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Response of herbaceous vegetation to phosphorus fertilizer in steppe desert
SU Jieqiong' > *, LI Xinrong' , FENG Li'*, HUI Rong'?, HUANG Lei'’

1 Shapotou Desert Experimental Research Station, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences
Lanzhou 730000, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract; In desert ecosystems, low soil moisture and high soil alkalinity decrease phosphorus (P) bioavailability, which
results in a scarcity of soil P. Low soil P availability limits plant growth, development and reproduction, and consequently P
is one of the most important limiting factors for vegetation growth and restoration in desert ecosystems. Furthermore,
productivity of most plant communities increases following nutrient addition, while species diversity shows different
responses to nutrient addition. Nevertheless, little attention has been directed towards identification and quantification of P
pools in water-limited desert ecosystems, and results of P fertilization experiments in non-arid regions are not applicable to
arid regions receiving <200 mm annual precipitation. The aim of this study was to understand the effects of artificial P
addition on the vegetation structure of herbage synusia and to offer a solid basis for long-term restoration and scientific
management of desert ecosystems. We selected the herbaceous vegetation in steppe desert on the southeastern margin of the
temperate Tengger Desert, northern China, as a case study and collected data through field surveys after artificial addition of
P fertilizer in spring. Phosphorus fertilizer was added in the first year, in which the annual precipitation was 271 mm (1.4
times the average annual precipitation). In the second year, no P was applied and the annual precipitation was 127 mm.

The species, number of individuals, height and coverage were recorded monthly. Using these data, we analyzed the
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response in species richness, abundance, coverage, biomass and the height of frequent species of the desert herbaceous
vegetation community to artificially amended P under ambient precipitation. Species richness and abundance decreased
gradually with increasing level of P fertilization in the first year, and both variables did not change significantly in response
to 12.5 and 25 g/m’ fertilization (P > 0.05) , but decreased significantly with 50 g/m’ fertilization treatment, compared
with the control (P < 0.05). Coverage and aboveground biomass increased gradually with the increase in P fertilization
level in the same year, and in the 50 g/m’ fertilization treatment the coverage and aboveground biomass increased by
47.59% and 360.49% , respectively, compared with the control (P < 0.05). In the second year, species richness,
abundance, coverage and aboveground biomass all showed no significant difference in the different fertilization treatments
compared with the control (P > 0.05). The plant community composition changed markedly following P addition, with
species number decreasing from 12 to 6 in the first year and to 5 in the second year. Addition of P decreased root biomass of
the herbaceous plants. Artemisia capillaris Thunb. , Cleistogenes songorica (Roshev. ) Ohwi, Allium polyrhizum Turcz. ex
Regel and Tragus berteronianus Schult. showed different responses in plant height to P addition under different water-
nutrient regimes. It is inferred that P addition is able to decrease species diversity and improve plant productivity of the
desert herbaceous vegetation community in a moist year, whereas low annual precipitation inhibits the residual effect of P
fertilizer in the subsequent drier year, which resulted in no significant effect on species diversity and population
productivity. Generally, our results indicate that water is the most important abiotic factor for the growth of the desert

herbaceous vegetation, and that water and nutrient are colimiting factors in the desert ecosystem.

Key Words: steppe desert; herbaceous vegetation; phosphorus fertilizer; species diversity; biomass
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(Artemisia capillaris Thunb) %'
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Table 1 Soil basic characteristics of experimental field

R KL% Particle size/ % 2R X gl AL LN AR Faxc}
Depth 1— 0.05— Total N Total P Total K SOM pH Volume water Bulk density
/em 0.05 mm  0.002 mm <0.002 mm  /(4/kg) /(g/kg) /(g/kg) /(g/kg) content/ % /(g/cm®)
0—5 82.04 15.4 0 0.50 0.83 25.0 4.3 7.25 9.6 1.42
5—15 73.4 26.5 0 0.41 0.88 25.0 4.2 7.64 8.1 1.26

T2007 2008 4F: 5—10 HZ H WM& WHES B 2 WM EE G M EA KRG R
FHSCENEBOGR SRR b b Mo RSB, D A IR SR B 25 R b b BT 3840 e A A% vy
MISCEGEE 76 75 C A& P HE 48 h JGARE
1.3 Hdnabi
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R 10 2 1) 22 5 W 3 MRS 0 SR FH B R R Ty 25 A ik A T
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2.1 BERYIFh Z ARV B R 0 0e 1

L1 AT AR 244 (2007 4F ) A5 B 7K 75 %8 BEAH HCAR B 9 b =F 5 B 3590k 0 | L A it A A ) 34
T, FEREGEE N, o 12,5 g/m® 25 g/m? A it IR AR E S X B A L 25 SRR B3 (P > 0.05) , 1 50
g/m’ (AL IR Wb 4= 5 B B AR T X (P < 0.05) , MEAE/S 4 2 4 (2008 4F) , & Bt ALAL T Rl 4= 5 B
XM ZERARE (P > 0.05) , MWAEFREIEMKE | MM Y4E 0 P Fh = & B I 56 2 a0y, o,
2007 AEYIFEON 12 FHREZ] 6 Fl 2008 40U M 6 FRFEE] 5 F

AL EE T B0 2 BEAR N AEBRE AR (a5 S5 WA 4= 5 BEAE — 2 (1 2) o BRIt AE 4 4F At A /=

http ; //www. ecologica. cn



96 S % KV

552 AR R IR I TS , ELVG RIS 265 2 47 BEE 2 B AR TG IS4 B4 4F 50 g/m?
F AT AR R RO 221 B IR T AT (P < 0.05) , FMEURIAE) T 5. 58% & T NI 45 2 47 [ A
T REV 2B (0 e X B L2 UM R B (P > 0.05)

14 - —— 20074F —&— 20084F 225

r —— 2007 4 —a— 20084F

w 12 F < 200 -
g 175 |
£ 10t £

2 § 150
8 8f 2 125 L
Q =]

2 6L £ 100
wn =)

" < 75F
w4 % 50 |
oot 25 b

0 ) ) ) ) 0 1 1 1 1
0 12.5 25 50

0 12.5 25 50

I 5
MifEKF Fertilization levels/(g/m?2) JitiAEAK S Fertilization levels/(g/m?)

B2 AREEEXFETHEEZENTN

Fig. 2 Changes of community abundance under different
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Fig. 1 Changes of species richness under different fertilization
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Fig.5 Height changes of frequent species under different fertilization levels
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%, B AT AL 2447 Rl 7K 73 A0 57 o3 JE BRI A 0 00 B, JE Rl ZREE T B, IR B A 1 50% ;5 IR, 50
g/m’ (R EAL B Wb 4= 5 BE RN 2 P Rt i 2

R2 DIESHIK 2007 ££5 2008 £ A EKE/mm
Table 2 The amount of monthly precipitation of shapotou area in 2007 and 2008

FA5y Year 1 2 3 4 5 6 7 8 9 10 11 12 43t Total
2007 1.7 1.7 18.2 9.6 17.0  71.5 31.0  30.7 67.9 21.9 0.0 0.0 271.2
2008 9.7 0.8 0.0 12.3 0.3 0.0 16.2 27.5 57.1 13.6 0.0 0.4 127.0

ARG T FEWE X B A YR o i R b AR R AR R AR A R SRR AR L, R AE 2 AF 55 B R M
AR A i YR A I KT A R TN, DR 50 g/ m’ fy i EAL R A5 2 B 2 S T AN X B (P <
0.05) , HHE R 7351} 47. 59% F1 360. 49% , = WH N T AN ite I il 25 2 358 va 7 158 DX 5 A A 400 1) oo 0 4= 7
JyteR 23 i A 2 AR AN 2 KO a5 R 1 3 A e A 28 L RN AS it I Y %o BE R B2 S 3R
BE(P>0.05), 358 bR A i AFBria) A9 A28 {8 345G AN TR] it A XY 47 1) 55 B 20 v TR I IS 56 2
AR, TE0,12.5 25 ¢/m* F1 50 g/m” BRGACALFE T i AE 24 4 4 35 B 43 0l 2 it A /= 26 2 4F 1% 7. 25,9. 53,9. 19
RS, 63 £i5, ikl LA AN 50 g/ m” (14 = AR AL B i A 244108 2 Tt IR IS 565 2 4, HAE A A 5 55 2 4F
[ 2. 8 i, HAR AL BE R AR BRI 25 S 380/ . 3= BN FERIE 447 AR K ok 271 mm, HAE AR GG X £
AEEIREK R 1.4 5 (£ 2) , BIITEK ST L OIS OC T, SMIE B 25 % i Jn v AR /o 7 8 X B A AR ) B4 ol
A7 01, TAERIAE I 5 2 4F AR RRK S AU A 24519 50% , RIZE T 509450y, /K 43 (R e 2 ] T 95 A 5%
SR, T LAFE R AR S5 565 2 A7 [R) A 2 8] 26 5 A 1 30 AR s (AR (LI AR B2 (P > 0.05) . el X FEACHE
PP EE A 7= 57 X6 AN [ K BB R A 8 i) 107 2 B, 78 300 B 403, 352 0 R B A PR, N T A U8 it o S sk ik
K B A AR SRR F 5 AE TR 4Ry, K A3 e Z BRI T %40 VR A, K I AT 2 BRAGIPE DR 7, S X R
AP FEE AL 7= AR B R] BB AL T A3 UE I T 7K 2 R i i X R AR 4 A R B SR T R AR, KA
B2 T e Bk E 2L Ca—P 256 17 AR LR RBEAR TAMER B = MY A b, Al
FIRFFE S AR, 50 &/ m® AR AL BRAG B T3 S BE X R AAE D I R R A 7 T

FEAME I b P B H RN Ca Mg 25618 BB AR L , JLAE 138 b 03 sh e 22 WA Rt o e ik
Rt ZEBEZR AT MRS X 438 b M AR 2R %) - ST APl Py i 7 3R 300 4y R e L P 48 87 Rl R R AR TR
TP MMEARKMZ HARRIE A ARBR T+ BEREG SR A L & i 3 2 5 il is SEIR iR
IR TR R AR R YL B3 0 > i 2 - e Bl I IS, 2R R N B S B IR R 2 R AR
A AR e KR R AR AR IRFE T AT A 45 SRARIE S0 — 2598, JEI8 e TRAR A JE TR AR, 76 it AR
555 2 A I 5 Hh AR B A it A %) A B T A0 A e AR T A it A ) %o B

Tt V8 DX A ST AR A 40 gy A RO N Tt il 25 g e 107 2 BT 6 1 A s A0, iR 3 AR SR TE e e
F AR AR P BAEAN [F] K NERE G AT R ZE T AR W I K Tt IE S 56 2 4R, 502 R R it I >4
AEKREFEAE |1 AFAE I 2 4R AR REAAR Y 25 50 70 A R A R0 B IRV AE K 3l o 328 1 5 ARG =251 K 8, 5
P AETE 23 0], BRICE 22 16 BRI IR, M B RTE Z  FpJ5 , n] L 7K B T AL I L, Sie e IX B AR A )
FELSLOGTEGOR MR A T AER D AN, AR )ZE F L3P A S [F] 2K R A i 7 (1 22 5
Al R 5 T8 X AR YA B [ AR W2 A R A G
4 it

(1) SN2 AN 23 T BOTE X RE AR YR E VR WD 3 5 B TN 22 B A BRI, 7 KONE 78 2 A9 4145, B it A
AR Bt B R N KO (R B e, LR I A, 2R BT 2R AN 2 AT VB X AR W B I8 (R R R

(2) Fre i X R A A W A o B b 350 A e e K I 7 J %) AT 003 it 5 A/ VL 22 G i 7K S A 2 s g 44
50 g/m’ I HEALFE R 5 B E T AR AR IR (P < 0.05) , 2 WA & 096 I 23 52 5 e 7 X B A R 1Y)
FR#EAE 7,

http ; //www. ecologica. cn



14 B A R AT R AR A T e 2R A 99

(3) 7e T T4y RITEAL S 26 2 47 AN Rl K T e 58 X RE A AL A v 0 22 B AR 2R )7 0 A
Xt REAH HE22 R AN 35 (P > 0.05) 3R/ M B Bk = S A B AE SR8 A

(4) T X FEAAB MO0 ol g A RO SN BN B8 2% 040 ) 157 A7 76 o 1) 22 ¢, 3R] BE -5 W b ) 2R )~ e PR 1Y
ZESFFAH K,

(5) K BEABG SEAT I T e X B AR 09 A 1, LA Bl 488 o T 1 X R A AR T RO R 2B T
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