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Seasonal variations in C, N, and P stoichiometry of roots, stems, and leaves of
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Abstract: C, N, and P are the basic chemical elements required for plant growth and regulation, and their balance and
stability play an important role in many physiological functions. Ecological stoichiometry combines the first law of
thermodynamics, the theory of evolution by natural selection, and the central dogma of molecular biology, and has
organically integrated biological studies at the scales of molecules, cells, species groups, communities, and ecosystems.
Plants adjust their growth rate to adapt to environmental changes throughout their lives. The growth rate can be regulated by
C :N :P ratios; therefore, these ratios reflect the adaptability of plants to the external environment. Seasonal variations in C :
N :P ratios reflect the seasonal variations in plant growth rate. Consequently, research on the seasonal variations in C :N :P
ratios can increase our understanding of plant adaptation strategies. There has been limited research on the change in C, N,
and P during the xerophyte growing season. In this study, Phragmites australis, the common reed, was used to examine the

contents of C, N, and P and their ratios in roots, stems, and leaves in different seasons in the Keriya Oasis, China. The

BETA ER A RRREHA - Rk 6 5 & T H (U1138303) s FRK A ARSI 4 T H (41461105)
Yo B H#1:2015-07-08; EAT H#3:2015-11-27
* MIRVEH Corresponding author.E-mail: gonglu721@ 163.com

http ://www.ecologica.cn



2 S % 36 &

contents of C, N, and P in the plants ranged from 140.4 to 565.1 (average 393.36 + 99.92) mg/g for C, 2.19 to 34.48
(average 12.43 + 8.70) mg/g for N and 0.26 to 4.42 (average 1.25 + 0.74) mg/g for P. The means of the C :N, N :P,
and C :P ratios were 54.55, 9.96, and 441.27, respectively. The order of the mean contents of C, N, and P in all organs
was leaves > stems > roots during the growing seasons. The content of C in roots, stems, and leaves increased first, and
then decreased again. The contents of N and P in roots and stems decreased gradually during the growing season. The
contents of N and P in leaves decreased first, and then increased again. The changes in C:N and C :P ratios were opposite
to those in corresponding N and P contents in roots, stems, and leaves. The ratio of N :P was highest in leaves and was
lowest in roots. The C, N, and P contents and their ratios had moderate variability in all organs throughout the growing
season. Factorial analysis of variation for each parameter, with sampling season and organs as independent variables,
showed that the contents of C and P and C :N and C :P mass ratios mainly depended on the season. The content of N and the
N :P mass ratio were mainly determined by the organs. Furthermore, N is a restrictive factor for Phragmites australis in the

Keriya Oasis during its growth and development.

Key Words: Phragmites australis; ecological stoichiometry;organs; seasons; Keriya Oasis

HIPIIR (C) VE(N) B (P) 03 Je HOF i B e 5 R AE A AR K 0 A BRAILRE R 30 o R Y
BT~ (Ecological stoichiometry ) il 33 73T AE W) R4 2 F AL TR FIRE A EAEH, MR E C NP
EICE MV R W R AL AR AR AL T — Bl S, R Y AR SRR A Y M e
R AT ARAEESRE, Z 5P BB A S RS0, S0 T AR SRR A " B T — R B
PR 5 1 T XA DA A S AR AR 2 | L 32 DI [R) A= 35 FUR [ A 16 RO A R A g b g2t ) RRIX
FPFE AR SRR JCRBEZ AT T8 B RR A AR BEA: S HRAE 5 AR R B O R B e R M H Z 1 8
AR X4 7 I AR 35 R A 0 A A R LA B L,

T FELE S Y L AD H HELAS vt R G s T R X, ARSI IR S, K TR | - Bk I g e
W AR 2 S BOZ XA W ZFEEAR AR AR B 25 A T 5, 522 %2 ((Phragmites australis) 2 4FE
RABHEY , 5045 T 52 X SR A AN Fha i DA e — ey Dy X, R XA S Fh B A 5 7 25 1
FEEPEIEAS A B A SRR A SIS B O R AL T R B 4 A A A I A A 5 ff
F#GE , AR REA AR S, REMTRA T HESHE C N P AN 2 e 0 27 A8 A
B, BTEMAT R A PR TR A A K R IR AR A e 1, 0 78 5 AR A A AR S A 2 2 S b S R £
RS RGN SEHE,

1 HERF*

1.1 WF5E XA AL

0 AR AL B S 3 TV R 2% R 1l P BCIERE, 5 81°08759"—82°00703"E, 36°44'59"—37°12'
04"N . Z X B = AU, 5 4R 5 460m, S fRHFHK 1 180m, BB KBtk T 53 iU M, B IR 22 K, 4E 1
S 12.4°C, ZAEARRIR 4 340 °C;REKHR D  AEBIREK & 44. Tmm; 28 K5 A AR 28 it 2 498mm; it 5
HERRT I E RS i 143.086kCal/em’ s FH 2 WD FIVE ARG TR E KA, BRI DIARR + o 3 J AR
I, SR, RS, Z X R R (0—20em) BYFEA TR LR pH {60 8.72, 3K N
15.46% ,H LT A A0 SHESUGR & /090 2.97g/kg 0.15g/kg . 1.86mg/ kg .305.20mg/ kg ; “F- 21 F 7k 4
N 2.92m, JLHR IR XS 7 m, 73 KW (Tamarix spp.) .54 ( Populus euphratica) | %% 5 ] (Alhagi
sparisifolia) LR EZEW RIRMEY) . XX AT R EZAREER ., HA TG A0 255 IRA
1.2 FEACRES T

FEBFGR DX SRR S M AR PR T — 300 5 AN P E R e (DL 1), 43501 2013 4F 4 A (A= K1) .7 A
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(AERKIEZE) 110 A (KRS FE A FEHLFEALIE R 3 > Tmx Im PYRETT, #5050 F 2o T e BORE T 9 10 A 2
%5, FEHUI BT N AR b Ao (R AR 2R RN ) R TR BT AR T N SR T SR T A B 7 A A O R
T FZH0—30cm i T ER AR AR (ELAEARZEFIAUR ) o B be ey [0 S8 30 28 28 05 ke, THERR P 105°C R ok
0.5 h, 285 80°CHET A, By /m i 100 HU , IUE 4 C 4 N M4 P& o 4r C i R FHE AR R4
AL 4 N SRR AIIUGE A, & P SRR AHBR DU (i, A AR S E 3 Uk, T 45 21
DL BT TR & i (mg/g) R,
1.3 Haibat

BAERTIHAL IR 2518 K Be 43 M 43 SITE Microsoft Excel 2 007 F1 SPSS 19.0 # b h 52 i, FIFHEAH % )y 2%
M7 (One-way ANOVA) H1 LSD( Least-significant different ) 22 85 H0 5 4351 43 M1 AS [R) 2 By 18] 0 AR 4 2715 [a] 25 35
CNLP ARG W22 5 SR T 6% BT N P A B I P bt L 165t
777257 H7 ( Repeated-Measure ANOVA)

2 GRS

2.1 9 C NP & HAR = 8 i S G 22 R AE

XFFE A3 C NP & i SO E T L T e B g 122 40 B 25 R sk 1 iR, C N P & s H{EH
oA 393.36,12.43 1.25 mg/g, H T RAEW A BT MESE , I IS 225K, 50 5k 424.7 32.29 4.16 mg/
go W31 C N P AR AT, C :N N =P C :P ¥J{H 2091y 54.55 .9.96 . 441.27 , Hith N :P LfE/N T
14, W58 AW A K2 N TR RSN B, 7285 RE(CV) s R WL AL AS f 25 AR B 1Y £ 22468 FR . CV < 0.1
FEGES0.1<CV<1.0 FPEEARSR CV=1.0 HRARR, LA C N P & i R b0t i AE 5
PERTAT AR S R BEE 0.25—0.83 Z 1], 4 R ih AR AR

F1 AECNPIEREAFITEENFRITFESH
Table 1 Descriptive statistical parameters of C, N and P contents and C:N, N:P and C:P of Phragmites australis

" . - - nfE2E - . “
2 e WM ROkl o ik fi Kurosis Z55¢ #5
o . Standard U Jiz ..
Parameter Range Minimum Maximum Mean . Skewness Coefficient
deviation o
of Variation
C/(mg/g) 424.7 140.4 565.1 393.36 99.91 -0.38 -0.63 0.25
N/(mg/g) 32.29 2.19 34.48 12.43 8.70 0.86 -0.39 0.70
P/(mg/g) 4.16 0.26 4.42 1.25 0.74 1.39 2.54 0.59
C:N 206.58 5.79 212.36 54.55 45.51 1.47 1.82 0.83
N.P 17.82 2.86 20.68 9.96 4.13 0.34 -0.52 0.42
C.P 1419.69 76.17 1495.86 441.27 295.15 1.37 2.04 0.67

22 PUELALE C NP & A L 2= SRR

AFERKESEEHE C NP SEAERIHBERWZEZR (B 1), FEKESSE C NP TEMNZL
FUAY Ryt >ZES MY H 21 S SR IE S A, A RWIIAESHRER C SRR EES  ERKERARY
ZERIM C H B S TR (P<0.05) s RRIAERKZETE C S ST GRS 22t ¢ S
AR FTT A 22 50E B3 (P<0.05) 48 C & R B A K iR 2 g 35 3 T 2B Kb R A= K R 1 (P<o0.
05) ., AERWIWZERIT N S B E S THR(P<0.05) , A RKIEFFRGUU A N &7 5B E5 5 (P<0.05) ;£ K
W F AR A P S R THRZE(P<0.05) B KIEZEA A E ] P &80 B3 (P>0.05), A
A KRB E NP CE SR —8 MAZE N P & AR >4 K IR KR,
NP & A RIS A KR WS A K 2 o AE KW N P oo &R & i i 3 TAE R R A KR W (P<
0.05) ,AERKHEFFARMIE] N P & & 1922 7R3 B Z K (P>0.05)

AFERFPFERNE C:N NP C.P R — AR 1), AREKFESELSE C:N
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Fig.1 Seasonal dynamics of C, N and P contents and their ratios in different organs of Phragmites australis

ANEIRE T RER R (6] — i B AN ) 2790 [ 22 5 483 s R [l /N B R ) — 2 AN ) i 1 i) 22 5 i 35 (P<0.05)

AR ARSI AR S 25 S0 AR R BIIIAR C. N B35 1 B34 (P<0.05) A K IE RN B C.N B (K
THAZE(P<0.05) ; BEA K035 CoN e T G BEAR, AR A - C N FEAS [ A4 Z 4y () S B
EPEZ T (P<0.05) ,25 C. N AVAEARKIERFR B 2 & TR (P<0.05), 7% N.P MARLBEHRS NP &
AR —, A KA F3 4> NP B T (P<0.05) A KIEZFIRM N, P 7EMR FIZE 0] B 3 25 57 (P
>0.05) ; AR K F T ERAZE NP RN CEMR)E TH R, R NP EA K SHE R m Lo B & k2R
(P<0.05) ,25 N. P 7EA KWyl I T A K BE R AA (B ( P<0.05) s AR K =0t R NP 2R A0
F(P>0.05) . AERKWIMIMR C.P BF & THL IS (P<0.05) A RKERFABASER C.P EZRARE (P>
0.05) ; AFIAEKZEMF C.P 27 B3E(P<0.05) MRAZE C.P WKW R A K IE ST E K (P<0.05) , 10
JE TR E A (P>0.05)
2.3 PFEELAAYE C NP EERET 0 ECRHIE

AR A T S AR A T 3E N AR A S A DL R R A B AR LR N SR R I T g
P 5 LA S A P S A o B b )L B S AR A 2 e R A R i 22 Y RIR A K B BRI € NP A
B BCAS SR an &l 2 Bz, AR C & aE7eAR R0 20 B B 35 R 3894, 43 3R 32.42% (33.73% Fil
33.85% ; A KHEZ 35 C TR 40 B M4 e L1 A 8 BRER K0 3, 5 A4 K A EE , AR A 43 Tic LL BRI =
30.74% , ZEHIH F C & 520 B H 143 B34 3 34.06% 1 35.20% ; A48 KRR C & B 8900 e ilit—4
W2 26.89% , 25 FN F C &AL BB N3] 34.519% F1 38.60% , B&AE K ZRP N & B AR FI 25 19 43 e
451 it A 4K 2 0 AR A AR SR RERATG , 7E AR K AR 43 51K 15.66% F1 22.42% ; I F N £ 43T F0 461 DU A B 1, )
ARKRWE L 61.92% ., P Fa A KA AR  ZE R0 9 4 B E 471 53 531 ok 22.57% .36.33% Fi1 41.10% 5 3| 4E K&
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MEZE AR P &80 LB T 6.70% , 25810 - P & & B9 LB F R 2 34.15%F1 36.59% ; 3] T 4K
ARUPRFZE P & B LB IR, R P & & B9 e F 1A T ks hn , 43510~ 26.53% .28.91% Fil 44.56%
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Fig.2 C, N and P distribution characteristics of each organ of Phragmites australis

24 C NP AR RIS A0 s 547

P C NP A B i OB AR L T R 8 4K 22 T BRI 22 05 T SRR 45 A
(£2), M CHEZAK MR EBI(P<0.01), KB 2V Mk, 580827.60, Hk & A Fl B B
(P<0.05) , PIHZ S AR IR C 5k BB IS 3] 527K T (P<0.05) . N 4Tk 7255 3 98 2 K 7 B 19
SN, LR 25 F 07 RN 3101.60 , AN ) Az 1< 22715 LK IR R B S8 FAR A 7 25 N 2 B 52 0 325 1) 4 I 25 K-
(P<O.01) . P AL B B K515 (OB, /) 7640 P 8 0 50 3 B 38 2K (P
0.01),

*2 BEAFECNPIREREUTENEBEEREZERKESH
Table 2 Summary about the effect of variation from different organs, months and both interactions on C, N and P contents and their ratios of

Phragmites australis

ZH 7 SR N i BT ¥y P

Parameter Source of variation SS MS

C/(mg/g) #HE Organ(0) 2 99755.90 49877.95 7.97 =
4 B 81425 O-error 36 225328.77 6259.13
245 Season(S) 2(1.42) 580827.60 409315.83 101.01**
AEXZET 0xS 4(2.84) 45183.57 15920.69 3.93 %
Z=A5 [H)iR 7 S-error 72(51.08) 206830.88 4048.78

N/(mg/g) #E Organ(0) 2 3101.60 1550.80 94.65 **
% B 81425 O-error 36 589.87 16.39
Z= 45 Season(S) 2(1.68) 2885.29 1719.80 59.68 **
PEEXZEYT OXS 4(3.36) 471.96 140.66 4.88**
ZEAT )R 25 S-error 72(60.40) 1740.42 28.82

P/(mg/g) #HH Organ(0) 2 6.58 3.29 10.07 **
#E iR O-error 36 11.76 0.33
ZE7Y Season(S) 2(1.42) 18.78 13.20 28.58 "
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SR A5 SR N i RS il ¥y F
Parameter Source of variation Ss MS
AExZET 0xS 4(2.84) 2.92 1.03 2.22
ZT7 [E]1% 2% S-error 72(51.19) 23.65 0.46

C:N #E Organ(0) 2 49107.25 24553.63 22.50 **
#EIRZE O-error 36 39280.73 1091.13
Z 45 Season(S) 2 79529.82 39764.91 50.72**
AEXFTT 0xS 4 15837.43 3959.36 5.05%*
Z= {5 [A]15% 2 S-error 72 56450.02 784.03

N:P #E Organ(0) 2 800.84 400.42 49.58 "
#E R 2E O-error 36 290.77 8.08
Z= 45 Season(S) 2 74.41 37.21 3.87
AExZETT 0xS 4 124.77 31.19 3.24 %
ZT[E]1R 2 S-error 72 692.17 9.61

C:P #YE Organ(0) 2 378476.03 189238.02 2.75
A E [H]13 25 O-error 36 2481172.43 68921.46
Z= 45 Season(S) 2(1.73) 3321146.51 1922874.09 32.60 **
TEXZTT 0%S 4(3.45) 257602.77 74573.30 1.26
ZET[E]1R 2 S-error 72(62.18) 3666965.52 58974.89

A M G55 BT A% Greenhouse-Geisser JTi5AE1IE G AU H A EELE R ; = « P<0.01, = P<0.05

P CoN AR R BB K R, O A RIS E , e 2 MR R s BEAEH, =#X3E C:N
HEAE A SE M B TA B 2 5 /K (P<0.01) o AEERE XS NP AR S A 520k B8 8 2 KT (P<0.01) , HiEg 221
D7 Fd R, R 2 A HAE A KR RS B 25 NP R A 2 i 3 K 7 (P<0.05) , C.P B 23|/
R ZE TR, L 22 P FliR K, o 3321146.51 , AR #8 H S P A 2= A8 B AE XT3 C. P LU B A 52 e A
KB E K- (P>0.05) o

M2 AR E M HEER F AR, AKX 3 C P .C.N . C.P LTI R TRV E M 22 5,
FEE R ZE 55X N NP STk R AR R WAL, bl AR ZET N & 8028 ST NP s &4
e = 2EH

3 HFwErig

3.1 5 C N P e RERE T

PSR BRI A Y, T AR AT A R AR AT AR SCF S S B AR P SR G N T R A A B R R Y €N
P SIS, WA T A B 2 0 2 B AR 54 AE . HAE SR A K B3 € &8 (393.36+99.91)
mg/g, IR T 42k 492 FRHAEYI ST TR0 C ik ( (464 = 32.1)mg/g) '™, PEETEARRIER TP N &
R (12.43+8.70) mg/g, W FH KT 2ERAEY) N & 2 AFHKF 20.1 mg/g' ', 548k P & HEKF(1.99 mg/
o) VIR AT XM R A A TR P (1.2540.74) me/g FUAR, AR TEEARNY CNL P L H R 373:
T (YA R F o 983:15:1) 2509 C N :P B bR 317:9: 1 (1 R T He ok 839:21:1) , i i C:N:P [
Tt bR 277:12: 1 (FF A R F LR 706:27:1) , R T2 Bk E 47K 2
32 PMEELAAYE C NP SmydinAs Rl

C S A4 T A B A AL S PR IS DRI BE R E N ORI P& R 1 B RS AL 4 o i B 20 oo 22 S
I, C FEAEF N P IR SRR A FAR AT, — 0y C AN SRR AR N AP A2 A 2
ARG AT E BRI R R AR P AR R S AR DN, C R S A E R AL Ry
HLEVEBIAERE AR 2 BA /308 01, 75 B IR A0 25 SRS R O T J M 00 320 T 188 o %) 2 sk 3, DA TG
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X NP OCR BRI 2 . A RIEZRI BT LS A5, R M AR HRE IR AN & O & )
FRTRI A A, SIS R AR A I A A 7735 Bl D RE e, W 2 A B A A FR 3R A= W B il i, C 5 ik 3
WL, TP S5 AR X R TR A WOBCEEAS 1 A0 I I K (0 3 (A 35 4% B B N P e R Z B R ™, 1%
SR E X YRR RO S VR R 2 59 C fapak AR, S AR B C SRk B R R IE(E,
A RS AR W SRR PR A ) AR R RE I AR B ik, it € 5 d/NIR B FAIR B RO NP AT
BT, LA S A A B AR 3 571 S 2 XA P AR T R A AR R ST A SR8

TEAE T S R A DA A R 9 B 1) A A RS A BR B W 4% — i 9 LE 91 0 BE 25 AN R RERO 48 8
T AR A S C RSO 7 ARBESEAE C N P &k M ZE 1 AR 700 e T HAR N e 7%
S BRAS Ry , A28 R 55 2 e 7 A 28 R R) PR P 3 C N (P P2 B i ZE R [ 5 B A 43 195 0 LA B R DAk
A0 X B VR R P G B i T A R — B TR T R R AR A RS ICAT IR 2 E 5
P, AR/ INE S50 ST S CR R T B I LR NP S AR Ak B R AE, A E
RARME, SAM TG RA 2L,
33 FEEAEYE CN P LA A A S L

T RENS T Sl PR BE TR 705K, DT B AR P 2% S0 38 AT 2 8 SR TG i by A S A PR AL, X 88
AR B A ALY GNP AL AR A AR A, TR AR 7R AN [R] ) 2 A T, AT ) B 0 3R 5
TEAS B 01 43 TC A9 LASE AR PREE | SR 5 S AP ) A A s 1) T BN 20 o VR E B2 A AR AR, C
N HIC =P BUREAEYEWRNCE TR R X C B FALRE ST fE— @ R b 1A i 9R  FUHRCR , B
FEAEREN L AEERE C A RAEAKIERE R, N P SRR, mE KRS C SRk
%, NP S R, SR S SRS ) A 0 SR SR AR M A HTRIK ST AE e R Z A E 2 A
Wyon T R X SN IR B RHRTTRE Sy, S0 T XM R B C NS, M C P SN AR AR RO R, K 3T
FERAR s 12 1AM, B 28 FH ek sy , R 327K o W I A P REARG 08 T3 it A C OCsR I e, Ml C
P A PTREAR, 25 C P Lo Frin A A ORI AT TN, 8GR C N A C P [RIBHARRAE I NP A ]
FREE, UAEDT TR 7Y/ E TR e R AN B = A1 00 T 1A HAT B i) 9% 00 R AL Je AR W) 3 1 42
IR IRAS I —FAEAE SR 2 P36 C N P AT LU 2 8 (LA 5 SR 8 5 A6 1) X M Vi U 1 Y
P GNP AR LU Z 158 AR LA B A 75 45 B4 X BT R S 551X 6 b 2 ZE A e R AL
L= 1 AR AL A RIEAFH )
3.4 P C N P i AR E TR R B AR S o B

YA C N P ALSETHEEAEZ B Z AR ) N 2R (AR BE (61 Wk R 90 L IRE ) K+
HEK A4 ) WM ) I R TR TR 2 TN T LA R, AR SOMOR R A R T RIS TR 45 B0 A
C NP i KA AT U R 1 S ST 7R, 736 C P (C N T C =P AR 5 2 352 AN R AR R TR RE
NN :P (728 55 T 22 AR R4S RYRZ I N S A2 S P NP Y s Ate £ A . A AR R =0 5
HEFTEE LR A TR IR B 22 5 — D7 T T A R A A A B RO 2 RIE S R, o5 — T T, 452
KB E R A 0] R JE 5 1 22 5 1) E BN, ARBETE P =B R i 2B A AR R AR IR A T, A5 57
S T LA Z AT X — 2B 5 T A B RIA R 3 C NP AR AR AR R AR, BBAR M35 C NP
PRI S B A2 A TR R (E R T A S AR S B T IR AR R A ) B
Pedh, AERFNX C NP &R LA LRI I E B IR AR 3 A B A R0, B C P Sb, 2R E X
C.N.P.C:NN:P MK 1 MK X — U T2 48 B A 7 h 2548 B X 0 i o]
MEARRE,

TEIE KA REAL I R b AR DA W R B AR A B 1 22 b 22 R A A 16 sl SR X T b, JEHOE ) A Bl
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