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the extent of alkalization of Song-Nen grassland has been enlarged and the vegetation has been degraded seriously. The area
of preponderant grass Leymus chinense (L. chinense) also reduced, the height of grass and the extent of closed canopy of
grassland decreased, and the alkali spot with very little grass occurred in the grassland. Puccinellia tenuiflora ( P.
tenuiflora) could grow in alkalized soil after artificial planting, and ameliorate the alkalized soil. Then L. chinense and
other plants intruded into the alkalized spot where P. tenuiflora had been grown for certain years, making the plant
population no longer the singularity population of P. tenuiflora. The mechanism about the vegetation of L. chinense
succeeding in recovery was not only due to the improvement of physical or chemical property of the soil, but also due to the
anthropogenic nitrogen deposition, which could cause vegetation-type conversion. But the mechanisms of vegetation
succession were not very clear. As to the cause of vegetation succession, there were many hypotheses, such as frequent fire
and grazing, but nitrogen deposition had only recently been considered.

There were two aims of this study on the growth of P. tenuiflora. The first was to reveal that how the P. tenuiflora
could meliorate the salt-alkali soil, the second was to quantify the changes of niche after the vegetation succession from P.
tenuiflora to other kinds of plants. Niches of various plants in Song-Nen alkaline grassland were calculated. Comparing with
the controlled alkali spot soil, all the evidences from the experiment indicated that P. tenuiflora improved the nitrogen
nutrition status of salt-alkali soil. There were smaller value of niche separation and bigger value of niche overlap between P.
tenuiflora and L. chinense in one dimension niche space (N content of soil) than those among other species, which
indicated that L. chinense had stronger competition ability on soil with high nitrogen content. These appear to be the
mechanism of L. chinense and other plants intruding into the alkalized spot in which P. tenuiflora has grown for certain
years. As the pioneer plant of meliorating alkalized soil and vegetation restoration, the growth of P. tenuiflora could improve
the nitrogen mineralization and nitrogen fixation in salt-alkali grassland, and decrease the nitrogen loss with water run-off.
Finally, the nitrogen deposition in salt-alkali grassland was improved to the level that other plants (such as L. chinense)
could grow normally, and the vegetation in alkali spot was restored.

Key Words: Puccinellia tenuiflora; salt-alkali soil; nitrogen accumulation; soil enzyme activity; niche; vegetation

succession
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BB T IZEEILES, BABCE A TS, B BN AR S 124°47' ~124°50' L4 45°46" ~45°48
B3R 140 m, X B FIRH KRGS, WE50, LK BE, ERRBHEBFERE. FFHREAN3.6C,1
AHm T B ESBAHA -19.3CH 22.9C, 24F =10CHIR N 2800°C , LFEHFH 143 d, 24 HR
BEE 2900 h, FFHRETNE K 434.5 mm, FEEFLE 6 ~9 A, HAFEHEN 69% . FFHEEERN
1800.0 mm, L) 4 ~7 AHEK, TIREN 1.2, KETH. HEXBNHITHIAEM L, 5 pH 5 10.61 +
0.11, 4488 5 0.99% £0.05% ,CO>™ &8 % (2.16 +0.47)me (100g™") +,HCO; & BN (11.92 £1.91)
me (100g™") + ,Na* &8 %(14.55 +0.23)me (100g™") +,
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+,25 °C,10 d) ™7, 2 AW P A9 T 5 P B =R He a3k (Gly, mg/g +,30 °C,24 h) ™| IR 5 B9 5
Hoffmann 3k (NH,-N, mg/100g +,37 °C,24 h)'™™! R4 ER % JR B (NR) 75 H: B 0 52 I B —FE R bb 2 3k
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4a.5a ) HIEL A S B SRR EF BE(F=4.84>F, ,.05) ,[BREEEA KA FELEH LIE2EAS
BEEAZR  JIFE—EKF, BB TEERENAEK, HRLASENMI—EKFE, LTS5 FE
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Fig. 1 Total nitrogen content of alkalized soil of which P. tenuiflora had Fig. 2 Alkali-soluble N content in alkalized soil of which P. tenuiflora

grown for different years ( The data is means of five experiment,n =5) had grown for different years
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Fig. 3 Ammonification intensity of alkalized soil of which P. tenuiflora Fig. 4 Nitrogen fixation intensity of alkalized soil of which P. tenuiflora

had grown for different years had grown for different years
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P AR Sa~tE K da > AR Sa~ R 2a~RIERHML(F =24.80 > F 50 ,0.05) o MABEREAER—EFHE,
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>HK da> K 3a~ K 2a~ BB M(F =9.82 > F4,20,0.05) o WHRBEA K —EFEHS T IETVHIREIR
P I

0.4

<
w

Nitrate neductase activity
<
[\%)

NRiFEME(mg NO;-g ™! soil)

@

B5 EEEARAFRFYUREREL K NR S

10 a

a T

1

oo
T
=y

C

aatilll| Ml

Nitrite reductase activity

NiRjE#E (mg NO; g™ soil)

Alkali spot 2 3 4 5 Alkali spot 2 3 4 5
£ Y f h of Ptenuiflor
AKAEH Years of growth of Prenuiflora (a) BEKAPHL Yoars of growth of Prenuiflora (a)

Bo6 EEEARARFHUSHM A NR FHE
Fig. 6 Nitrite reductase activity of alkalized soil of which P. tenuiflora

Fig. 5 Nitrate reductase activity of alkalized soil of which P. tenuiflora

had grown for different years

had grown for different years
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BEREEAISME FAERKAFFEYE DEEABEESER TR (K 8) , FEANERERY L ER
A ROR RIAEEO Eh0 T S8 F TS M B NP O A K Ba~ 4K Sa~ 4K da= B K 2a~ BiBREAR
(F=5.83>F,,005)0 UiEA B B B AE K — A HUE M I AERE MEgR

4000 - ) 6
_ T a 7 T
= a 3 L
2 3000 i 1 o be 6$> 2
g EZ 4l I
z & S .z c
=5 2000 | 2 3 T
- £ 2
#HPo e E 2L
fras 1000 &
&8 £ o 4L
& ¢ ﬁ o
1
Alkali spot 2 3 4 5 0 )
HRKAEHL Years of growth of Peenuiflora (a) Alkali spot 2 3 4 >
¢ - HKAEH Years of growth of Prenuiflora (a)
7 5] y
M7 BERERARFRRARL T MR B8 EBEREAKAREHUSIHE LT TREQREEE

Fig. 7 U tivity of alkalized soil of which P. j had
'8 rease activity o 126C 801 0F wine tenuiflora had grown Fig. 8 Proteinase activity of alkalized soil of which P. tenuiflora had

for different years
v grown for different years

3 i

TR - E A T2 B B ORI, Bk, TP REBEEFNRBEEEHBEK RE
Y1 BRI ME R A Y E RIS . HERRERNAKELR I EAIRENEE RS &N, A
YR PTG I T 135 C i, IR0 BB B IR SR & 3R Wia 1 AR BEA DL 1k , AT 3G n 3850
PRI ™ s TAPLES HREA R BB SRR H B R E RS IR N RS FRAE
YR AR AT S H IR S A MR R BRI, M EBERAE KIS T RRMHER
WHBIR. XTREEEEARKG HEMARSE (B 2)HNKERZ —, B B TEREREK, HH
B A A M (A 8) L ISR ELERE (B 3) AR R BT (B 5) 3R, I* i\ T Hhm LA LAWY
FHARURRRRN IR, XTREEEEAKE HEBAASE(B2) MM —EERHE, -
BREANREBELE NEEN T EPEYEREN, XHERXER TESAR  BOARMEFEEEL,
BREEAK )G, HEEFABRE (B 4NN XUEAEEEEAKE T EMAEASE(E ) HMWEERER,
ZHUTEEARA SR (B 2)EEREEKSE 4 FERM, MHELEASE(E 1) A TR, EZREET
R TEHRM T EP AR TR NA R, MK A ERERTRENTHAHARBEATEERE
HERTRE, PDEEERNA KA RARTHSITERR

HHETR AR RN AE N ZRB R, R BBUES R R 8 A TR AR, I
R EARIRE 23 LR R RN B R R AR R A B AR B R 2 R R BEE
T RER K , 35 R I B B A BT B AR M I 0 R TR B3 Y I YRR B R v >
T3 S, A =2 70 U8 30 R B & B BR AR L R AP, B & R R s i BBV R 2K (Urtica dioica , Chamaeneerion
angustifolium , Rubus idaeus 1 Oxalis acetosella) 3R ERMCY  AXHESEREN A ARYMHNEERS
REBZHGFEAFMHEXXLR(ED), XERRFTEMENBRERARE L d W EE RN

%fﬁﬂ [31,35,36] .
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£1 FTREYHEEENTERASBREHNEAXXR
Table 1 Relationship between the importance value of different plant species and nitrogen content of soil
A4 Plant species #i% 72 Dependent equation FIX BB (R) Correlation coefficient
Suaeda glauca Y= -151 +3041X - 12385. 29X> 0.8893
P. tenuiflora Y= -172 +2281. 27X - 5496. 20X? 0.8568 **
Leymus chinense Y= -195.21 +1639X —2648. 81 X2 0.8581 "
Carex sp. Y =27.79 - 109. 09X +306. 87X> 0.5001
Potentilla sp. Y= -55.45+219. 87X 0.9611 **
HEAEY) Other plants Y= -102.27 +400. 11X 0.8573*°

& &

e P <0.01 KEAERAXREFE means the relationship is significant at the level of P <0.01

FERE , L EIRR T RS M AR E R SR AS RARBEL Y, BRSBTS LS
i ESHEER LIRS, ERICEMYBE LY R S s RN SR ESREY . L%
AR R EA AR RN E RN ESEES LR RN RS R B A ERE
FHRXR(E9) ,BAEHRFREXNDRBE MR AR EE LESEm RS R E MRS
Mo EEME T A FEDYFHEA ARN—4 (N) ESMREEE(E 10) , £—2EA T HRER SRR
WP EERFEYYMAN HRRR RN LER, A—FETNER(HEREE) EEE(P.
tenuiflora) T 5 (Leymus chinense) Z B} B BN LSO 0 BE (7 2) MKW ASMESRE(K3) , KU
FEXNTEATRERAEBRNESR, RUEBFRFREURIMEYAERERE R —EFBRREBR
AR

1.8~ Other plants ’

1.6
—~ L e Potentilla sp.
g4 . ¥ L9961 - 83658+ 879447 -
g l2r . R2=0.9516, P < 0.0001 Cores sp. ’
§ 1.0 |
= 08 |- A.chinense b
=06
w Ptenuiflora
ﬁg 04 - el I
ko

02 Suaeda glauca |-I

0=

| | | | | 1 1 1 1 1 I
0 o1 02 03 04 0.5 0 0002 0004 0006 0008 0010 0012
H A58 E Niche width

%, & & Nitrogen content (%)

B 10 ARESHN—EEDNEEE(LENSE)
Fig. 10

B9 TRASENESEMMOMHLRE

The value of niche width of different plant species in one
Fig. 9 Relationship between nitrogen content and salt content of soil P P

dimension (N content of soil)

£2 FREYHE-LESEZEA(IRSAR) WESESEE(%)

Table 2 The value of niche separation of different plant species in one dimension niche space (N content of soil) (% )

ﬁ:?tti;;fcies Suaeda glauca P. tenuiflora Leymus chinense Carex sp. Potentilla sp. O%ljfiﬁl:?ts
Suaeda glauca 0

P. tenuiflora 0.24917 0

Leymus chinense 0.23908 0. 166589 0

Carex sp. 0.58302 0. 020727 0.251784 0

Potentilla sp. 0.123776 0. 060197 0.271827 0. 134606 0

HE Y Other plants 0.329509 0.248940 0. 426960 0.287440 0.241752 0
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£33 FRAEGHE—RESESH(LRGAR) NESHEERE

Table3 The value of niche overlap of different plant species in one dimension niche space (N content of soil) (% )

ﬁ:?tti;;fcies Suaeda glauca P. tenuiflora Leymus chinense Carex sp. Potentilla sp. O%ljfiﬁl:?ts
Suaeda glauca 1.000000

P. tenuiflora 0.058366 1. 000000

Leymus chinense 0.000000 0.374345 1. 000000

Carex sp. 0. 000000 0. 088559 0.265843 1. 000000

Potentilla sp. 0. 000000 0.037917 0.259615 0. 780226 1..000000

HE Y Other plants 0. 000000 0. 109329 0. 305800 0.513939 0.521233 1.000000

Lr BRTR, B B EAR N R R AV SRR e B Y, B AR KR T B T R R R E R
AR A YIE REB RIS T REMEHFERROTR . RAEHE TEMEHHRRIR, B TESTH
EYR(INFEE) = RE K, AT IEE gefs AWK R »
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