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Characteristics of plant ecological stoichiometry homeostasis
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Abstract: Stoichiometric homeostasis is one of the core concepts of ecological stoichiometry. It refers to the
ability of an organism to maintain a given elemental composition in the body despite variation in the elemental
composition of its environment or diet. It reflects the net outcome of many underlying physiological and
biochemical adjustments as organisms respond to their surroundings. The homeostatic index (H) of plant can be
estimated by measuring the nitrogen and phosphorus contents and N:P ratio in plant and soil. In general, the
homeostasis of plants is weaker than that of animals, with a larger variety of homeostasis. Stoichiometric
homeostasis is an important mechanism in maintaining ecosystem structure, function, and stability. The
homoeostatic species tend to have high and stable biomass; and ecosystems dominated by more homoeostatic
species have higher productivity and greater stability. Therefore, the homeostasis is considered to be an important
index to measure species competitiveness. Studies of stoichiometric homeostasis of plant will help us to
understand the adaptation strategies and ecological adaptability of plants to the environment, as well as the
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relationship between plant ecological stoichiometry homeostasis and ecosystem functions. However, there are few
studies on the internal stability of plant ecological stoichiometry. Previous research showed that the stoichiometric
homeostasis characteristics of different plant species or functional groups were different. There were differences in
stoichiometric homeostasis among different growth stages, different organs of the same species, as well as
different nutrient elements. This paper reviews the concept of stoichiometric homeostasis, the estimation of plant
homeostatic index (H), the stoichiometric homeostasis characteristics of different plant species or functional
groups, different organs and growth stages and different elements, as well as linking plant stoichiometric
homoeostasis with ecosystem structure, functioning and stability. Based on the obtained achievements and the
current study, we put forward some perspectives of plant stoichiometric homoeostasis for future research to be
conducted with an aim to promote this discipline of research in China.
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B BRI AT BB fe & DL 2 b 2 0 2 P 228 (Elser,
2000). EAOEAEYY . BT A PR ASET R SRR SRR R R AR A S
R, S T ARSI — e AW i) B SR B AN A s VA B S, A
AL ED R T dUi . AHLR. FIEE. BFE . A8 RASEA A RS R0 i B # Re %
BHUHG ok (MR, 2005; FHHRAIT SR, 2008; A4 MEENE, 2010). AV
PR AR TG AR, BT KRG A R AR A TAE A Bk Fon R E A . Yk
() Cv N. P AL BAIE 5 A SR E . BEESEH . AT RGN E ML A ihEk
RN YA (Loladze et al, 2000; Sterner & Hessen, 1994; Elser et al, 2009).

A WA TR AR AR R R A ST R E OS2 — (Persson et al,
2010), FHHRESS5PR AR SRR MG NPEA 9K (Jeyasingh et al, 2009). M IE N AN FERE
e E N AR TER FU R T — N F % B, BRI AR AR, (it BN R AR
B 72 Hh — AR ARAY 1R £5 15 (Giordano, 2013). A=At i AR PRI 78 1% S El B ] 1) G 1 F
47 (Levi & Cowling, 1969; Goldman et al, 1987)% & R3S, FIFEhAI HAAEY) (Rhee,
1978; Andersen & Hessen, 1991; Giisewell et al, 2005). 1T = £ W44 A J0 2 i P A2 b A4k 2
THERERE 2%, Xm0 752> (Cernusak et al, 2009; Matzek & Vitousek, 2009; Yu et al,
2010; R, 2017). HIAMAL AT EAEIR AN A2 RSt & A
Aot )N FRE, TOGE BIRAEY CRAE. ER. EY)PINERTEIERESS (Elser et al, 2010).
MR b, WEHIE AR SRR, BRI A A 2 A AR AR,
Fa kv RE IR WG SR (Williams & DaSilva, 1996), 72 F1 L B i A A AR TR, 1%
ERHYICT =S, KT 301 (Sterner & Elser, 2002). 31— 771, AFEJuE KN
WAME, KETERMANRESTHMEITR, METE&TIELETR (Karimi & Folt,
2006). A AT RN RRNERZ TR BNCRAL (™ 1ESe5E, 2013). JEiRLL AL (Sterner
& Elser, 2002; Limpens & Berendse, 2004). #H##E . LK KB BEFMICE (Yuetal, 2011)
Faj- AL

A S AL T Y AR P BRI A b s AR A R B AR A () AR BE AN AR AL R IE Y. (Hessen et
al, 2004; Elser et al, 2010), Py F& 4 {5255 5 0F0 ) A= 28 SRR ALE N A 9¢ (Yu et al, 2011).
A A B PR R 1 T S e T AR A A TR AR A 3 T R O L AR R B 8,
HHRARXS Ny P S0 &R RIS R 58 X o 1 7EH (Gisewell, 2004). N JuzE XA
K () f E LR e CL A U T 28 B BRI BT E SR AR AR, P TR EE R
PTG RS TR, I AE T AEFF T[T A (Plénet et al, 2000; Marschner, 2012). 7E A 5
mERRE, ARSI E N AR E R A RS AR A AR E M (Yu et al, 2010), {H
WEZAM (BEAEAIN) TR B AR E T E N S A KRG R (Bai et al,



2010). HTARIFESRFRY., NEEYHERRZ WFAEERER, EHLETEN
R — SRR AR S RGBS, B AE S RS0 W I A ARV 55 b (R RRAIE iR A5 AT
Fo

BIRE WM R S E T BN RS REA 2 (HAES KRR AES S
Ak 2 L E R R E AT = B AN (Sterner & Elser, 2002; Elser et al, 2010; Yu et al,
2010, 2011; % &3¥4%, 2013; WA, 2017). HRAFFREN . WMok r N Fadt 59 %
MR AR e M TEAE G, 1T HAE 2 8UE 00T, BEE KT AR E 5 A4 78 R G DhRg LA AR e 1t
WIEAE (Yuetal, 2015). PEMEATVE R EDIFISE S I EEIBAR RIS, 2017).
I, ZSCERIR E AR TR A ST 2 N R FE IR, [F S S GRS 25 A SR,
DAHA A BE G A P A A 2B T R N R TR AR S R L5 . ThRERI AR PE4E R 7 TH 1R
2N E RS RS ' R R R AN 2

LA AT E N AR RN & A 2

PRt BEAR B R 48 A AR TN A1 TR 58 v o0 2% m R AR A PR B i ORRF ) S A 0 2
FRIERIFXT RS (Sterner & Elser, 2002). 1AM KIAR L FEF, A0A VKB Zh 25 F
M RF I B S B A IR R E , AR A HUE A IR R AR R R BN L, A2
AHRNTE K2 N EaZHLEI (Sterner & Elser, 2002; Zhang, 2003), X Flt f1 4= W 7E K 313
AR v oAy B A R SRR T TR R 4E 5 B B A0 57 2H SR X AR E I e Dk AR AR S Ak 2
THENRAPE( AR N ESTE) (Kooijman, 1995; ¥4 H|3255, 2017). AN F o RA MK
7 iR PR AR S A T R A R RO I BV JE At o 2R 2 Hp ) Bl A ST S B ML R ) 7R
Gy P pH ESEABE SN IR AR AT R AR, AT BN WA ISR R R e, w3l
B PHR N R AE G IIATURE (S EMPR4, 2005). fEASKYIHESH, AHE
TR MBS AR A LR TR AR5 T ATTE FEIFAES . vl R 1 B8 AR 43 70 2 R AR 5
FHXIARE ) — MRS, Bhas-Pl R A S i B AR AE BB BR Al (Sterner & Elser, 2002).

FEA) B A 5 Ak 2 T P RS I R I R A A B ) 3 A I R P X B B 3 B 1 45 5 S THT R 3
FARACES, MEE AE e ARSI R RAE R B BT R FHERARE (Sterner & Elser,
2002; HEFIFEE, 2014). R0 C R RHIEYN AR, RV AT 2 R A AR AL 2k
A% TG AT R DL R R 2%, T AERAHLAR IR 97 20 & DLAR G IR 1932 5E  (Hessen
etal, 2004). JCH WIS Z AR N R T R A7 B S, 2B RS ERm,
wn, Mgt C N FEREE P & ERIKKEYIE 20X NOs i (Chapin 1991;
Grossman & Takahashi, 2001; Frost et al, 2005). C. N. P& :EEmongk, HE4dwikd
RO E LA, R, ARSI RSP AR RIE R CO Ny P E RS EMK
L5 R S 5E (Tang & Dam, 1999; Sterner & Elser, 2002; 755, 2012).
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B e s & E R AR A — 8, WA NUARTERES . B A RS Sb RS ik 2
THEFFIENIEA GG R, %N 1 (B 1A). WA NURII T SRR S A5 YR A1k 2
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AEVENATCR S ENARNESA e, 4RSS SARENEMIINGFE (T,
2012).
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Note: The abscissa indicates the stoichiometric characteristics of external environmental resources, such as P%,
N%, or N:P, and the ordinate indicates the stoichiometric characteristics of organisms. The dashed line in Fig.1A
shows that the stoichiometric characteristics of organisms completely change with the external environment, and
the two solid lines indicate that the stoichiometric characteristics of organisms are continuously affected by the
environment; the solid line in Fig.1B represents the stoichiometric characteristics of organisms are not related to
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TEMA A, H>1 nT AR A 4ERF W AR IRE /) (Sterner & Elser, 2002). AN 411,
ZH 1UH O<UH<1)XKfyE WM 15%55 (Hood & Sterner, 2010). Persson et al (2010)# 1/H
Ko RPYASER N 0<1/H<<0.25: WEaZS; 0.25<1/H<<0.5: F5WNFaZs; 05<U/H<0.75: 55
BUKAY; 1UH>0.75: BURA. ELAELEEHEYARERF I, —58E A H ERE
TENFaPER AN (Yuetal, 2010, 2011, 2015; Li et al, 2016). Yuetal (2010)i\ A, A&t
N FREFR R H AT AR 2 R FERRTE, a0, AU R R R I AR B T RE T

JEEAE R AR IR o TR E RN DS B RN SR S IR IR 1) (A A T
ER . A2, TGeEAEE BRRGH B, XS5 UH 18 F S5l i 28E, Koy UH A
THPEA T B AR A TR B R R M E R R IREOC R, 4 UH 73 8 LA S0 kA
EAEFE N FatE AT REid T A % (Persson et al, 2010). 4¥fEE b2t BASMEARILIR K, 1
T A T B B SR Z PR LA R 2 A St B T IR AR AR ORI, R R O
REMERA I SO B B A AR I o b Ah, — e i i B AAER B 7, A A MR I A 0t
BN BN TUE (Persson et al, 2010; Xing et al, 2015), ixtb2x# — R UL A FatEe % H
M AERHE SR FRAE AV 2T B A AR I 2 555

2 A A E A AR MERAE

STV ANME AL, B4 pH E. KoSsimiett, A5 hEEn
Rtk 32 B T R AR LU B RS A PR AIE o R 0 3R A R ) A 1P s LR AR ) A P
VAT, W, FAMRIY. [Ffk. RIS (Sterner & Elser, 2002). T AN AE KB Bext 9740 19
T RANA], TP N R TR BOE o AR K B A B BORBIAE A . AR PEFR BNV AT BLJ
I A PR R R AR AIE DA BT IS5 11 38 2 SR 5 ()8 35 1) P R PR i Bt IR A 35 R Gk
JE MDA I EEE S (Yuetal, 2010). P AR E5R IR AE P 11557 23 R 7 RO PR
TETXPE IS Fh L BRAERFH AR M S8 AR K s A e PR 55 B D ) 1 NP BT 5% (Persson et al,
2010). [Fit, PEME R BORE Y AT R TEIE N T AR RS, T N AR R BRI AR I E 2 78
PR R EARE . (ETENFRERES H RESMFETESNEESH . —, HXTHE
YIS ITENISSIRE H e 8IEAZ (G4 MSE, 2013). M H A PRI SCEK
3N, AR RN AR AR RN /N BB S5 AE A R A SR BN [F R DR R . AR K
BB ANFZE B A PR BRI Z S, B, AT LA T A S
TR AT T 2L LRI «

2.1 ANRIFF D REFE I FTHE N RS HERHIE

ASFEFERDN BERE S AL 22T R IR ds ki S R AR OS BRAE R E R (™
1EJ%4E, 2013; Sistla et al, 2015). ANFEAEA)FR B FEREXT PR BT ) A2 2538 L SR A BT AN [
(GUsewell, 2004), & AT it AF B A= 25 0 A2 R 88 H B 1940 2% 0 38 13 B A0 EUAGI O% J8 oRad RE B4
i, PRk, ASFEFEETh RERE A AT e A ARG E AR MERHE (R 1). Persson et
al (2010)%} 20 MR TR I : A LR At BRI NSRS, A L
PIFRASTERTS . Yu et al (2010)i8 X} Y 58 1 B i 12 NIRRT A0 N P Ui sEat s R i
YN R FRECS KA S IK R IEAOCR R, RIMESA M B N RS 4850 T H AR, A
A N RSP 3RE Ao 77243 (R 77 ST RESE IR ~F , AT BE 25 J i B L JF A2 78 R 4
TR AL SO AR . 75 P BSINEAE TN, W EARARHEY AV EM P N FR
fREE T SR PR LRSS AR R, X TR S R ARHE B A KB &R, fe
WIS I R 25 43 5%, T B s i P N AR X R BRI S I A 1R s (54
K5, 2015). fEAKIBAR RGN, KAEY VA I 70 =200 Bl s/, RIS
Yt sE T E N R v TR 25 Y (Cross et al, 2005; Demars & Edwards 2007; Tsoi et al, 2011;
FeijoOet al, 2014). FEAFIE B¢ MM 7E e AL A R I HH A R A ST B AR VERRE, &A%



TN JEER A RRVE AR S, 10 P e N AR PERCHE A58 (Wang et al, 2016). 2
(2017)% 2RI AR A ZS R GEH BEVIIIBE FOR DL VA2 Tk MAe WAk He B oAl
WAEKKBRARWEAHFAEREZR . TRREARNIASH N SR IRBIER, ERREARS
N & &AM NP & TR ERREAR, 5ERREARMLL, JEEGRREARF
KL, RYJGRHEA LLAR GRHEEABAT M1 N AaE (Guo etal, 2017). AIZHEHIN
fatkmFA T EY), HEGE N NRTERT RN I — DR (IS, 2014; R

& 2017).
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Table 1 Ecological stoichiometric homeostasis values of different species and functional groups

g Tu R IR N AR HE AL

RE o . ik
Stoichiometric homeostasis values
Type References
(H)
N P N: P
7K 4t0 (DeMott & Pape, 2005;
Daphnia Yuetal, 2011)
AR
2.04~3.45 — 1.3~2.33 (Guo et al, 2017)
Shrub
SEAE)
" - - 2.52 CIkFT%, 2017)
Desert plant
Hh [ R )
) 3.54~7.68 3.87~5.60 3.15~10.29 (Yuetal, 2011)
Chinese herb
2 [E F AR ) .
) — — 4.30~9.60 (Dijkstra et al, 2012)
American herb
BIRYEE Y
Tundra vascular 2.70~7.10 1.60~2.90 2.30~5.40 (Guetal, 2017)
plant
A
1.40~2.02 3.30~5.24 3.52~4.03 (AL, 2014)
Wetland plant
KA 9524 Weakl
) UK Plastic UK Plastic ) Y (Xing et al, 2015, 2016)
Aquatic plant homeostatic
BRIHE
B 6.40~12.10 3.90~11.40 — (BRY5735%, 2016)
Fern
EEEY)
1.40 2.40 — (Wang et al, 2016)
Moss
e 100 (Rhee, 1978; Sterner &
Chlorophyte ' Elser, 2002)
IR
9% Weakly e
Eevergreen forest ) - - CHY%HHSE, 2015)
) homeostatic
seedling
S H T AR 3527 Weakly FFa7S Weakly
) ) ) - (Yan et al, 2015)
Subtropical forest homeostatic homeostatic
AT
2.33~5.62 1.94~458 1.36~5.04 (Yan et al, 2016)

Arabidopsis



thaliana

- 0.75 0.79 (B4, 2017
Suaeda heteroptera
Nz
N ) 1.18~6.90 4.89-15.47 1.38~4.43 (P55, 2017)
Triticum aestivum
K
2.40~5.95 1.74~7.87 3.75~5.94 (T, 2017)
Zea mays
iyia
o 3.58~13.91 6.19~22.58 5.10~20.35 (P55, 2017)
Anemone vitifolia
Amaranthus 3.00~4.80 2.20~7.10 — (Peng et al, 2016)
ascendens
. (Ryser & Lambers,
REL Grass — - 3.50
1995; Elser et al, 2010)
SHIE2

- — 2.50~2.90 (Gusewell, 2004)
Carex curta

2.2 YA FAKH B THE AR ERHE

YA S 2E T B A R MR A A I A KR B HERR T 2k — 2 1R 4K, R R Y
FEPERT AR BT AR KSR WA [R] 10 B A AN R AR A 355 1 FL el THE A R 38 B AT A Dh e A
[, F—MARSEEHNTRRER LGB BT T ZER. Yuetal (011)XE5, KEEH,
REbe 78 =R A R . AT NS P e RN RatERE S Hys He F1 NP BRI
TRt FE%L Hy. p HBEE A KT RE KA G,  RIE () AR PR TR S A K P B 2 1E B ffi oG
R, HUL TR B E ) RS RGBT R B B, BTN RS IR o B R A I e R AR
55, HTAFCEEEDATEIERAR, N P EARNFEICERBEEBDNAEKEE EHUAM
Atk %4 (Peng etal, 2016). {EVRMIER RS, ARVFSEE KNI SEAR R A K
REMBAFAR, BEEMEDEKEE, HAKERE Hys Hew Hy. pv FABEIRFIZER
Hps Hn. p FUEGIYEEAR TS Hy. p NFE, 10 EOREZEAIA Hey Hy. py P 2B N R ME TR 2L
He\ Hy. p FIVEG VI A2 250 N AR PEFR S Hy. p W I IG NG SS, X B T #2770 52 BRI 45
HAE A AR KO R ot b T 28 B IR B AT, R N IR K IE Mg R (%
F¥%%, 2014). Peng et al (2016)8# i X} 0 A F A K EBLHT N P oo R BN FRMEF B 7L
R, DGR FFEEA. R RER A (Y Hy 23508 4.76. 3.03. 4.35, H, fE4N T A
N 217, IR RIECR, A 7.14, MAITIACH N TR IEESEM S B R, s KH
BN AR SR 30s T 25 B, 7R B M B P on R WA EfR 8L He A e T T 2
e P A ke AT A K.

2.3 AR E B TR AR HERHME

TR A RS E AT DIREA R, FREYIRAF &S 5 R A AR 8 N R
fibo FENSEE, 4R YN A AR MRS S B B OOHOCR R, XM T
P AN TR 2 B R 0 0 20 e B AA[R] B 2B SR I B 2 A, an it Bomh = Bt Y
FAVERLAR AR & 20 X6 TR 70 (IR WA R AERF b b B0 B O ARk, AT A A ) RE A AR
B (Yuetal, 2011), FEARAGIBALER, FRARAFRIEREE Hy He 21 (Li et al,
2016). FEMRMBES RGH, HARKE. M ER AR NSRS Hy B2 w12, 31
Hye 235 TR (EAIESEE, 2017). XETR ARG ANEARMD MW TR, M2 A 4
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it E AN FaME R TR (Garrish et al, 2010; Minden & Kleyer, 2014; Schreeg et al, 2014). AR 4
TN 2 B T 28 Ll L S AR 218 L B 0o b R L SA ST AL 2 R A R 3
XF N PURR I 7 st R, BRI A i N PR T 2 AR &R, i B2
AN N NEVES S T RO, AR N AP T30 (B 2), RUIAEDFIA
A #5 B AL A A AR AR O 22 5, e X NS N ZE LR RAZE TN Ca
PEHSE, 2015). M EREFALE R ATE H, MK E A 25 e R AR ARG
A, HEY)IE T AR 28 B 1R A AR O 2ORIE MR EE, DR SEREEN

] B0 Machilus gamblei
6 [ #tWLN, sumplocos ramosissima

N PRF2EFEEY N Homeostasis index
(%)

#2 Root 1% Stem M Leaf

K2 NACBSZIG T pIMEYI S ANFE G E N B AT
Fig.2 N homeostasis index in different organs of the two seedlings in the N addition experiment
(A WTH%E, 2015)

2.4 ARTTER N IFE AR AR

C. N. P EREMAEKEKE VTR KRETER, DRITTHRAEYEN KIEAFRIER,
FEAFR IR E 8= U LN FRPERHE A — 8 2 5 R AE RN & B R E e R A FR ik
BT aa MnsR, W N PRREST P MEICEMINREET EEILR (KELER)
(Karimi & Folt, 2006; Han et al, 2011). HH{, 70N G0 AN [F B R ) A A2 1k BRI i 48 SRR
2 FFIX W Bl NS R A A o I R R B H BT He, RIAME
VIR A AP A R R A on R N A R IRTERE /) (Yu et al, 2011); KT=%iH C oo

SRR R REURUN, N 3.65%, RILHEGRMAFRYE, TN, P LR SENR R REY
KT 30%, WERMHERSS (FRRESE, 2011); ARKEMBEMT C & ENL R /i
AN, WERPERE (M55, 2015); ARAGIBAGEJEAR AR LR 51 Hy KT Hp (Li et al,
2016); TEIRHAEYIH, N GmRBINFRRMEREGE T PoGE (HRIR%E, 2017).

IeAh, CAHMFREREH, EY N, P oRmFINRRMERE (Hys He)/hT Hy:p, X2
RN LN B N R P (AR B BRI, BRI N TR BFUEE tEREE P &
wEIFE (Sterner & Elser, 2002). FHET Hy Al Hps Hy:p SNSRI SRR 2R 52BN,
YA S AT 58, 3R AR B B AR PR T Y EEEARIILE N ¢ P BT AN 2 5
TLERMIEE L (BB, 2011). Kk, EAWEMED NSRS, H Hy:p REYM



PR SR BRI KR 1 S RS O 2SR
JMMAEB WA EARME S ARG DIREAMRENE R R

AT E N FRRYEAUR FSRA IR AR P 5 AN R EE 2 R 10 T A, &t nl1E W
VRMEEESES RGN, TRt 5 M EZEFR (Sterner & Elser, 2002; Yu et al,
2010). FEYIBEVE P RAF AR RS e, AR B RN S IE B SR LA
JOOFPREEIE B (P 5R 554 5%« AHPIIRI 77 40 FI F g 2 s M 2 A 5 A S R G450 Thie
DA RS E TR B N 2R, AR R E R AE S RAE I &, REIN ST
BN RE R AE RS RGNS LSRR E MR EZNLE (Yu etal, 2010). EREAES R
i, NP LWE A A B Rt Efe 2, RS m A B s R B AR E I A
&, NS SRR AR RGAE E A e, st 2 iR
AR RAEN . Dhee e E4ERr I EHEHLEE (Yu etal, 2010, 2011).

Yu et al (2010)i8 3% P 58 o B AR 25 R G P AF BF A AE SR 4G . 27a Bl AL 1200 km [1)
25 (AR FE T A T 7T 45 SRR . (ERKCF b, . TR A g B R G R A A
Hn 3 55080 1= & BRI N Fatt 2 P (R IEAH DG R, 10 Hp W 590 FP =3 FE . Fase M 5%
PR, RWEFAR RGBT N W, EREAKYE L, WERNE MR 27a 1
WEIRIG A I H Y SEE R tE. e HRIEMSER R, M7E 1200 km {25 (A4
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