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Abstract

Aims Sand-fixing shrubs play an irreplaceable role in ecological restoration and eco-environmental protection in
arid and semiarid regions of northern China. Determination of the stoichiometric homoeostasis of dominant
sand-fixing shrubs along soil nutrient gradients could provide insights into ecological adaptability and pattern of
changes of sand-fixing vegetation in Horqin Sandy Land.

Methods We measured N and P concentrations in leaves of two dominant sand-fixing shrubs Caragana micro-
phylla and Artemisia halodendron, and the total and available N and P concentrations in soils beneath the canopy
of each shrub. The differences between the two shrubs in N and P concentrations and N:P of leaves and soils as
well as in stoichiometric homoeostasis were examined.

Important findings Caragana microphylla had higher leaf N concentration and lower leaf P concentration,
thereby higher leaf N:P, than A. halodendron. Soils beneath the shrub canopies, regardless of the species, had
higher total and available N and P concentrations relative to soils outside the canopy cover. Moreover, the total
and available N and P concentrations in soils beneath the C. microphylla canopy were higher than that beneath the
A. halodendron canopy. The stoichiometric homoeostasis indexes (H) were ranked in the order of Hp > Hy.p > Hy
in A. halodendron and Hy.p > Hy > Hp in C. microphylla, respectively, suggesting N limitation in A. halodendron
and P limitation in C. microphylla. Therefore, Caragana microphylla could be used as nursing plants in degraded
N-limiting soil because of high Hy. However, due to excessive uptake of N, Caragana microphylla might suffer
from P limitation, and adequate P supply should be considered during the restoration process in sandy land.
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Table 1 Nitrogen (N) and phosphorus (P) concentrations and their ratios in leaves of Artemisia halodendron and Caragana microphylla in Horqin Sandy Land

(mean + SE)
Wb Gh7 ﬁii’ﬁl‘_l"‘léﬂﬁ EP@?Z’& RE S‘EFT%?E& _ ff}i/ME ff}ijcﬁ
Species Index Arithmetic average Median Mode Cv(;:g;:(l);r(l‘;) (;f Minimum value ~ Maximum value
HE N(g'kg™ 23.24+0.49 24.50 27.00 18.71 15.00 31.40
A- halodendron P (g-kg’l) 3.80 £ 0.05 3.82 3.67 11.05 2.86 4.53

N:P 6.10£0.10 6.17 5.59 14.43 4.02 7.82
NI L N(g'kg™) 30.44 +0.46 31.00 30.40 13.24 18.20 37.90
C. microphylla P(gke") 1.96 + 0.04 1.97 1.97 17.86 1.24 2.69

N:P 15.86 £ 0.29 15.71 11.28 15.82 11.28 2433
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Fig. 1 Comparisons of leaf nitrogen (N) and phosphorus (P) stoichiometry between Artemisia halodendron and Caragana micro-
phylla in Horqin Sandy Land. Differences between Artemisia halodendron and Caragana microphylla are significant at p < 0.001.
Vertical bars represent standard errors. Ar, Artemisia halodendron; Ca, Caragana microphylla.
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Table 2 Nitrogen (N) and phosphorus (P) stoichiometry in soils beneath Artemisia halodendron and Caragana microphylla in Horqin Sandy Land (mean + SE)

G HECEHIME LRE0E AR AR R W/MA W RAE
Yok s Arithmetic average Median Mode Coefficient of ini Maximum value
Species Index g e Minimum value
variation(%)
HE N (z'kgh) 0.15+0.01 0.14 0.17° 57.14 0.01 0.38
A. halodendron " B
P (g'kg) 0.05 + 0.00 0.05 0.03 60.00 0.00 0.11
N:P 3.10+0.26 238 0.43 73.22 0.43 12.10
A N Available N (mg-kg ™) 15.77 + 1.00 16.20 21.60 56.04 1.17 38.00
AL P Available P (mg-kg™) 7.82+0.57 6.80 9.80 64.32 1.28 20.06
AL N:P Available N:P 227+0.12 220 3.60 46.70 0.59 5.77
ANGE VYN N (z'kgh) 0.23 +0.02 0.21 0.02 69.56 0.02 0.65
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P(g'kg™) 0.08 +0.01 0.07 0.03 62.50 0.01 0.19
N:P 3.08+0.21 2.87 0.76 61.04 0.76 11.99
# %% N Available N (mg-kg ") 19.38 + 1.08 16.88 9.43" 48.81 7.39 44.86
AL P Available P (mg-kg™) 9.74 £ 0.55 8.60 6.10" 49.90 2.93 24.80
AL N:P Available N:P 2.11+£0.07 2.11 0.35" 27.49 0.35 3.91
N E A
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Fig. 2 Comparisons of soil nitrogen (N) and phosphorus (P) stoichiometry between Artemisia halodendron and Caragana micro-
phylla in Horqin Sandy Land. Differences between Artemisia halodendron and Caragana microphylla are significant at p < 0.001.
Vertical bars represent standard errors. Ar, Artemisia halodendron; Ca, Caragana microphylla.
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e /N S ) L 3R AR [ U P S 0 VR ot 1
IR FE AN B R 45 . SR, HEA NP
JOEMNPIE —FH 2 AR EER. LIEPFEZ+
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Fig. 3 Relationships of leaf N, P, and N:P with soil N, P, and N:P in two dominant shrubs in Horqin Sandy Land. H, stoichiometric

homoeostasis indexes.
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NZE G = VDA TR R AF 78 2 N, NS &
% LRI O A R AN, A ELERRR E .
R /NS LI P e 2 R & BRI
K, HNPIEAANZ HIEPE BRI, R
SR e, LR R AT 1)/h4a3S)LE & A
HEGRM IR R TERE S, 10T B R K
TR TR AR 1A M 45 5, 2)h [ L3P & A
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M BEAK, MR X F) T 52 T 8 X 23 i %
(FEHEE, 2008), BEUIZEH B XA T 5T R IX L
A M I 3PS &, bz XA
K SZPRR I FIVE FHEL /N o R A 2R FR N B (1) 38 Jn —
FCHERAE A PUFE RIS N, B NP R I
/NS LI NP AR AL EENATP & H I AE AL /),
FEHA K FEPRING PIRISCE A BON — 8, &
B /NS XS LB A DR 5T 1 77 43 B 5B (Sterner &
Elser, 2002). J&i35(2009)F H w5 1 A A AR < 1)
I 53 P H S0 R M AL T 550 1) G s v A3 DA A
(R oGk o (R, AR LT3R, /NHERRS LN R PR 1A
T RE 1A HAE 2 AR 5T TR R U A KR,
B A T pE A K S T .

AW TR B N R SR 2 R 4 R
iR AY I PRAIFE BE B — B A e . %R
PSR 2= MR N RS M R e K. BRI, AL
AP ENRMER SRR T2, BE. TERME
F AR B W B R s A (85, 2009), 5
TP TR PR 2 BRI R R G R H)
Wit 42 4 B o] 12 9% 43 1Y Koerselman P i (Koerselman
& Meuleman, 1996) H 1 7£ 7K A= K& fifi th AE 25 R G0
BTN, HHEASRGRA., PR
JRhpp R ) 2 e B — e R R, g —
PRk EAES RGP T RIRH—RAGE R Ktk
T FEY S N RS I S SR A W A 4 7R 43 R
BN EIE

WAHR R, AT, AR E S PR
R BN, I AR SRR ok R T A R [ e R
FEvb o b AR, ST E LRI R T R B
FEo AR, BT I VDA kR T B L TR oy
IR B R, ABEORIUETR 7386 b5 R TR 70 W BE N
Y R G R OB IRAS . R, AHF
FUH BTV B 77 9 FE AR 17 b Jo e ) S FofR
B, FE5> BT I PR A N RS e I 2 RT B A7 AE
—E BRI . A7 EEUR N SR AN B XS LN R
PENLER, 38Rk — D3R AT 77 0 S N S 58 R BGHIE

4 it

AW FURI, A VD REA LT AT/ 4R )L
R B AR AR AE ] B AN . 2 AN, PAL
R AR EFEECRIUAH, > Hyp > Hy, UL
B 55 52 L IRN BRI N ERXS LI AN PR
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o=

R

NPT ECR I 9 H . > Hy > Hp, RGN
X5 )LEE 5 5% 3P R o LA [ 200 I Ab 78 [N
/NS ) LR AT BN RS . R, ZENT &
BARKI VA I, HNJ s B0 ] D HEA /N0 J L
e NPT O LA, BEMTAE VD sk 52 A 300
B B O RR Vb M 3R A — S WO 7 o B2, (RIS AT e i
IR . AT, TN RS LA AR
N, Al A KRR W] RE 52 2 PROBR I, P AE VD b
P T R R R R IEP AR
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