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Abstract ; Ammopiptanthus mongolicus is a rare and endangered plant in China and is the only evergreen broad-leaved shrub
in desert areas. To understand the growth mechanism and survival strategy of A. mongolicus and the effects of habitats and

organs on its ecological stoichiometric characteristics, we analyzed the ecological stoichiometric characteristics of leaves,
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stems, roots, flowers, and seeds of A. mongolicus in five habitats, namely the fixed sand, semi-fixed sand, stony sand,
alluvial gravel slope land, and saline-alkali flat land. The results showed that the C content was in the order of leaf>stem>
root>seed>flower, while the nutrient contents of N, P, and K were in the order of seed>flower>leaf >root>stem. The
enrichment of the N, P, and K in the reproductive organs promoted the transition from vegetative growth to reproductive
growth , indicating the resource allocation pattern and plant growth strategy. Additionally, the contents of C, N, P, K and
their stoichiometric ratios in different organs varied among different habitat types. The storage capacity of C, N, and P was
higher in sandy soil (fixed and semi-fixed sandy land) , whereas the content of K was higher in gravelly soil ( stony-sandy
land and alluvial gravel slope) , and the C:N, C:P, and N:P were significantly higher in gravelly soil than those in sandy
soil. A. mongolicus had higher nutrient use efficiency in stony-sandy land and alluvial gravel slope. Furthermore, the
correlation analysis of element content in different organs showed that the nutrient synergy between different organs was
much higher than that in the same organ. The stoichiometric ratios of C:N, C:P, and C:K followed the order of stem>root>
leaf >flower>seed, N:P followed the order of root>leaf>stem>flower>seed, N:K followed the order of stem>root>leaf>seed>
flower, and K:P followed the order of leaf>root>seed>stem>flower. The C:N and N:P ratios in each organ were relatively
stable among different habitats, whereas the K:P ratio varied greatly. There was a significantly negative correlation between
N:P and P content (P<0.05), and the correlation with N content was not significant ( P>0.05) , indicating that the change
of N:P ratio in A. mongolicus was mainly determined by the change of P content. The N:P ratios of leaves were all greater
than 16 in different habitats, indicating that the growth was mainly limited by P. Moreover, both organs and habitats had
impacts on the stoichiometric characteristics of A. mongolicus, with habitat having a greater impact on C content and organs
having a greater influence on N, P, K content and C:N, C:P, C:K and N:P. Except for P element, the content of each
element and its stoichiometric ratio were affected by the interaction between organs and habitat. Our study provides a
theoretical basis for the protection and development of species resources of A. mongolicus, and helps to understand the

overall resource trade-off and covariation strategy of plant root-stem-leaf-flower-seed.

Key Words: Ammopiptanthus mongolicus; ecological stoichiometry; organ; habitat heterogeneity; trade-off strategies
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Table 1 Plot basic characteristics of A.mongolicus in different habitats
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Fig.1 Four Elements concentrations in the organs of A.mongolicus in different habitats
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Fig.2 Elemental stoichiometry in the organs of A.mongolicus in different habitats
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RK |-0.91 -0.93 -0.88 0.96 -0.87 0.10 -0.08 0.92 0.78 -0.89 -0.05 RK
FC |0.48 030 0.42 -0.28 0.58 0.94 -0.09 -0.49 0.43 -0.17 -0.47 -0.15 FC / , 0.8
FN [0.47 023 031 -021 0.58 0.94 0.12 -0.37 0.28 -0.19 -0.03 -0.11 0.89 FN )(
FP [0.95 0.98 1.00 -0.79 0.91 023 033 -0.97 -0.51 0.81 -0.08 -0.87 0.43 0.32 FP 0.6
FK |-0.70 -0.84 -0.80 0.80 -0.61 0.37 -0.03 0.78 0.71 -0.91 0.15 0.88 0.08 0.28 -0.78 FK
sdC [0.12 -0.08 0.05 0.06 025 0.96 -0.17 -0.13 0.70 -0.52 -0.46 0.22 0.93 0.85 0.07 0.44 sdC / L 0.4
sdN |0.25 -0.00 0.07 0.03 0.36 092 0.14 -0.13 0.40 -0.39 0.06 0.12 0.79 0.97 0.09 0.51 0.85 sdN
sdP [0.96 0.99 1.00 -0.79 0.91 0.23 0.33 -0.97 -0.52 0.81 -0.07 -0.88 0.43 0.33 1.00 -0.78 0.07 0.10 sdP \ L 0.2
sdK |-0.84 -0.89 -0.83 0.93 -0.78 0.26 -0.05 0.86 0.83 -0.92 -0.05 0.99 -0.00 0.06 -0.81 0.93 0.36 0.29 -0.82 sdK =
W&
0 K
c| ¢ =
F-0.2
Jo - O VDRS \
h -0.4
P| 0572 0516 P \ \ \ / \ , \
-06
K|-0424 | 0332 | -0871 K , , \ ’ \ /
-0.8
CN | -0.522 -0.639 -0.890 0.814 CN / \ , \ /
-1.0
CP|-0495 | -0450 0.979 0.825 0877 c:p \ / \ /
CK | 039% 0303 0918 0973 | -0805 | 084 = CK \ / \
NP | 0157 | -0.137 0.877 0717 | 0753 0930 | -0.794 NP \ ,
NK | 0130 | 00588 | 0.824 0926 | 0722 | -0.791 0.961 0817 NK \
K:P|-0582 | -0.490 0.941 0969 | 0873 0911 0948 | 0.762 -0.853 KP

* P<0.05 ** P<<0.01

3 DESERELRSEREMFITERHENEXES T
Fig.3 Correlation analysis of element contents in shrub and organs and stoichiometric characteristics in A.mongolicus
LC: % Leaf carbon; LN M4 Leaf nitrogen; LP; H['Bf Leaf phosphorus; LK. F#[ Leaf potassium; SC; 25/ Stem carbon; SN. Z5%( Stem
nitrogen ; SP : Z5 Stem phosphorus; SK: Z£8f Stem potassium; RC: #Rf% Root carbon; RN HRZ Root nitrogen; RP ; R Root phosphorus; RK:
HR4T Root potassium; FC: fE#5 Flower carbon; FN: fE%( Flower nitrogen; FP . {Ef Flower phosphorus; FK; f£4] Flower potassium; sdC ; Ffi-F5
Seed carbon; sdN: FF%( Seed nitrogen; sdP: FF# Seed phosphorus; sdK: FF# Seed potassium

2.4 AYEMEBIXINA ﬁﬂ:? HA = R R
WA&H C NP KITEH J&%ﬁ‘%tb% "R A 3 PR 3R B KUK 3R ) 58 L W R 2% AN A [
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(F2) o avE AT C FRMFEZIMIBIEAS] T B EAE AR C FRAFmER, #FEX C:N,C:P N:P
A IR 3 T S EKOF AR B SEAN 3, A E AAEREXT N P K S &AM C:K N:K K:P #5200 3
KB TR AT BB NP K FC:K PRZMR I N:K K:P EZEZ AR E R, ARMSER
ZLHAEHXT C N K TGRS &L C:N C:K N:P N:K K:P FSZI A 1T 2K %5 C:P A% 52 ik 2
TR EKF X P RSN

R2 BRABATESEREUFITEREMWET XEEEE GLM 247 (F 1)

Table 2 GLM analysis of habitat and organ effects on C, N, P,K contents and their stoichiometric characteristics ( ' value)

725 wE AB% 2EHAEH (SRl wE A5 2 AfEH
Variables Organs Habitats Interactions Variables Organs Habitats Interactions
& C content 3.68" 4.88" 10.27 ** Wewi Lt C:p 42,14 2.59 3.59*
A N content 79.81 %" 15.26** 8.91** PR LE C:K 101.28** 55.15** 11.95**
Wit P content 113.01 9.98** 2.18 AW N:P 37.39 3.60 5.24**
HPE54 K content 399.00 ** 147.24** 4.87" FHF L N:K 42.11** 52.29"* 18.63 "
WAL C:N 157.81** 3.45 14.49 AL K:P 17.51** 116.37** 13.43**
* P<0.05, * = P<0.01

3 itig

31 ARAERTYAHT&MHE C NP K & AT AR R RE

ANEA LTI AE N A1) C N F &R 522.46 ¢/kg 27.95 ¢/kg, KR TABREE B C &
(464.00 g/kg 20.60 g/kg) " AV EI A EALFEH HLIX (480.10 g/kg 18.30 g/kg) ' Hv Wb A 45 AR e i X
(438.00 g/kg .27.60 g/kg) " BfizE X (379.01 g/kg.10.65 g/kg) ™) # + 75 JF M X (438.30 g/kg.24.10
o/kg) P TR 3% - VG AR £ 1T L IX (435.07 o/kg 23.40 o/ke) Y A5 FLIF R B9 N A i HG G A 4
(19.70 g/kg) ') b J7 BLIRFE V85 1l [X ( 24.40 g/kg) 43 Wil 41.88% (14.55% . WA TFHZE C & EHFEH N
491.03 g/kg, M5 47 38 — PG B0 /R 22301 i [X (460.9 g/kg) ' 6.54% ;R C S HSE N 475.53 o/kg, L4 BR
BliA A (464.0 g/kg) 7 B - B HLIX (285.16 g/kg) ™ AR BTHL 6 —VE 5F /R Z b [X (418.96 ¢/kg) > 43
WIS 2.26% .66.76% 13.50% , 25 N S84 17.95 o/kg, AR BT 35 - 75 5 R 231 11X (12.99 g/kg) 1 55
38.18% , MR N S P-4 24.35 o/kg, b BRI (7.55 g/kg) ™) 8+ EREHIIX (5.79 g/kg) ™ ARKT
Prat -SRI Z WX (15.07 g/kg) > 43 BT 222.529% .320.55% .61.58% , VAL C &1 457.66 o/
kg T BB H T AN N P SR TE558 30.35 ¢/kg 3.42 o/kg IR FH L, FFMC
N.P Y&k 473.52 o/kg 47.15 o/kg 3.67 o/kg i T MY THES  WAEHEHF P K &
SR 1.41 o/kg 7.32 g/ke, PR T E B A A R P (1.50 g/kg) Fl K(15.09 g/kg) 7 it BY-F- 247K
SR A PO(EAR T e BREE A (1.99 ¢/ke) " P EARF R AUEEAT HBIX (2.00 g/kg) 0 B A R
X (1.60 g/kg) ®) b AR MK (1.74 g/kg) 2 25 43 HIMIK 29.15% .29.50% . 11.86% ,18.97% , Tiij . F[ hir
FEHIX (1.04 g/kg) 2 ZRBF7 % - PSR /R 21X (1.18 g/kg) Y 1 35.58% ,19.49% ;M |+ K & 2 5F-44 7.32
g/ kg G T4 BRI 44 (8.95 g/kg) FIHEMN (8.38 g/kg) HUSEHIAKSE-) ) 28 MRAY P & -S43 5108 0.95 o/kg .
1.07 g/kg, LARBTRIE-PESR/R 2K (1.03 g/kg . 1.10 g/kg) K 7.77% .2.73% AR F& P 1 P35 & &
Ferb B A A (0.80 g/kg) ) 5 18.75%, FhFHIFERY K & X 15.17 g/kg 12,99 g/kg, 5 FiRHE
BT XA, VAT A4 C N S AxEem i P K SN, MR R E4ETE CHEERE, i
MR C AR A R A, T8k KRR 1 (0 [R5 T X AN AL S B B AE S O v
AR A P AT DX — 1) S i R AR K R B AR A AR Ry 21 BT DA RS i O B AR T H
O 38 It A7 A AL BRSSO P VD AT VR R, AR R L AR LA AR,
BREMA SRS HAERE T RES WA A YA T 2 W T, Il 200 55 ) 5 0 3 222 38 n 40 i 1
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BB, NI T 2R AR Y Gl N S 2 a8, vl Lo A K E F S5 TIKE .

A AL E T U RRAEE TR A KRB SR RS, i R C:N R C:P B FU (B B, A4
WS SR kA on 2 T REIRIAL C RO RE B, | i R 52 S e HH AR 6] 385 5 0 2R AR W5 01 RS0, b s
TCE AT AR HE A 4 A R 3R 2 (B A AEAR SR A AR S ) A K S S B0 30 5 DA A R R B B i A )
AN BRAC I3 A 28 B — I A BARAY C:P I N:P 1 P A& S S it 3034 ARk v
AHEAFGE JEFFPTFHY C:N C:P C:K M N:P B EMFHALIRE, M NP KEFRTETENEER
THAWAS 8 E B2 B ERD - BB XS R 25 8 B AR AR i EA T T RS0, U A BT RAR N T 2 1
BIILR NS BT , BN T — BT DA E O R & LA & R IR A 2R K ORI
N:P (AR i H A i ) NP AR AT USRS A A Ko RS2 W Fh e 2 A BR ), — A N - P
FUAE/N T 14 00 =222 PR, i N:P KT 16 W F=ZZ2 R &, AT 14 Fil 16 Z Ak 2232 N Al P ({35 ]
B, V4 o N:PEUAESE R 16.07—29.66, 1 B A KA 1) T 32 B FR il . 2003 4F Olde %577 #1424
N:P /T 14.5 N:K /N 2.1 BF FEY) F252 N BRI, 2 NP KT 14.5 K:P KT 3.4 B M) F23Z P BRI S
P A1 N JERERR S, 24 N:K KT 2.1 K:P /NTF 3.4 B fEY £ 237 K BRI K A N JLERRE 75 Bbk R 2%
7R, P &E MR NP N:K K:P HAEE 530 16.07—29.66 .2.19—6.79 3.52—12.29 , Hd N:P L)
KT 14.5 BE,N:K HAE KT 2.1 BE,K:P WEHKT 3.4 BE, DA FERK A BETWmN FZ P
FIRRH, R PR A B BT R SRR AR A R R A BB R A, AN IREE S X A e R,
T[] He s B R A K R BRI B SR e K,

32 DAHKAE CN.P K o & A AT Hoe A BRI B i

PS4 B IR A KA 2 5 M 258 C NP K TR & i A i L 3% 2
B SRR AR B AR A A K R AR R A AR A R R AR R O X A R B Rk
TCR SRR, AT, AT S BRI TR S22 R 0 E, VO R A 5 S A Y Y
AR R E AR R L RO IR AE T 32 1 5 A 4 4 A e R BRORIFR A MR S R T A
Fil R A EIRBUE S kTR, 5 Ak AR W RAESHE P25 & SERY N C A E R Lt
ARAE R AR B S XV AT IR & i R, R RAEBE N DA AR K B AR S 32 8 PR BRI, #E 3 A 1Y
AR AR A BBt Aok AT 8 B = K0t R N P K & SHAL S A 40 e He ], DA
TS N AN R EREE , LA B0 N P K & JH C:N LGP C:K NP BSE IR, I FIAR R AR A A8 4 1
AR R ARG AR B AR B X IR BE A AR TR AR S T SRR A AR B ST M R
B3l R R AT SRR B R A SR A i O B A AR TR A A R TR A Y R RS E 1hE 0)
FER TR E IR TR AUK S MRS iZ B B, VB s il i, 257 5 o /b R (A AR 8 2 6 SR Wl
s B FROUR KISR0 B T R R e K R B R NIV A BIARZEM T, C NP,
K JCE & I RN >R SZE ) MENEYI MY T, C TR EA Y AN 2RS4 BB, A
HEZS 50 E RSB, T C TRESGE TS B8R, XWHER AR AERAMT,
AR — BRI C & R4 SR RN, NP R N A e v, b AE Bt 25 R FEA
FiF NP K & EAEARM AR D22 2% B2, b N P K & s is, A6k 2, e or B2t R
FZE Ui N P K FEF IR FRALHGE P EE, FrREhESE N N P K SEa A TR EHEEE
S IR R A BLRY aT DMR VD AT B SR A K 1 A B A K AR A R B R L T 3 B W TR R
VAT R TR KA ISR FE TE AE S R G0, R R A AR K 5 AT, % NP K JG R 443 Bic 3 M & T
PO . IR e E SR AR RO B A KO R 25 5 A B, R SE AR ) 25 B 1) NSRS A8 L B EH A T R 1 43
Ak, 0 52 B AR ) 0 R A A R A A SR )T A B A RO VA 8 TR R Mk e i R

4 ZEig
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5 4B T AR E W R A SR . YDA A AR R B i R AR T H A S B i AR SR R A A
SR EAE AR AS 45 VX NP K RIS R T B9 LU 0 7 35 25 5, R B 4 B AR TS B 2 OB TR Y
B, Fr AVD A5 248 B B0 R B BT S IS DU 2 BN « 1> 48> I > MRS 28 3Rl = R E SR T R B H
S B YR AR A LM RV & i E IR A K ) AR B AR R IO REAE | Sl 1  CAB 58 20 A9 ) o DR e, DR A
SRR ARSI T | RGBT 2E T S AU 75 BERS UM RIS IR AL RN BEAR AR R IR S 2R 5 LA e 1)
AREERT, AT ITR SRS RY kB KR 5 32.119% , RIGS A 9 5% 73 D[] P o
T E A, PATTY CiN L C:P NP {ERR 3 (1 b s Mt BBR A S ) LA v o - S (8 A [T
U Fh i, RIVD AT A U0 AN AR A B S o ) B R A ), TP AT CON B RO T P LK
R G, Ho D E R S R T Ry RN A S A NP I EA R T 16, BEMIVD AT AR KA T2
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