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Effects of iron input on the performance of Glyceria spiculosa from the

Xiaoxingkai Lake under simulated climate change
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1 Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102,
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2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: In recent years, iron-rich groundwater from farmland drainage and upstream runoff has emerged as a serious
environmental problem affecting into wetland ecosystems. This problem is further complicated by the background of climate
change. /A’ microcosm experiment was designed to investigate the responses of ( Glyceria spiculosa ( Fr.Schmidt.) Rosh.) to
covarying iron. ( Fe) concentrations, hydroperiods, and temperatures, in order to better predict the future distribution of G.
spiculosa in‘the Xiaoxingkai Lake wetlands. To test the entire growth cycle of G.spiculosa under conditions that prevail in the
field, this study used three artificial climate chambers and a factorial design consisting of three Fe levels, three temperature
settings, and three water levels. Plant response variables were height, leaf number, stem diameter, leaf area, chlorophyll a
and b, biomass; also measured were total concentrations of iron, carbon, phosphorus, and nitrogen. The results showed the

following: 1) The main effect of temperature on plant height, leaf number, and leaf area was significant, with the greatest
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values occurring in the =2°C treatment. The temperature effect on chlorophyll @ and b was significant, as well, with the
greatest values in the ambient temperature treatment, likely because of the relatively slow growth rate and higher chlorophyll
accumulation in cells; 2) The main effect of water level on stem diameter and total iron concentration of aboveground
biomass was highly significant ( P<0.001). The 5 cm waterlogging treatment was the most favorable for increasing Fe uptake
and accumulation in plants, such that total Fe concentration aboveground was increased by 227.1% and 475.9% versus the
0 cm and =5 cm treatment levels, respectively. Lastly, 3) the main effect of Fe level on all the ecophysiological traits
investigated were insignificant ( P<0.05). Based on this comprehensive analysis of G.spiculosa in its different growing
stages, we conclude that an increase in temperature had adverse effects on G.spiculosa growth, and that it performed the
best in the =2°C treatment. It is also noteworthy that G.spiculosa grew better under flooded conditions. However, the current
Fe input concentrations should not significantly affect the growth of G. spiculosa. Presumably, under laccelerated global
warming, G. spiculosa—which was clearly sensitive to climate change—will face a near-certain threat. This could have

consequences for the ecological structure and functions of these wetlands

Key Words: temperature; water level; iron input; climate change; Xiaoxingkai Lake

AR A P A SR RN R K S5 A5 A8 Ak, X b A= 25 R GE n S ) SR 2R I A XK S R T A2
BRI AF T R A AR D RE S T R A A R I S ) P A A S AN K S SR A (4 1 240, o e
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SERKAEAFAEA TR RRIG Y I AR Sk W R 7K b o A (X 22 — % X R A% F K K
PSS A IS ST SR Ak 5 e A v Y L KA S R TR DK VRS R HYSF XM 4.53 mg/L, e W] 3k 11.4 mg/
LU HEE KT B T — AR (i ks A TR, AT 3k G b 22 o 3eh A P AR K ] B2k A AR TB LY,
T 5 R i 0 AR A 4L R e BB VT K R P R, 36 0.62 mg/LY ) HLAZ I EE K Ak AR
ARSI BOK AL S 120 RIS I Ak . 324 A 1k K 3R Y BIFTE 4t R 2045 B TE 2 A
ARG B ST SARAR LT SR ST 3h R R T A Y A 2 2R G T 5T 1 A T SR A
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F2014 4F 9 H 29 H  fERITT/N4BILI (45°20'N, 132°19"E ) SR AL MR L (9 B §H , 4 1ol il = 15 07—
Sl R FCt b 9y B e R R ORI B A R B — P, 555 30 d, A EF IR 5—8 om, BEEE
KA — B R HOA AR 12 em 85 15 om BT UL TSRS FRER A, 195 37 B4 0NN T 14 2 9T L3 9 K A
i, B 5—T PR 4 DESRER (4 ANEE) AR 30 em, & 25 em (9 PVC RN AR IRSZ A R SE
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x1 TRXARETEHWELZER

Table 1 Physical and chemical properties of the surface soil in the experimental zone

HRBE/ em AHLBY % 2 N/% 2 P/% 2 K/%
Soil depth pH Organic matter Total nitrogen Total phosphorus Total kalium
0—5 6.28 33.83 1.11 0.50 1.55
5—10 6.22 15.72 0.43 0.22 2.22
10—15 6.15 5.41 0.25 0.15 2.80
15—30 6.93 3.51 0.17 0.14 3.20

1.2 W5k S sm it

ARG R N T AR (AR HPG-400HX , o ) M2 b b B8 N TSR v o B 9 4 A TR R ARk
P = B Z XA, KB -5 em (KT £ 5 em) ,0 em (REKE) ,5 em (5 FEES em)
TR ARYEL L MM 20 7—9 H 45 H 5 ANEE B - ¥ SRR AR 0L AR B (36 24 % R ) | o HRIEL B
—2°C (B&IR 2°C) +2°C (FHER 2°C ) o B A BT ARE 2014 48 X5 24U K A5 4k FE A 1) 7 4108 (3R 3,
Xof AR FE ) | %o BRI BE R IR /K B0 A RV B 2.23 mg/L 4R FH AR /K I S BR IR BE A 2 1% 4.46 me/L, ¥
Frid B AP R AN 70 2 B /K DAAE R R O R4 W R R T e, T3 R A S AT R it = R —IKF
IEAS 5L i R GE T F R 3L 9 AN B BN R PR 4 ANTEE (R 4) T B EAEA, T AR A
N1 P2 AR = A0 T S K s 2 )
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B A DA B SE A pk ZER TR RR R, B A 3 Ak, R 3 AN AT (A5 AR AR I R O
KA 2257 ) BRI IEM SR a 5 b WREES 7 90 d 5L %5 o), 5y BRI EAERRTT 70°C LT 2 1H
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2L E < TR ORS 24 0.0 Lanm ) 8 5 RO 7 Rl RS R 2E
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454 SPSS 20.0 H & MR J7 225387 ( Repeated Measure ANOVA ) FIIEAL[R & J7 2273 H7 ( One-way ANOVA ) 3
78031, R M /N 35 25 595 (LSD) KB &35 bR 22 5 (= 0.05) 3 A SCRT B IEAF & Kolmogorov-Smirnov 1E 4%
OYARRES , T 22 0 T AT TR UCPERGE 96 B3R 3 4550 50 40 B R] 1) 22 3 L AR 56 R FH Duncan Jy 854 T 58 35 R 43 M7 L
B (a=0.05) ;/EEHAE D Origin 9.0,
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Table 2 Temperature and illuminance simulation of Xiaoxingkai Lake in the environmental chamber

Aif Bt b it IR Temperature/°C

Time period Mluminance/Ix 7H July 8 A August 9 A September

0.00—7.00 0 16 17 11

7.00—11.00 10000 20 19 14
11:00—14:00 20000 28 26 19
14.00—16.00 15000 24 23 17
16.00—20.00 5000 21 20 15
20:00—24.00 0 17 18 12

2 g#=® ®3 XYM 789 ZNANKIRE

Table 3 The iron concentration of July, August, September in

2.1 AEEREA GRE KA BE R BRMFHSE YL ZSRF Xiaoxingkai Lake

?Eﬁ/“ﬁ BT 7 H July/ 8 H August/ 9 F September/
= F (mg/L) (mg/1) (mg/L)
2.1.1 FERkEEERZE ¢ mg/ mg/ mg/
B ER(LAISH R ATH 2 1S 0292 Py 0.203
o v A 1 IR ( . H. P 7 2 o101
HWHETH1TH LA B 7EE T RARAANEB s pe Ao g s

1), AR S 00 AR 5 A7 7E B 5 PR 22 5 (P<0.001) . 3K
P 3T S 7 VR R AR AR AN 2 5 M 0 5 R v 114 22352 i (R 22 (P<0.05) , A3 AR FL 52 i I8 A 3k 31 f 2 PR K
o UREE N -2°C , KAEN 5 em BOARFRME E R K (37+2.66) om, T {f+2°C .0 cm KAZALFE(25.81+1.55) em,
212 RHHEHZE

AR H SR 4 (1l A 15 H12 A1 H 12 = i1

H 15 H KA1 A1 H TR 2 Fom AR R BHY )G AR Eggg
i R]4

A 8 A 7 3 P 25 5 (P <0.001) , AR A — el

WZAE R TR Z (P<0.001) , KA A HRA RS HisY
WA AR MK, —2°C Ab R 3 5 4 nf Rk
HixZ , W14 5.27 Fr /A8, A i w4 it 309 J2: fr g Ak
PRI 80 H B 2 W, X BEREE R +2°C Ab PR R A
555 H AL, Y98 4.8 R/~ A, 2R N il 45 L B T
R B H BRI R AEE AR SR G T, it R B A%
LRI T
213 T

FEZEHE S (11 H 1S H 12 A1 H 12 A 15
HKAELALHE 1A 15 B, K- 3 F£x AR B RHHFERSESHE
W) AR A L 2507 A W F 22 5% (P<0.001) , 7K Fig.1 The plant heights profile of G. spiculosa under in different
,ﬁ—[ j’ﬂ%ﬁ []rﬁj*ﬁ %% % E{j EE% ? ( P<0.01 ) , ﬁ E %u%ﬁiﬁ—i water table gradients and temperature
AN FEZE AN 2 B ZEE RS 7K AL T i 177 0 M 7E 5 em K4S BT 25 e K -3 R (2.17£0.03)
mm, =5 cm F1 0 em KA IIEEZEAR 22K, F24 0 (2.09£0.13 ) mm F1(2.07+0.04) mm,,  HAHY R 2L 5000
S, PRI TT DR kg s I 35 o7 A B8 B PR A 2 — .
2.1.4 EFARE

M AR 3 (12 H 1 H 12 A 15 H AE 1 A 1 H FEE 4 FoR N R | A [a] ik 30 0 i
TR AE PR 25 57 (P<0.001 ), I B2 R 2 e ) it T AR F2 22 PR 3R (P<0.05) |, ZKASE RV Han A XS AT 49 ot T
RO AT TR ) B MK (B 4) , IREEALEE R —2°C 244 F 3 At I i A K, S48 (2.18+0.21) em?,

k% Height/cm
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S BRI EE 15 +2°C JAJIE A& P I ETRURRBL, 43 314 (1.812£0.08) em® 1 1.7820.15) em? {530 A FEIF I, 0l 1
Ul (R AR OV 3
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Table 4 The nine treatments of the experiment design

e D R AL AN T e e ARE L)
Treatment Temperature Conce.n Lration Water level Treatment Temperature Concelntratlon Water level
of Fe of Fe
1 X e X 1R -5 2 Xof Hit 2.23 5
3 X IR 4.46 0 4 -2 X I 5
5 -2 2.23 0 6 -2 4.46 -5
7 +2 PO 0 8 +2 2.23 -5
9 +2 4.46 5
TRLEE XS BRAL BRI E SHCR R 2 260U 7—9 1 BRSNS , Bovf B X Bt b 20 1558 SO 3R 3 246U 7—9 J ke i Wil B
6 - i1 W2 Y3 =S4 2.50 - 1 B2 = w3
B (et ibi4  (IIIOID 03805
T 225 1 ab

IS
1

)

7222777777

N i

7z

R Vil
Stem diameter/mm
3]
(=)
S

1.75

- H % HLeaf numbers/piece

%
Z
/
o
%
%

J% 7\

1.50

it Temperature/C KA Water level/cm

B3 REKAERM B ZE S HE (CFAEARERE, n=3)

Fig.3 The stem diameter profile of G. spiculosa under different

B2 AEREEME THRTEHFI FRE S HE CPAESRERE, n=3)
Fig.2 Number of leaves per plant of G. spiculosa under different
water level ( mean+SE, n=3)

RRNG TR IR 2853 B3 (P<0.05)

temperature( mean+SE, n=3)

ARG FRER IR 2853 .35 (P<0.05)

2.2 AFEPEA B AR AREE R BT i s R 1
2R AV AR 22 58 i

3.0

22w
(R T R KR BE RO e AR, 4Rk .| & hims
IS A I o A b M EERE (P< -
0.05) KL FvBRA AR 3 (1 5) . Hlabr 5 20|
W] % BRI Ab R (9042 25 a P44 (2.2720.16) %m- %
mg/ g, M4 b ¥4 (0.71£0.05) me/g, BE & T H E oL
Al PR T 5 5 —2°C Ab BRI A LK, +2°C E
SPFRMIH R AR, 05
2.3 M A LR SRS R S AR I .

IKALIR 5 MV B 5 Ml b 3 0 S Bk 5 o ) 2 A
R (P<0.001, [ 6) , it B2 b Bl AXF SR R A AN 2
Fo BARAHTRM,S em KAV AR ML SRR

¥ Temperature/ “C

4 AEIBEIRMEF HERS 0 E CFAERERE, n=3)

Fig.4 Leaf area profile of G. spiculosa under different

SEYE S (1890+215) mg/kg, 0 em KA 5514 F & &
F(580+196) mg/kg, -5 em KA1 55T &% &4 (330«

temperature ( mean+SE, n=3)

AENE TR IR 22 5 B3 (P<0.05)
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72)mg/kg, K 5 cm B EEEFE ST 0 cm M-5 ecm, AERE KO ASAET Ak 58 Pl
ik BAM BB R ENEER(ES),

35 - 2500
o a-2°C
30 | EJ0°C = b
2 (rm2-c 2000 | I
an
tE’ 25 a a b I~ J.
I 2 E3 T =
a2 20 Z7Iann i = 1500 F
% § AR af
®= 5L ®o
= _:z : W= 1000 |
g i a
S 1.0 '|'
5 a
© a b 500 L a I
05 T
0 0
4k aRa 4k 2D E=S F=Vi- A =5 0 5
Chlorophyll a Chlorophyll b Chlorophyll a+b IKAL Water level/cm

B5 AEBEMRMHBEFHEIMHERSESHECFHMELIRER B6 AREAKMBMIMF M EMBIPFELKRDE(TFe) 537 B

#%,n=3) CPHHRUERE (n=3)

Fig.5 Means of leaf chlorophyll content of G. spiculosa under Fig.6 The total iron(TFe) content of G. spiculosa dry weight
different temperature ( mean+SE, n=3) under different water level ( mean+SE, n=3)

ARVNG TR R IR B (P<0.05) AR/ NEG FRFITRZE S W3 (P<0.05)

x5 FESETIRMEFM LB FEER(TN) (BE(TP) RE2EK(TOC) &€
Table 5 The total nitrogen, phosphorus and carbon of G. spiculosa dry weight

Ab 3 A TN/ LBk TP/ PEY 2 Sb ¥ SE TN/ KBk TP/ ps¥d
Treatment (mg/kg) (mg/kg) TOC/ % Treatment (mg/kg) (mg/kg) TOC/ %
1 7590220 60835 44.3+1.3 2 6660180 64542 44.6x2.5
3 8830+350 73341 33.1£2.9 4 7920460 77431 42,533
5 8370440 777424 44.4+3.8 6 8540520 687+28 44.9+2.9
7 7980260 650443 44.3+6.7 8 8520+510 696+27 43.815.5
9 5640+120 613439 44.0+4.1

24 RES5HISRMEHE
RIS R G BT TR 22 ST AR (3R 6) 15 9 AN B A AR B (E . MR T
K M AR R RS IE I AR AR 2 A RO R S E R R A ST, 45 R,
SEFE 4 (PR 2°C,0 mg/L Fe,5 em KAL) IIALER G EI K, 4 0.676, KHIH Ny 9 NMEFRH S ALA 5
MR G . HTARSLE MIERCEIT, 3 9 ME B R G it 2R 2ok, g bR E— it A, R 7
B R IR K (-2°C ,1.462) BRI K (4.46 mg/L Fe,1.707) JKLE K,(5 em /KAL, 1.770) K, JikE
ST W R KO, i HIE B LA R Az 56 i BRI e L 4 6

3 ahitAngit

3.1 BRI RHEE R IR AR A e

TESRME S0 T A i R EAS A B0 A A TR B AR AR B RS2 A 5 BB R T AR ST 4
R R W 2°C REGEIERR T BHEF Ak A8 M AR BRI, AR bn A AR ) — B0k I ZR G 15 1)
I 73X — 2518, X R AL BRAY 43R a S b Bk, —2°C AR BRI S R EIR 2 2R G R bn R W, 1
G D PR A AR R A X 5 G 3 B 2k R SR AR A I T T B, Malies' ™ SR RMRLIMBIETY . 4T 2°C %
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Table 6 Range values and weighted comprehensive values of each indexes in G. spiculosa

b3 B L ¢E| ZEM AR MR §5878
Treatment Height Leaf number Stem diameter Leaf area Chlcont TFe
Y, Y, Y, Y, Y Y

1 0.061 0.000 0.176 0.279 0.975 0.103

2 0.240 0.922 0.382 0.126 0.975 1.000

3 0.284 0.969 0.088 0.523 1.000 0.156

4 1.000 0.953 0.118 0.901 0.134 0.668

5 0.000 0.016 0.000 0.000 0.611 0.357

6 0.445 1.000 0.176 1.000 0.541 0.098

7 0.044 0.516 0.206 0.117 0.000 0.041

8 0.061 0.906 1.000 0.450 0:675 0.000

9 0.418 0.750 0.824 0.261 0.306 0.737
FUE Weight 0.2 0.2 0.1 0.2 0.2 0.1

®7 AELAERIREEFIEMIES

Table 7 Weighted comprehensive values of different treatments and experimental factors

AR R BRI KA LR EE Y,
Treatment Temperature/“C Concentration of Fe/(mg/L) Water level/cm Weighted comprehensive values

1 X iR X iR -5 0.291
2 oyt 2.23 5 0.591
3 X iR 4.46 0 0.580
4 -2 oyl 5 0.676
5 -2 2.23 0 0.161
6 -2 4.46 -5 0.625
7 +2 papils 0 0.160
8 +2 2.23 -5 0.518
9 +2 4.46 5 0.503
K, 1.461 1.127 1.434

K, 1.462 1.270 1.770

K, 1.182 1.707 0.901

K, K, , K A48 S0 IO AR RIS E BT 5 =i & (A B 0

A5 b v T A A 3 2 B B G AR B A A R AN B I BE R AR 2°C AR R B T R A IS
HI BT 2 A BB HA ) 5508 B, ATt 98 38 /K e FIK T2 Ay i P At ) 3B st i 00, IR A 1 14k
IKART Xt AR ORI TE BB B S SR AN X — W R, A R Tk — 29T . SEUARTRIE 54 Ak R s
T3 o — AR ALV 5 | Y M 0 A K %) 328 07 28 Pl e S I, T AR 5 8 P 5 I A=A AR £ B 4
JEI AT R TR A A /N BB = ¥E ( Sparganium emersum Rehm. ) % Y5 BE 8 SRR 26 30 Ky BE IR BE T s
AR AZ B HARXEE IR T [ B A A SRl X A ARk WX AR AR AR RE T 55, T B N 9 T AR
AR R R A T A 2 R S O R AR B A AR, nT R 556 R 1459
RS IR MR 38K R 00 3 T, 0 T RR AT AE ) L SRR LA LR gT 4l S 431 A ) 1o %o I AR AR AR, TR R R
AR B R FAT 10 HAF ) AT REAR XS WX — A8 4k, b 255 e B FE A A B R G AR Tk
3.2 BRUFERZERT KA AR LR A e N

PLYLIIIT 54 AR KA 1 D0 S RS U A R A AN AR i Bl AT T 7K A7 I8 B2 4 o D R AT 7 DG B R F
X — R K AR B e B HE R A S R G YIRS 1Y A S As e ML AT A ATE ST 2% BH R M A 40 7 7K s Ty
R, e K a8 B SRR, T T AR R 4 AR B Sl ML P A R R g AR AU R 4 5 K Ao
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{105 f G R T PR AR IR KL 2% P 200 b A A0 A 7 280 SR DA T o 348 7 1 A B X 3 22 AR B 5 4
R PR TE 5 om KL T A5 IS ZEAH L T OB PSR A2 A6 B2 ] B4R s, i1 E o s e IR0 v
T 43% IS AL E G 1R BT /K AL B S e i S ) B K 2 B, X 5 W R L RE RO BIF S 5 SR AR AL,
PR SR b 1Ay B - A K R D TR R DG T R S N K S AR AL A T P S A
IRZWISE, LA B G R IR HAL T8 R A LR AR 23 it i3 R 2208 S B A MLBUAL T RR BOIRZS A A T A
PO LEAC O TERE K S AT IR AR B K A S A A 2 R AR A S R G S n 5 )
T /L, 23 Ky AT R RLRRAR IR RIZE 7= 0 R W J 1) R J , (T S B0 A S R iR AL

A3 K I3 IR BT E A I A A R A 52808, 320K 0 2R AR AR RS2 ) AL ) 28 18 A Kb Tl AH ELAR
FH¥ R A3 B PR AR AL T OE TR AR AR 25 R GRS B T A (R 3 S me i AL, S A4 Ttk — bR
RS,

3.3 PRITEEE R Bk A S A R e R

TP AR PRI rh Bkl = ik 2R 25 77 FE AR i) R Bk S SR AR R 2B 2 B RO AR B it &
B AR T R RS R AR i i S O Hh RS RO AR RO A A A R U A
AU ZRAE A AR AR AR ARG AE SRR B REEAE S em KA AMET M T oy 1 BV B AL 0 em
=5 em 554K 227% 1 476% , IEBTHM- RIS MK S0 T B 5 RIS PG IR . Chen ZE0F5TIAN,
TR ST A2 5 W Y R MRSk Bl T 3R 1Y S B D AT, LA AR s ol A B MR e Y ARSI T A
) FR) K iy A\ o) e 5 A R RS e AN .2, R I/ N LT A AT B 5Lk o B g A8 2% AF T, O AT W iR
SR B PP IR W AR, SRS A FE AR AL BRES SRR W] = kA 4.46 mg/L Fe A BRI A2 AR ZS
SN (4 Je KT o K ST IE B T M A ) % 4k 0T R (i A2 B 0 AR SR, B Farmer ™! 2 38 28 B 95 0 A
(Typha latifolia L.) TEERWTE 10 mg/L ALFN BA R THAAK . R RAFRHEY) 1 22 B4 M ( Paspalum urillei
Steudel ) Fll 4] F& % & — Ff ( Setaria parviflora (Poir.) Kerguélen) ,56 mg/L Fl 112 mg/L Fe 5% I I ) BL R
A RN EIEE HBGE R 5 T 32 B E &0, AR T lE— BT . BRI R % kT 2 1 R T A2
FeW B RE F7 , I BR 1 3 ZAE T L PR A Dolleis Ye G2 FHHE AT R BEAE 7 Immers' " 5 NI IF5E 45 R 3%
B Bk s A T IR A B2 s K AR B o 1) — SO it SN AP S A A 25 2R G 0 kA A 1) o 5z R AL
T HE— L,

3.4 Bert R AORIE N PR,

Pemt R REVE o3 A T CARAL S ) R A T A AE ST 3R B L 5 R K I e 4 I AR
0.28°C/(10a) 2" | FLAR e by DXL 1 8 s P i 245 8 P g v 494 DK T3 e v DT 5O 4 286 T 149 4t 38 <UL 28
WA AT P AR SR BT 0.22°C/ (10a) AUy R TR A i T, FLORRI AR Jb i X R K
ARG FOR ] B R R I SR R -5.71 mm/ (10a) , HL23 B 16a (1958 2 R A 6a R
JEE 114 /I8 RUBE AR S B /Mg 0 Al e 52 ) G Ak 340 e W b B A Ay S IO A A AR i1 AR 1Y
Moty | FE DRy HR SR AR A i K 20 R P A A A 1 RSP DR 2B 25 R G2 rh BURE ) b i HTIAR
LR AR IR HE T 70 A R IZ R 7 IO Xof 1 1M A2 A HL A A0 T e — 7 4 Rl

B R T 7K DA A A 2 FR e AL T e T T ) ) s T A2 A A, LI < B i B AR IR
i[RI PRI I 75 56 IR b Bk A — B R S 3 R K BT — S S G R o B e ki A BEAS (2 E
WHR K ISR Ak 2 TR 4.46 mg/L Fe B FI T B0t S E BEE 10 /E KRR 7, 5 LT, AL
75 Pl F A5 A B S A I 0 A AL A SRR B RRE 7, AR A A T Mo — 2 %) M 3 A A 2 1 o SRS
HER AR E T,
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