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Root C, N and C :N stoichiometry of 22 plant species in Nanji wetlands of Poyang

Lake
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Abstract: Carbon( C) and nitrogen ( N) stoichiometry are critical indicators of biogeochemical coupling in terrestrial
ecosystems. Besides, the stoichiometric homoeostasis plays an important role in regulating structure, functioning and
stability of ecosystems. So far, researches of C : N stoichiometry in plants were concentrated on aboveground leaves.
Knowledge on belowground roots remains unclear. In this study, roots of 22 plant species were sampled in Nanji wetlands of
Poyang Lake. Subsequently, C and N concentration were measured based on root orders. The results showed that the
variation range was from 267.15 to 423.22 mg/g for root C, 2.22 to 31.05 mg/gfor root N and 2.27 to 71.78 for root C :N
ratio, respectively. C, N, and C :N ratio of the first-order roots were significantly correlated with the second-root orders, but
not with the third-order roots. C concentration and C :N ratio increased with root orders, whereas N concentration decreased
with root orders. Hence, it is necessary to separate root orders for plants C and N stoichiometry researches in wetlands.
Moreover, root orders, species and their interaction all significantly affected root C, N, and C :N ratio. Root C :N ratios
were not significantly different between high floodplain meadow and low floodplain marsh, suggesting that root C : N

stoichiometry was more constrained at community level than individual level in Nanji wetlands of Poyang Lake.

Key Words: Poyang Lake; root order; total carbon; total nitrogen; stoichiometry
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Fig.1 The sampling location of study area
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T 2017 4F 4 A AEWFIE XU /KA A B K HE 249 3000 m T 524 500 m FAREHTE | WHG Ml 3 WAE M) BEVE R4 T
FEJT RS 2R R 53 B 4 A SRAE /N BESLAE LT 3 AN/ N B A T8 AR ) 1) 3 2 SR A ( RV
Yifp 3 ANEE) HRET 22 FEYI (R 1) . FEREA/NXCR S BIZ IR A REETIERERL WA IR
FESE N —AEE . BARIR 6T H—Fh 76 S RIZEIE FI2H0 3—5 MEF5 L EAEAR S50 P AR R AR
30 em £:x30 em FEx40 em PR/ LB R AN AR B PR EEAS 10 DR ff 482 A V8 TR0 47 1] S50 =
PR B TR/ DBV R L Heh iR 2R 2R i 2 BT, e A A R E R AR R 10—20 AR 2R R,
PLBE EHASIEATIR VR (<=10 C) PRAF, BURE B i 380 A v RS ok A R o A 2R A1 2%, DR UE AR 28 A4 T80 1Y) 52
HRAE Pregitzer % AR P 0007 i, B SE B RLIAR 2R 40 1 3 94, T i AR AR (AR A KRR ) 8 W — 2R,
P — ARSI AL R R HE R =GR, B — (B E A P —ZURA D F 100 45 = = HARA D
F 50 A4, 22 FhREY AP BRIR K T REKSE TR 32 70 2 — SR Ah , Hodx 19 R4 2 =20 B i B g 1 4
— MR I AN AR R ARRE AR AR S B T 65 C MR T HET 48 h ZAE T A FHERES SO LT Y
HE 2 Sl Ry 8, 1 B R R R AR ETC 2 40 T (EA3000) T E 4> C 42 N R B,
1.3 HdRabs

iz FH SPSS 19.0 LA K Excel 2016 X817 AT AL B . FIHZ R 5 22 0 M AR A BE T Y0 R e 5 i
RURAE AT R I A T K56 L 2B BE 2 AR R 22 5. FIFH Pearson A3 R AT A TR
MRF R A Z B R, SO g E KPR E S «=0.05,

F1 FEULEH 22 MEYHELES

Table 1 The information of 22 species in Nanji wetlands

Wb B & B A
Species Family Genus Habitat

IK Zizania latifolia ( Griseb.) Turcz. ex Stapf ARAF} Gramineae B Zizania L. AP X 1t Y A A
JRALE® Carex cinerascens PHEEL Cyperaceae EH @ Carex L. AT b T 2
TEREFL Carex japonica PR} Cyperaceae HEE Carex L. AP b Y2 9 A A
K A#EKFE Cardamine lyrata Bunge AR} Cruciferae TENKSEIE Sect. Cardamine RME Y V8 A A B
RE®E Phalaris arundinacea Linn. AAPR} Gramineae A& Phalaris Linn. At 162 V8 A A
JKZE Polygonum hydropiper L. FB} Polygonaceae FJ& Sect. Polygonum AT b Y7 A A
KU B Gnaphalium affine D.Don %Rl Compositae U )8 Gnaphalium Linn RME b Y Y A A Dk
P53 Phragmites australis (Cav.) Trin. ex Steud RAFE} Gramineae P4 )8 Phragmites Adans A Ve 1 45 7 A4 AT
3EH Artemisia igniaria Maxim 4%} Compositae & Artemisia Linn AP X 2t YT A AR
B3k Triarrhena lutarioriparia L. Liu ARAF} Gramineae K& Triarrhena Nakai PRI BV VA A A Bk
Z”fj; gobose (Tarenex Fisch, & C. A, Mey.) Haye |~ 1EFF Cruciferae HESE IR Rorippa Scop. M B o
% N Daucus carota L. IR Umbelliferae % NE Daucus L. i Tl b ) A
AL Salvia plebeia R. Br. JEIEEL Labiatae FEBHJE Salvia L. e OV )
YB3 Hemisteptia lyrata Bunge 247} Compositae T IE Hemistepta Bunge T I ) A
B9 % Arundinella anomala Steud. RAEL Gramineae il 858 Arundinella Raddi ol VR, )
/NIEH Conyza canadensis (L.) Crong. %%} Compositae FI )@ Conyza Less. 1o P A, ) A
FRAS Rumex acetosa L. Bl Polygonaceae TR JE Rumex L. 1o T A, ) A
e Elgonan peduitlins e 4855 Boraginaceac WELSE IR Trigonoris Stev. REEAE
85 Artemisia dubia Wall. ex Bess. 3R} Compositae & Artemisia Linn 1o )
B Beckmannia syzigachne (Steud.) Fernald RAF} Gramineae M58 Beckmannia Host e IV )
ii@:tria altissima (Poir.) Stapf & C.E. Hubb. ARAB} Gramineae F ¥ B & Hemarthria R. Br. e IV b, ) A
WSOV Veronica peregrina L. % ZF} Scrophulariaceae YEUEYN IR, Veronica L. 1o P A, ) A
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2 EREH

21 MESCHE

22 P — AR C e 25 L BN 304.56—412.16 mg/g, F-YIE 4 (363.57+26.00) mg/g, 2553 RE N
715% , —PMFH) C BRI M2 (388.27 mg/g) , f/ME 3L (315.07 me/g) . —ZUR C IR
TN 322.7—417.02 me/g, F-YIME 9 (373.77+24.70) me/g, 285 R0 6.61% ; —FART-H C el i 5 Ak
PR S — PR —5, =R C WRIEARMLTE RN 267.15—423.22 mg/g, FI(H 1 (378.68+27.48) mg/g, 5 5+
BN 7.62% , =HMT-1 C e B F KAl B BT (413.76 me/g) , f/IME 9 BF 7 HE (328.89 mg/g) , 22 Fhi
Hi S DLYIRIR 2T C ok B SV BB AR 3 S T S n (B 2)  ASFARJF ] (F = 6.578, P<0.01)  4)FfH]
(F=10.910, P<0.01) 4 C ¥RBESH R B FH M 22 70k, AT R C W BEERADC TR, — AR5 =9
FR I AFAE R I 35 AH OGP (r=0.789, P<0.01) ,{H =Z0AR C RIS 5—JUR | PRI AR (£ 3),

DIA 55 2K S R 48 v M B A AT B 1—3 AR T2 C YR BE 4TI (348.56£25.64) . (359.23+20.35) |
(367.86+29.21) mg/g; (RMEML IR VE AR AEBH 1—3 GUARF-34 C W70 51 (376.23£19.34) | (385.61+20.86) |
(390.17+20.03) mg/g, 1—3 AR 5 RN ARMEHD IR TE A= A0k 0 28 30 T v M b ) A (£ = 8,160, P<
0.01) . MAb, R A5 T 1 2 R J7 22 00 A5 R R IR T Wb e — 35 TR0 38 BAE ) i 35 2 AR R C MRS
(#£2),

F2 ERMAEEEETW(S) SHRF(R)MRE C N REREAZETELHIMN GLM H47

Table 2 GLM analysis of effects of order (R) and species (S) on C, N and C :N stoichiometry in two habitats
R Az

it%éé’ﬂ Dependent A Ei ‘ 3?7?}11 i Y175 St p
Habitat variable Variable Sum of Squares Mean square F
A 1 R VA A A C R 4237.246 2 2118.623 5.245 <0.01
Low floodplain marsh S 14601.303 9 1622.367 4.820 <0.001
RxS 8481.103 16 530.069 1.912 <0.05
N R 1509.908 2 754.954 32.296 <0.001
S 1674.299 9 186.033 7.960 <0.001
RxS 681.410 16 42.588 4.917 <0.001
C/N R 7106.079 2 3553.039 28.900 <0.001
S 5819.846 9 646.650 4.550 <0.001
RxS 3812.089 16 238.256 3.518 <0.001
o Wt R A B C R 6187.158 2 3093.579 4.971 <0.01
High floodplain meadow S 32320.875 11 2938.261 7.274 <0.001
RxS 17586.679 21 837.461 4.403 <0.001
N R 732.389 2 366.195 17.493 <0.001
S 893.934 11 81.267 3.830 <0.001
RxS 1107.562 21 53.741 14.703 <0.001
C/N R 6691.897 2 3345.948 11.056 <0.001
S 12151.653 11 1104.696 4.039 <0.001
RxS 16430.525 21 781.930 14.805 <0.001

22 MRESNWKE

HRZR 4 N VR BB Bl AR 7 T v 7 P AR A B A (1R 3) , 22 PR ) — AR 4 N ¥k B AR ALY il ly 8.45—
31.05 mg/g, F-XIME K (18.21£5.29) mg/g, 285+ %0 28.53% , F-44 N ¥ JF f5e R AR /N 531 7k 35 (26.22 mg/
g) FURAEE R (9.16 mg/g) s “HM 4 N VR EEAR LI Bl R 3.98—27.04 mg/g, F-YI{E M (13.76£5.00) mg/g,”%
SERHBUN 36.35% , F-14 N W e R oK R KT (25.24 me/g) , Fe/N T (4.28 mg/g) ; 2% M3 N e 75
fEIEFE A 2.22—17.52 mg/g, F-HIME M (10.61+3.65) mg/g, 2855 R EN 34.39% , - N ¥ B B KM 75 ki 5
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(17.24 mg/g) , Te/MEAEFH R (3.58 mg/g) . 54 C ML MRF (F=49.197, P<0.01) MPFl(F=5.596, P<
0.01) BEHME 4 NWRE I H R 5 ZHR 4 N AR B EHE LR (r=0.615, P<0.01) (HE=
PR Z A (R 3)
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Fig.2 Carbon concentration of different root orders of 22 species in Nanji wetlands
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®3 WRFE CNKER C/N ZERIEXRE

Table 3 Correlations among root C, N and C/N ratios of different root orders

i — G i BT
Lk £ First-order root Second-order root Third-order root
Root order Variable
C N C/N C N C/N C N

— A N 0.331
First-order root C/N -0.165 -0.943 "
ZYR c 0.789** — —
Second-order root N — 0.615"" — 0.190

C/N — — 0.449 " -0.173 -0.942 "
=HUR C -0.017 — — 0.129 —
Third-order root N — 0.081 — — 0.449 0.520 "

C/N — — -0.06 — — 0.158 0.308 -0.189

* Frn P<0.05, # * FrR P<0.01

FRZR A N S 70 AR e R 78 A AT ( (15.00£5.96) mg/g) i W Hb &5 f) M 05 ( (13.9425.25) mg/g)
PIRRAE SR R 2% 22 5 (1= 1.408, P=0.160) , H A ERMEHIR A AR BE 1—3 ZURF- 2 N 5 331
4(19.15+5.80) . (14.31+4.88) . (10.28+2.99) mg/g, i ML B A AE BE 1—3 90509 0 (17.51£4.20) . (13.04+
5.10) ,(11.08+4.26) mg/g, {HTEPIFIAEBE AN ER T Wb S HAS BAR ISR 08 50 G AR R 4 N VR
(%£2),

23 HWAH C/NAL¥IHEIL

AR C/N ARG T TH s i T (] 4), — R C/N (HAE LG A 10.96—41.99, K AL & H g K
(39.12) , K HIREARTF /N (13.43+0.46) ; ARSI FI R 13.18—94.08 , 1 HL i K (86.25+8.05) , /K H K
FE e /N(14.05+0.82) 5 — AR AR LT [l 22. 10—120.34, Fe K e /N3 51 R 85 oy 55 (96,57 £21.55) 7+ B
(22.27+0.17) , 7 Z0HrE BB ARMFE (F=33.417, P<0.01) AR#Fh(F=4.261, P<0.01) [ C/N 2
S, MM TR, PR S R C/N H B EMIC (r=0.449, P<0.05) , HABA AT AR SC IR
BEES),

PR AEBEE] /N 23 AR5 (1=0.641, P=0.522) (KM I8 A AR MW 1—3 SR C/N 458
(21.82£10.34) . (30.5612.74) Fl(41.23£12.34) ; =5 Wb B A A4 950 90 M (21.13+5.50) |, (33.79+18.74) Fll
(40.86+23.43) , A[FIASE T AR T A Al K ILAE B AR IR C/N AR (£ 2) .

3 iTtig

3.1 FBHWIHEHAEYIAR R C N HRIE K H: C/N 5 H A X He s

5 R R FE 45 T L, B PR E A AR 2R C VR I AR T 48R (436.9 mg/g) 7 RITH [ (473.9 mg/
o) RIS i R 2 S R SR R T RE R 22 T, R REE AR A R AR AR R OR TR S &R
SRR G TANF R AR, B, RAAEY) A 4 C VR BRI 2 TR, A MR R IX 7k
WEGIEER M IRHEZ —, AET4 CWEE, B FHBID AR R 42 N WK (14.46 mg/g) & T2 ERAI[E
BSF- A, 33X — 7 1T AT BE-5 T M AR 458 15 10 A B SR UK T R 56 B A — T T, TR i 3 N K
e TR ARG, DI TR R A RN (R 4) . B TAVSE R 22 FEY 8 EA Y | 8
15— B R AR A DI 5T 4 SR L & B« 0 BH TR A AR &R C YR (371.63 mg/g) KT P 5y Tl iy
J(437.20 mg/g) ¥ - IR B R (218D 524.3 mg/ g, A 548.43 mg/g) 15 [E] B BRI PRI A 4 (UK
M EHL 417.35 mg/g, B K 426.35 mg/g) AR C WA (£ 4), & CHRESMABEXRREY, MR ATHE
WER C M ML TR A SRS, S A SR G Y ] REEA B LR AHR R ;& N FHWE (14.46
mg/ g ) I T ¢ [E B JAR N Bl 45 50 = T HAB IS X (K 4) . AN, ST ER AR X 5 ik, 5 HAb X
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Fig.3 Nitrogen concentration of different root orders of 22 species in Nanji wetlands
W/ 25 ARG PO, B30 7 =2 0 I B VR (378.33 mag/g) 1 UL 0T 11 4 380 6028 B 7% (37920
mg/g) " SE AT R UL AR R A C YR 2 A K, TR AL AR AR 2R 4 N B 0 i oA T X3
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http ; //www.ecologica.cn



3 AV A BRI R ILIE L 22 R AR R A S A A Y 871

o W W R O =g
60 |
é 40
20
0
E O S -
oM OFE I X B X ERNERREALONE DN E SR D
2 K ZE 4 K EERERS = + B
X E =
N HyFih Species
E4 FEMHERF C/N
Fig.4 Variation of C/N ratios of different root orders of 22 species in Nanji wetlands
x4 AEMRREVIREBR BRELFITER
Table 4 Carbon and nitrogen concentrations and C/N ratio in different studies
WFFE X 5k R X 4377 c/ N/ C:N B Al A IR
Study area Method (mg/g) (mg/g) ’ Date source
EERFYIM A Global plant roots <2mm 436.90 10.50 55.65 [17]
FEMPR R Chinese plant roots <2mm 473.90 9.20 59.15 [18]
N5 H #EE Plant roots in Inner Mongolia grassland Order 437.20 12.08 36.19 [22]
K E B Hydrophyllum canadense Order 417.35 27.98 15.3 [13]
FEH3E Viola pubescens Order 426.35 29.85 14.27 [13]
ZIR} Reaumuria soongorica Order 524.3 4.37 13.73 [23]
H Al Nitraria tangutorum Order 548.43 3.86 16.85 [23]
TR BH W WL AR R e
Plant roots of Nanji Wetlands in Poyang Lake Order 371.63 14.46 3101 BRI
¥ ﬁ ‘F{ Ly iﬁ"
ek — 25.1 1.9 14 [24-25]

Soil of Nanji Wetlands in Poyang Lake
Order; F7m R HIRLT 434005 vk

32 MRARBRESHAL SR SRR N T
ZNERTT 22 R AR C W BRI 32 R Wb S A58 26 PR 5 5200, T N MRS C/N U 3222
ZARF SR LR BRI, RAR C NS C/N R A5 A KOs A8 AT, B A F 5
ZEp T RMRGUR il R A KA 20 N KRB UK C/N, BRI T AR i1
SEBUERFIE XA AR AL TN D7 RS, 16 5, MOEE e o e AR AR R4k SO A B R b b A A
HeB P B Z IR 1 i P PRI TR A R A7 A 55— 2R ) A B R A SR R S 2% e8h, DAl
TRUEIN N A IC G 7 W0 16 AN () e B A 20 BE Fh 2% 1 D BE 2 18] B AH ELP A SR 31 — 2R 32 2 ph ) R 41 2R
BE TR GV, Kk i B J2 M SR B IR A RIK M2 S B0 R Z N W v, A — R R A B Y
W, BEE R TR R BURAE AR AR R Ik AR EE T, 37 70 OH R AR, R I, = 20AR
ER LA GE R RE I, C WRBERR R . AHSEIE T R — PR 5 T SRR IR 70 R B RIS 20 A 7 T 3%
M HZH = RMATAE R FEM R WERY T =R — PR Z B Bk, e, WS
FEAIHT ARGAR T 28R 2 P SRl BRI B, AR AR AR I 43 B4 RE B, PSSR e ) DRI X N sk bk, [l
i, —SARAEAE R ANFR M G2 i I FE R ) C, I RE L 38T N R T 2
C/N S A P W WA 37 T R B T B IR ARk 14 BE 0 FIORS 8 R 0 R 1R FH AR B8Ry C/N W iEm] 1Rk
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P BA B & IR R FHRCR . Pregitzer 55 ZEXT L LAY QARG TR 42 11 HEAIAR C/N 19728 k7T BE 5
N R BRI G IXTEANITE P AG FHIESE . — (R C/N SAHR & AR N I B2 B i A0 O, Ul A 780
FRENE A AR R C/N FEZMR R4 N W52, X 5 R DR A R B DI A G, s AR ARy %
B AR E | AT FR ORGSR 0 A, PS5 HAR. N R 2 [ 350 W A GPE (3R 3) . 4
AL SR IR B R — 0 B Ik 30% [ NPP T 4R A L K AR 557" | Pregitzer i i3 4 A
AFEPIAR R R AR RS 5 K 5 T AR, ARG F 45 = AR 0 8 Je i A A e 2 Ao
P IRRARY C MR BERAR N MR BER i, B AT T, C YR BERG N (N ¥R B2 R %, C/N AW in , A [W]AR P[] 77
e E 2, W, #E—P iR HAR R RO 5 o AR R RS+ E

fb 211 B N EaPE (stoichiometric homoeostasis ) J&4E b2 F T A A AE RO 2Ll . Elser LR ) HRAEE C N,
P AL KR BA BRI 228 5 B YA DUART DAl i A 2 i R, A2 h i AR v 5
A PR T M R A A S R G D) BE AR e MR AL AR P 22 R AR
T 1 v Y b ) AT MR VA A BB (3R 1) PR AR N A R K o TR R 2 R Y
MK B LLER A SRR W] AR A AR R C/N AATE R E 25, (HRR PRI AESE (3R 2 P pi) k&, R
RINPIMA L 2 [BIFAAE C/N AT RCR M B 2R . X —Ir IR ES RGN T N R R IR
AT RE R R B TH IR, S5 OC SOk GE — 30 . 5 — O d R B B K AR AR TR AR R bR
PERC ARG R 200 VAR, R YR SR T R A U AR A BRI 2R T i ORI R KR R
., MAP RACE R gk o IR K R A R M LR B UL S W Rl HAB R 2 O REVE TR
i, 2B A R X 7 D EEPI R RS C N MBS S AR R Y C N IR BE2E 53 35 (P<0.01) ,fH C/N 2
FARE RUSEZRMERZ 0, CEY T2 20 C N R R K E UOIEERE VR h g e b,
BZETE C/N AR A R B ARFRAIN— B, S AR AT B8 2 0 1 60 A W A v 78 2 Sl A8 K A2 A0 T e H5 45
DB S R E R E LS 2 —

4 Lt

X 08 IS TEF 01 e e o) LA R M 1 352 R A ALY 1) 22 R IEA TR 2R C N 9 73 A 50 R W« AR
7 Wi RO AR IR R R R 4 C & N AL AR R AR . 4 C.C/N BEERF M TR misg i, &
N BEARFF T R, PR R AR R A S R i i R R FE P o AR R A2, A, WF 5T
AP FR C/N A=A 6 AR RS E PERFAK P 7 TR

Bg A b BBl B M BB 5 ORI T R S T A S T XA AR R AR T A B
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