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Xinjiang, China

GONG Lu"* ", LI Honglin'*, LIU Yutongl’z, AN Shenqun'~?

1 College of Resources and Environment Science , Xinjiang University , Urumgi 830046, China
2 Key Laboratory of Oasis Ecology, Ministry of Education, Urumgi 830046, China

Abstract; C, N, and P are the basic elements required for plant growth and regulation and their balance and stability plays
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. C, N, and P stoichiometry of
plants reflects a eomplex interplay that is the result of adaptation of plants to changing biological and abiotic environments
during the process of evolution. Therefore, it is important to investigate the patterns of stoichiometric flexibility within and
among plant species. Homeostasis and the growth rate hypothesis (GRH) have always been considered as the two important
theories of ecological stoichiometry. Homeostasis is the ability of organisms to maintain relatively stable chemical
compositions regardless of the environmental changes. The growth rate hypothesis considers that there is a close relationship

between C :N :P stoichiometry and growth rate and it proposes that fast-growing organisms have low biomass C :P and N :P
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ratios. Fertilization by the addition of exogenous substances directly disturbs the migration of elements and circulation of crop
in the farmland ecosystem. To further understand the response of crop growth to fertilization, in this study, we measured the
cotton C, N, and P contents and the biomass of cotton plant in a pot experiment involving the addition of N and P
fertilizers, conducted in the upper reaches of Tarim River. Our results showed that the mean content of C, N, and P was
388.7, 20.97, and 3.43 g/kg, respectively. The growth rate of cotton decreased with increasing leaf N :P or C :P, and the
growth of cotton was consistent with GRH. Plants with higher H ( H is the homeostasis index) have stronger homeostasis,
that is, they have stronger control over element change. The values of H in cotton ranged from 1.02 to 5.28 for N and. from
1.01 to 4.55 for P. Researchers have reported that homeostasis is gradually enhanced from prokaryotic to eukaryotic
organisms. H of cotton was between those of prokaryotic and eukaryotic organisms, and was consistent with the results of
earlier studies. The leaf N :P ratios have been widely used to indicate the availability and limitation of soil nutrients. Cotton
growth was mainly restricted by N and P. For cotton, the value of leaf N :P was 13 at the maximum growth rate, which was

the standard of judging the limiting element. It conformed to the law of demand for cotton growth.

Key Words: restrictive elements; growth rate hypothesis; homeostasis; oasis cotton; upper reaches of the Tarim River

A AT 2 R MR AU R 1 £ BRI 9 AR 2 0 R A A R E b b e R s g L g
PEHS A KRR R L E RS ) Hh AR S S S A M RE A BI85 1 AR A AR k2R e R ALK
TE— AN HEXS B 9 PR N PR | A R R IR U A DR AE 1 R 5 LR N JE R LR AR 2%
PIBCRN S B G AN BRI AT ST 0T 5 32 B 3 W QR e sh A, b R AR 22 R A R B A
Wi RFRAEY ., FEERAIRA BN CTER A pRss e B T K A DGR (B R 2 4t
Xt R ARAEBE XA AR S RGP BT A A U AR R AR B A S R G R B AR i —
WAL AMEP R AN T T RGICR WIS BRI LA | 2 B E Y o0 R OSOR FHIL ] A B
I TRBHER T R A A TR A ) T BB 72 A T 90T A A 1 AL S N AR R 2 A R

BB BRI LY e N 2 TR [ T B AU ARAE ( Gossypium spp.) A2 7= il | J@ SLAY ) F R X R HAE S RS,
B SRVEY =i SR 2 B R T RS K X A A R S BUEM AR R KR S
JCEEA KA, BT AKHZ XARABAE ™ R A Ak it A 45 7 v 40 T KRR 'S i OGS A 4
MR AE TC R G IR R FUAE ORI 5 K DL T SCiik . A SCLARIFAT X £ B B VEMIAR AL At 4 | 3l i XA AL R4 5 A [F)
BREERY) N P NEALERS AN, 4080 T ARAE C N P TR A AT ERHE, B TERIEAR B AR KR BTG A K R
B, AR H SR 4 o0 3R AR XS FMIR Y BT 78 % e LR A AT N P ISR o AR AR BR ] 5T R 2R AL 5 e, A
M T R X SR YA 3552 W P NS 3RS 48 T B A SEIA ™ i A2 7 5 PR O [ 1) A 4

1 #MR5ERHE

1.1 AR HEAE

PR RYAT | BT 7R B 1X (80°30'—81°58'E (40°22'—40°57'N) Hb b ¥4 LK 45 b 2 K 1L Be g 6, 7
PHFHRCH 1012 m, RBE R KRG TR A%, 244 T 520 W AERK A 17.4—42.8 mm, HAE NS H 4y
IMBCAY 28 KB EN A FE R A 1125—1600 mm, 78 % it K TRk R, B AL X, e 51+
B A HEHR SRR 6000—6200 MJ/m”, £ 4F -2 H BRI 5h 2556.3—2991.8 h, H 8% 8 58%—69% , i H.
G I TR E IR A I A K 2% DR T ) 1 A0 3 AR e R B A 7
1.2 W5k
1.2.1 KT

RIS B A B A P R S A — U+ — BB N 64T, 2015 4F 3 T IR ATAE A 9T DX a5 B 0 A 1, 5 b
RIAEAEY AL . T 4 7 5 HREFD, BECHR 18 SR B Bl 5 38 45, SEB0 R A — oS AT MR I A= A7
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[ A (12466+12+66+12) cm, BEHEEC K 22.5 TT#k/hm?,

RGBT ELHE N P IR IR0 RN, AAR Pt AE K SE A B (CK) it N P BRI 1 iR, 36 9 4
Ab L (CK NO-N3 . PO-P3) , HA/KFEH 5 AEE, I 45 4 5 mx7 m IRE/NX, /NXEIFH 50 em 2% b
ML IEEH PVC ARG TRE T BELRG , LAV RE 22 100 Rt I Aof 5 1 7= A A B, N A A% K OF [R) 26 B
P,0,(29.28 g¢/m’) A K,0(9.8 g/m’) ; P AL FLE AT [RIEA M N 2 (37.42 ¢/m*) F1 K,0(9.8 g/m”) , Jfi M N
HE VR FH 52 P16 A AR O PR 2 (CONLH, , & N 9 46.4% ), P RT3 52 IR (500 R A T 5 W R 45 ( Ca (HLPO,) 14 5%
P,0 5 44%) | K HE3E BRI R (& K,0 8 40%) , AR ATl AR HE AL 3B AT — A 5 N HE AR Y
409%AEFERE , 60% VEIB AL ; P AL B 1Y 60% 1EHEAE , HiAY 409 136 0 A A B RS G 1] — e R T, a3 X R
FHBE T AR , FNESR A us et JEACRL R A 45 ¥ 50T R b IEBHE /N X 1 594311 5 38 1T BE
IKHEA

R1 BERLEHELEE (g/m?)

Table 1 N and P fertilizer amount of each fertilization treatment

N.P #msK- JLZE & Content of element NP @K JCE & Content of element
N,P levels N P N,P levels N P
CK 37.42 29.28 PO 37.42 0.00
NO 0.00 29.28 P1 37.42 9.76
N1 12.48 29.28 P2 37.42 19.52
N2 24.95 29.28 P3 37.42 39.04
N3 49.90 29.28

1.2.2 HMRESHH

T ARG HT, SR AR JE 48 (0—20 em) FH T 5 00 Ak 34T AF b 199 b S JEE AR B AL 1 5T, W0 7 25 1R < K
S e 23.92% pH {H 4 8.21, B 5% 1.69 mS/cm , AHLT AR AW S840 9.62.0.43 .0.98 g/ke,

WIS FARAEAS AL B HAFE A& RE T PRI 390 1 mx 1 m /NEETT , 5 18 ki M A= 25 22 40 A 0 W 0908 14 7SR
BEVTY AR/ INBE T HROR S EERRARAE 10RK, S BRA T AR R 2, S MR TOC R S R E . 7EREMEDRE
it B [l —FE 7 N SRR R 2 IR (020 cm) o FITA AL S [0l 5000 2 W5 UEfe , 0 T 105°C HERE P ok
T 0.5 h, 285 80°C 4 F F UL F a5 5 X T/ W i D (R AR R A T AR i Tl s T it . X oo R e
PIRE BRSO AR , B 450,149 mm G5 FH . HAERE SR TS, 28 AR KT B A b i , 00 2 SRR A I
Horpr, ISR SR BT, pH BRI i S 3 R A Sk A PLTR FH SR IR P A #43% , & N
R FYLCE 205 & Pos R HARBR BT L 6k . B RESEE e 3 Uk, M 45 R DL i i e R
5 (mg/g) Tk
1.2.3  dlab g

BIRRT AL R 218 K BE 353 BT 73 BIAE Microsoft Excel 2007 F1 SPSS 19.0( SPSS Inc., USA) #AEH5g ik,
FIHBRR E T 2087 ( One-way ANOVA) A LSD( Least-significant different) ZH BT AR S A B WA
F#vEH C NP TR &8 M HAAIT R W ES, 2000, 88 H AR K-S K5 (One sample
kolmogorov-smirnov test) FIJ7 22 55 A 56 > I W 2 B0 75 IE 540 A0 DL S 7 25 2 75 B S5, 5 S 1 2 D) 20 %)
AN B HOR TR, SCrp B e i AR PEFR BIOR A KR TR A N F

WERHEFR TR A y =™, oy 230000 N S P & i 0 20508 148 N Fr ek P
Tt HEEH INRRPERE S, AERBRMITERAAKX =M/, IWEKERWITERAAX u=In(M,/
My)/to Forf e RAERE B AR R (d) MR RFERT A SRR AR Wi, Mo R A SR A
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Fig.1 Seasonal dynamics of C, N and P contents and their ratios in different organs of cotton
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SEHE IS BRI, 7R R IR B KAH ; C VRN ZSHIPEIT R | 25 4 B T A 22 A2 BE AR R, 78 1 0 22k 2 A AR
5ZE M R B2 R (P<0.05) TR N i C TR & /D T HAWA & E (P<0.05) . N.P
JUER E AL E IR T RSSO N TR SR A T T, S4B 0 NP JUR S AL AR
R, X UL N P BT R MAAAERIDCR . Ml N UK & mAE A 5 (0] 22 R 3438 31 0 5 MK AR 1
AEES T AR T AR 5 25 (R 25 SRk 31 B /KO- (P>0.05) . MR K AT P e R & B A &40 B R 1Y 22
FEPRF K (P<0.05) 5 BRAS IR UV AUARKF P U R & 0 3 5 T HAMER E (P<0.05) , HAh #5551
EZRARE(P>0.05),

FRAE C N 7EH I 2 AR IR 25 A7 7E BB E 22 5 (P<0.05) |, B 11 S5 20T AR 25 it 540
FERNEF A R B V22 5 /KF- (P<0.05) . N:P 7R & & E Z R IEARE (P>0.05) & drE
FEE S R 22 5K (P<0.05) o C <P 7R I FI VT I 35 S0V RIAE A8 00) B 0 At 2000 46 2 8 () 22 e MR 0
Wk, B RS 2R M (A R 2 R B R R A e B R AR A R 25 S T A AR AR A R AR AT
SHE(ZE 1) (P<0.05) >£74E( P<0.05) .

2.2 ARG RIE

A K R AR U T A W DL A P A2 0 28 4 - AL AL SRR A R A A LR A A
KR 5 HAR PN TR B AR E Z A7 B B RS R A R i i 0 R ) R C P FI N =P,
AWFFARAE NP C:P 5 H AR K R AR AR AR DCOC R, U W L AR K R8T i AR AL B By NP AN
C:P, W58 KARAEAE R AT B A K BB (BT 2) .

0.12 0.12

= Ld (X3
= 0.08 . e % 0.08 2
T > hd M
o . e o0
= 0.04 X3 0.04 o o
=

0 0

0.80 0.85 0.90 095 1.00 2.00 2.20 2.40 2.60 2.80

lg(#74£ N:P Cotton.N:P) lg(#34£C:P Cotton C:P)

2 MIEN:P.C:P SLLERKERMNXR
Fig.2 Relationship between N :P, C :P and specific growth rate (u) of cotton

2.3 MESAVE NP NFRITEREAL

AR BIIE AN AL A LA nl Xt A B RRPE AT R, AU P Al 2 e 3R A AN RS AR 5 19 22 A T PRf
P 5 I ZUAE A T AR AR X A% (S R PR AR e . (I mT VR R A () 38R H AR s, F )
PREFA MR E RS M RE IR ASBFFT AR AL IR Y N P JTR & ik B N P AE G B A 1 o 2% 2 T e 2R A
R AR AL AR B AR TRl 2 m 0, NI I AR PR 8 2R 1.02—5.28 728 i fie &, LRI o R AT  IRN DT R 11

2 HBESVBENTERNRMEREE
Table 2 The homeostasis indexes of N element of cotton

/R 5

e . .
ZH R)tj&ot St/jm LTé—if Grey/Flower Cotffn*%seed Cott(o{njfibcr
Parameter and boll/Wall

H R? H R? H R? H R? H R? H R?
H I Period of emergence — — — — — —
T Seedling 1.59 0.51 — — 1.11 0.63
51 Budding — — — — — — — —
441 Flowering and boll 1.02 0.53 1.41 0.61 1.46 0.62 5.28 0.38
FEES ) Full bolling 1.44 0.68 2.06 0.61 1.74 0.68 1.82 0.87 1.45 0.85 2.91 0.82
12248 Boll opening 1.83 0.55 1.93 0.66 3.44 0.55 1.06 0.74 3.39 0.65 1.47 0.43

H>1 IR A NAadE, b — U T AT IR A8 B R B ARk
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AR PEEnE U RO, R8BI ZEAE B IR B B UK M 7 FE AR S A RS A ST A N AR M A1

P OCE WARTEFE RN AL LR 3 MRAY P OCEAE B AR B S R AR, ik BRI e I 2509 P OCER A
TRt AS AR AN K, A Hh e P B 5 R AR s I A P oG 3R AR A3 U 5 K, A IS A A6 212 B
R s B SE R P OCER A RE R . BRI ik SR AOAR AT A ZF 4R P OCER AN B AR X T g
HI T b P TR A BER RE A W AR AE R AR 1K, i 2 P T R AT S BN AE AR 92 B AR
e

x3 BESHEP TRENRMEER

Table3 The homeostasis indexes of P element of cotton

T/ /5% .

Parameter and boll/ Wall

H R? H R? H R? H R? H R? H R?
H ] Period of emergence  2.69  0.08 1.99  0.07 1.66 035
Hi Y] Seedling 128 041 1.07 0.49 1.27 0.22
## Budding 1.63 0.82 1.67 0.61 2.30 0.85 3.68 0.52
FEE5 W Flowering and boll 2.49 0.30 1.73 0.48 1.51 0.65 — -
&4 1] Full bolling 1.21 0.86 1.08 0.77 1.43 0.73 148 048 X — — —
it 224 Boll opening 1.18 0.92 1.20 0.91 1.01 0.76 4.55 0.29 — — — —

2.4 N P jaiEXARAEBR ooz I

3 AT, R 1A N P IEJE A AE A KR YA a8 B 58 N P 320 S i3, M AE A K
RSN IR B RE E K, Hid NO N1 i1 PO P1 A AR A6 4% ) it 2230 A R i R Ay | R A
TENE K25 A A A K 2818 P i R I R SR . A 45 A BEAR A A AR A K T 85 2 B M 4
JIN T IR K | AR ) A R B v 0 ik B A T N R A P i AC X BE (CK) A LKL NP R
TS5 B IR AL 7 N2 P2 /KPR fe i A 1 3 10 I 3 0 a5 0K 1) 9 40 R 8 2 410 ol 48 46 17 2
K, AP H ML A A BRI S: , Z54 N P PRALGARSS S N A0S AR A A6 45 A4 3 09 2k Kk
RILTI R P RN, HoAs s A K R e N2 A FHKSF, H IR A 10 4 K A2 3 N P ST & AL R BR
i, B 532 3 N JCR ARG, X S m A i R OB E R R —8

Ack oNOTEWY B N2 8 N3 OCK OP) BP1 OP2 @P3

Ooadim L

W e B mhE wH e B ks
A B Growth stage

o
®

ERKEE G
Growth rate/(g/d)
f=)

3

B3 AFE NP HERALETIBEERKERMNZ M
Fig.3 Effect of different N,P fertilization treatment on growth rate (G) of cotton

3. &5t

3.1 HifE C N P & EHHE

C JCE RAEY 25 A A B A AL o B8 04 IS 9 R RE SR R, N P2 45 R 2 1 Jo 3t A% 49 Jo 1) B 2 4 Al ot
FZC LR R N P JGE ARIGE AR, BIREA: K B BeAY A6 C N P JE 3 A4 BC o A 3k Y 22
B, AW FARKVIHRAAAN RS FE R AL, FEC W R T C TR S B ZE R %0 AR
A& E i AL AR B MK BA 3408 1, T R i 8 1 SRR IR R 6 R A ) 1%
WA A=A R TR N P TR BRI 2, 75 RS R ARG B IR AR KR A Bl A K 1 T i
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B, X — B P B A AT LA B FRA B o T A FAE AR 1) C R S S HAMLA B ZE A K, AR
s Fite AR ot R & B SR AL R K R T RO R RIE R BEE A K
XFFR4y R B RN AR AR AL & B A AR AR R, LSKEUE 25550 &t SR, AR I 3R 43 1 5
FIRIETICEAE, 7 VE A AR I A G BOGG ™ W i R AL A% 1, Sk S R A QR A 7 3% Bl i R HE
B RS AT BIA AR R A s i I, C TR S IR BE(E, I NP SR IC R & B E O AER R
XPEFR IR BRSO T 20 M I A % IS AR AEAS 28 B N P JUR 2RI BN, MRG0 380 ik 22 0 A
TEEFARK IR AP A K R BT RN 1Y) C JT3R & i e, AR Y 32 43 W WA RE s , it e C o838 %
TN RERRAR N G2 S R B0 AT S0, FH DA A A Qo B | M 2596 5 X0 e 45 A [ AT o A
TEIC RGBT T 45 R —2,
3.2 ARKEHREULAY IR

A AR R R AR U AT A ML 2 5 P S A R BIL R AR O, T B A R A 0 LR 75 228 \C NP ER A R
IO A R R A AR B AE R AR LA AR A NP A C P ARG ARk IR MR A R A KA A
AR AR, B AR K AR R bR L B Y C P FI N <P X 5 E S S R T R IR SF A L
ARKHEFEGH NP C:P [ RB A RIS IE—5, SR, Matzek 25" 7LF0 5 E; 8 %6 (A 55 & IR
AR R 5 H IR U R R A R AR X . o AR A 6 TR 4 B 5 T 0L € NP fh2#
THRFIE S A KRR MY A KBS A K E R AR S — 2,
33 NP NREtEER

PIRRPE R AR R AE AL 2R TR 24 B AZ O A, L 559 5 W T2 ke 0 455 2 A i) A BRI A Ak R 02 ),
WITEARR AR & B BRI C R R BA RN, Bl E S A T RF T i — A E 5 Y (B SE AR
TaAR, CA MR, R EAZ A Y 30 5 B0 R A= 9, P B B i A A 2 A A A
PRk AT BB Wil ) | AR RS B S R Y KRB e R R R TR TR,
TR TIELE LR, AWFTESE R LW AR N P RN R BUSN Tk B fshy ™ =
], FF A R e 45 5
3.4 FRGIPETCE BRI

N il PRl AR 4 (0 LA 0 2 R A P B 0 T AR R i AR A0 0 A KRRV B sh 8, B bR BR
Tl A A R, A S 2R T B N P XA ) 55 43 W] 3R AS M R L 55 4 48 ) 1 3% 4 (L 75 P 6 R AR
TR TR R RS P Al i K A ST A5 AR [ DX 3 AN [ 400 %) 5% 4 BIR il 2 06 2 B P F AR i D F S
G RIS A A IO, DA K 3 kit AC A B A o g bR 0 T I NP G [ R 29 25 AR AR AR K
F AR B K AR DR T R B R NP SRy 13 224, BRG] DL WS A B 1) 12 72 43 o0 2R R e (R 13224
MAERT A N :P<13 B AL AE K2 3 N R N P> 13 b AL A K2 5 P BRI, 78 7™ IE = 4500 1y
MR EE Rk B, 3 IR 53 0 R & i S SR O A 0 R DG U I% SR Ay ST R T AR A
AR L ER U 5 M A A K TR P AR o B 1 T R HEA TR, 45 A K 2 3 N P e R AL R BRI
AT HIE S 23] P e ZE R, 5 W 552 8] N e Z BRI, P AY 35 R R AR 4 B 5 A9 XA FTAE
BT, 75 e rh B sh /N R 5 B A P OSORT T 5 DRt it 78 2 1 P OIS Bl T AR RN PR oK,
SRH T AN R R A HRBLRE 7, A48 i R P 6, 2R A5 0T AR SR O XA AL it R A 9 25 18 R A —
E LB R AL, I8 2 14 I 5 391 000 B ), Al AR 30 ., ik 22 A R T A TR A4 1, 1 A5 A S 02 1 7 o 1Y
A

AIFFE ML C TR R BT &G TGS BRI SR AN P TR & A b — 2, YRl
REGAE KB R, MU E KR S HkR NP FI C:P FUIE A R WS AR AE A KA 4 2R KR )
Ut N P JCRAERR AR N B — 2 1 N AR MEAERRAR & 2 B R AAAE 25 570 &5 B A KR ml I, iF 5%
XARAE AR K AEZ 2 N P EFIBR G, [, 5ri 532 2] P Se KA PRSI, 50 5 32 21 N S0 2 A BR i 5 a0 e bR i e
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