 30

ARG B S X BRSNS FESI R0 K S S AE 8.67—14.32 mg/g i1 8.65 —15.83 mg/¢g i
BN AE AL T3 E R AR B K & B2 (8.38 me/g) ™ . T K SRR SR K, 5 32 MKk
P UAEA B 58 0 2 s AR A AR EAE K R ST m RN, XATRRE I TR I RAE 7.8
A RIACKEX I 3 K & i 2840 AT BB — 8 B 5 1 5 5380, AR ZE R KR BE T B PT g2 fh Tk
IKAE A W B 1 N R AR B0, Sun AT Chen ™ % BT ZR BRI 28 FNZKIRIA IS K & AR, TRl 4R
B A B S S AR A K B I B Al e AR g K S P SRR AR, i IR &, =
FAEY R K SR EAR R O 028 et oA 3R — ek . Ptk , =FAEPr i 7 KB 0 3 i i o i 2 —
FEMZE S,

HIP I F i RS TG 2 & B AL AR IR S A W A VR DL B AE KA 56 Mg Mn 264 FIE
W AE FH ek 5 b o il 1 2L o0 A PR, nT LA I i 1 0 A VE TR, [RIET Mg SO 2R
By . RIS R 5, Mg 7 S 78 SR MR AR X AR, B I R AR R S s i L SO A1
R sEE | Hok %8 E T, 3X 5 Llorens %57 (g —8, (HAFR ARG FZR WAl LA - Mg &2 8 A
DM REAR, T J5 ST 5, 3X 1T BES AR 0 B e A 4 3 3800 R S T A SR /K Ak 0 R 388 5 e 1) s R 358 Bz A

KR = RPN Ga & RSB 77 AE B, S S AR WA L AR Ga & EARK FENREE
WS, Ga ME M ANBER 2 A0 4%, AR IR TR 3G A, BT DA RERS K s 540, Ga TR T RS B8 e
FERARAIFR G R MR8 & It 7%, Ga TR —HAL T REURED e KBRS B RS,

K1 RTLLA R Al A R i AL R Zn SR N, Sardans 2515 Kk BRI IR T E. multiflora "
AL 1 Zn F 53 31T 42 %1 50 %, Zn VEAAED R Z G AR A3 , 2508 i VAR FH A K A6 & 4
Sl TR SR AR ) VA T LI R S BN Zn A BRI F B RRFIEEOR . iR AR K 2
XK, AP AR Zn SRR PIRARE, FERB T Zo QB AR (i A Zn SRS

TELRE Th vl = FhRE I B AL S EEERIEAN . AR Ying ZO BF5T KB, AL 555 OS8R BRI AT Ga 1Y
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WS iz i, TR AR NP K 2557 23 J0 3 B MRSCsZ B, MUTITSE WA AL ) TE 5 R A AR G (AR IFSE R AL
BRI ARG DE K Ga S0 WOz B, BEIATE R IR A1 T, AL 3528 A3 AN 24 2 Bt S 25 4
S MR A L AR B A

TIEFR P IT R A A A A R UEAHSE , BRI IEL AT L K AL FI Fe JUR & SRR, 0 =R i
HORE A T 2R I BT AR R B N R 3 3 n] RS S 3R IR BOW R AR K B e By — e R P,
B, A R AL B R [ ol J5 0 3R X M L™ A R8O A 2 A [R] , 5 U 38 3l 0o 5 DR 00 40 2 W) A A — 7 Y 22
Sk, HEA — @R mh 22544

4 %t

AR AR R ez 0 S B o A | i 2 B M DX AR A R 2 T DR 3 2 B R B TR 0 AR
AL AN A & ALY, A T2 & i A fe T LA7E — 5 R R E U I 0 3 L& AL A 52
W, ZEGERFSE SR R R BN T P R SRR R B RS b R A
FERSAY K 528 A0 oS A K AL A Zn S84 AR W R AR A, i KATH Zn 255 8 B39 IR A R T3 SR A )
Ma AR (R BRI AR R =R K & i kA I AL Mg \Mn \Zn Al Ga & 5t DL AR
AiliZe AR Cu 1 Ga 32 AR REMER 7 S 48 705 HE LT 3 AL 640 2 M), 308 i 4 77567 1) 7 67 1
T2
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