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Abstract ; Plant growth und species compositions are affected by the =oil properties in semiarid grassland.
Therefore studying the relationships between plant distributions and soil nutrient characteristics are
important to understand the spatial patterns and process of plants in ecosystems of semiarid grassland. In
this paper we use soil nutrient field analysis {SNFA )Ymethed to study the relations ol plant overground
hiomass { POBYand summed dominance ratio{SDR )with 13 soil factors.i. e. yorganic matcrials,total N.total
P.total K, 1otal Na.total Ca.total Mg, total alkalinity (C0OZ  + [0 ), soluble salts Ky and Na™
contents .also soil pH and moisture ,respectivelv.in Zhaozhou Grassland Experiment Station(124747 ~124°
50'E.45°46' ~15°48°N).one parts of the Songnen alkaline grassland of the Northeast China.

On June of 1995 .according to the speties compositions and growth status .13 types were selected {rom
the site of alkali patches where has no plants growing to the site of grassplots where has the abundant
plant species. We sampled 3 quadrates in each type (toral 75 guadrates) and measured plant height,cover
degrees . densities . overground biomass at each guadrates for each types. We aixo selected § soil samples
from 0~ 10ctn below ground at each quadrates. Every 5 guadrate data were calculated 10 be represented as
means for each types. The 13 soil factars were analyzed by principal component analysis (PCA ). the first
principal component as soil nutrients is X-axis.and the relative overground biomass or SDR .reflecting the
effeiency of soil nutrient field (SNF) .1s Y-axis . respectively. Based on the plant importance in the Songnen
alkaline grassland,all 32 plam species were classified imo 4 plant groups.i. e. . Aneurolepedium chinense.
Puccenellia tenuiflora. Suaeda spp. (including 3 Seepweed species and 1 sagebrush species),and "ather”

Cincluding 26 plant species),and the soil nutrient fields (SNF)of this 4 groups were calculated by the
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methods of Yan et al'Y . For comparing the differences amang the 4 groups. we uxed 1 variables. SNF
center paints, SNE breadths . SNF volumes.and SNF overlaps,all of which were the relative values.ia do
analvsis in the rescarch. SNF center point is the relative positions of coordinates, SNF breadth is the
hreadth of one group 1o total breadth rativs JSNF veolume is the volume of one group 1o total volume ratios.
and SNF overlap is the ratio of one group overlap o total overlap.respectively, The total SNF breadih is
total length of X-axis.and was calculated by PCA using 13 soil factors from 15 types. The total SNF
volume 15 the integratian values of total SNE breadth when the functions /() of SNE is at the maximum
efficiency of the SNF.i, e. .the product of maximum effciency and total SNF hreadth at data analvsis.

Both POR and SDR have the similar results 1o express the plant efficiencies of SNF in {1 groups. The
results show that the functions of SNF of Suaeda spp.  P. tenuiflare and A. chinense are all single- peak
curves,which indicate that there are the optimal soil nutrient condition at the field in Songnen grassand.
The optimal position at X-axis is the SNF center point,and also the same of the corresponding value to the
single-peak curve at X-axis. The plant growth and distributions were limited heavily away from this
optimal soil nutrient posiion on the curves due to poor soil conditions and plant interspecific comperitions,
Such as Suaeda spp.P. tenuiflora and A. rhinense,they are mainly restricted by soil nutrients in right side
of curves.and hy interspecific competitions in left side of curves at X-axis.

When the efficiencies of SNF is characterized by POB.the maximum breadth of SNF is A. chtnense.
while 12, tenui flora close to 11.but hoth breadths of them are broader than that of bath “other™ and Suageda
spp. » This means that A. ckinense.and P. tenwiflora have a adaptability of sail candition in a larger renges.
As to the volume of SNF,“other” is the largest one. . tenui flora is Little lower to “other” and closed 1o A.
chinense the smallest one is Suaedu spp. Although bath P. tenuiflora and A. chinense have larger breadihs
of SNF, their efficiencies are lower, namely they huve smaller POR. thus they have smaller valumes of
SNF.

The overlap of SNF is an important variable to discuss plant interspecific relations in plant ecology.
Among the 4 groups.,the overlaps of SNF . P. tenuiflora- A. chinense and A. cinense-"other”,are larger than
that of Swuaeda spp. -P. tenuiflora and P. tenuiflora-" other”. which show some similaruy on the soil
nutricnt utilization between each of them. The variable of relative overlap indicate that this similarity on
soil nutrients can impacted plant competitions for each species.e. g. «the overlap of SNF of Nwaeda shp. -£.
tenuifiora is 0. 008.11s relative overlap of SNF to Suaeda spp.is 0. 178.and 0. 054 10 the species of P.
tenut flora «which display the overlaps of SNF of Suaede spp. -P. tenui flora influenced POB more on Suweda
spp. than that of P. renueflora. However. this interactions also appcared among the 3 overlaps of P.
tenuiflora-A. chinense, P. tenuiflora-* other ", A, chinense-* other ", These results derived Irom plant
competitions {or soil resources dur 1o the size of overlups of SNF reflecting the status of competitions in
plants.all the species are co existence in site at this stage after SNF differentiation for a long time.

We used 5 soil factors,organic materials . total N,soluble salt contents.total alkalinity .Na * .and u=ed
the first principal components ralculated {rom 13 soil factors ta do soil nutriem field analysis.the resulis
are differences. In using soluble salt contents to du SNFA ,the breadth and valume of SNF of 2. renus flora
increased larger and ohviously . Suaeda spp. has some added. A, chinense and “other”™ decrcased their
breadihs and volumes. These demonstirated that F. tenuiflora can talerate higher salt concentrations in
wider scopes than other species.and also has a stronger competitive ability in this soill canditions in
Songnen alkaline grassland.,

The SNE of total alkalinuy and Na' contenis to the 4 groups show that there 1n farger space of

rients figuring in X-axis.«in which has not ysed by Blant species. Therefare.it can be concluded that both
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total alkalinity and Na™ contents are the main factors to impact plant growth in alkali patch soil. For
organic materials. the group of “other™ has a more ahility to usc it. P. tenuiflora and Swaeda spp. are
abviausly weaker in nutrient compctitions. The data alsa show that £, tenwiflora has greater competition to
usc total nitrogen.and A. chinenye is lower.

From all ahove results.the SNF calculated by 5 sotl faciars. 1. e. s organie matenials.total N, soluble
salt contents,total alkalinity.and Na~ contents are different from the SNF caiculated by the first principal
components. This means there is no one soil factors which can econtrol plant growth in anv SNF. The
spatial pattern and growth of plants in Songnen alkaline grassland are resulted by integration of 3 soil
factors. which reflected two important specialiies;one is the contents and compasitions of salts.and the
other is soil nutrient conditions,

Key words :alkaline grassland;soil nutrient field ;distribution pattern of plant population;soil nutrition
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Table 1 Soil nutriemt field analysis by 13 charactiers stand soil puirition

w S
B R ¥ : BREHE ¥ A
L -, Hin &% B H it
Srted Puccine- Anerro- Oth Suaeda Puccing Aneuro- Oh
& 17, er ed: . or
B “IECL Hia tenuiflora leprelinum chinense " llia tenuiflora lepidium chinense -
+IRE RGPS
Center poitot af sol (2 336 0. 108§ - 0. 138 — 0,452 0. 336 (3, 104 — 0 138 —~ 0, 452
nutrient field
TREHEMEE
Breadih of acul Q. 248 0, 547 3. 580 (. 372 0. 287 0. B47 t), 581 . 451
nutrient feld
TRERGHEE
Volume of sou 0047 N, 187 [}, 149 n. 182 1. 1NAY . 233 0, 234 {;, 197

nuttient field
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E[Fl. W are the calculated resulis by relative overground biomass scrving as soil nutriment field eflicicncy; S are the

caleulated recults by summed dominance ratio serving s soil nutriment {ield cfficiency s following table 15 the same
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Table 2 Overlap of soil nutrient [ield by 13 charucters stand soil nutrition

%+ IWE T ES Absolute overlap of sol nutment ficld

Wi BER BEE-¥H BEE-Hit VB i

Suaeda-1*. tem floru JE’ renwr flora- A. chinense P, tenui flora-{her A chinense-Other
W 0. 00R 0,085 0. 008 - 0. 05 ]
& . 021 0. 104 0,030 n. Noeg

M LEEE SR Ef Kelauve overlap of soil nutrniem lield o

o % EERR E H itk
S:{t_{f?da P, tenna flora _ A, chinense tJther

ERH CF ¥ Hit BRI H B & Y&

P. tenuifiora SNuarda A. chinense Uther P. tean:flora Other P'.ootenuiflora A dhinense
W 0178 0. 054 0. 330 0. 047 0. 328 0. 303 0. 011 0. 281
S 0. 298 0. 088 {i. 448 0,131 0, 147 0. 422 0,179 {). 50}
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Soil nutrient field analysis by § characters stand
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Fig. 2 Fig. 3  Soil
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nutrient field analysis by 5 characters stand

soil nutrition
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Table 3 Soil nutrient field analysis by 9 characters stand soil nutrition

W S
) EEH s
s ZET O OFF b mw it
P. tenui- A, chin- P ternus- A. chmn-
Suveda (Other  Swaeda {Mther
floru Er15e Flora Erzse
F ll. l‘“ﬁ ‘:
HREFNF L Conter 5 oo 4108 —0.138 —0.451 0.338 0. 108 —C. 138  —0.451
point of soil nutrient field
+ A R . . 0. 262 (. 547 0. 594 0.367  0.281 0. 643 0. 582 0. 453
Breadth of soil nuoinem l[eld
LWEFCER 0046 0.17) 0. 170 0.178 0.060 0,234 0. 235 0. 155
Vealume of 01l nutrient {ield
4 MUsHEFRELIRERHTIMEFESH
Table 4 Soil nuirient field analysis by § characters stand soil nutrition
W 5
o R -Y-¥ 10
wy TEF O OFF O oan g LT
- P tenu:- A, chin ) P. tenur- A chin-
Suaeda (Jither Suaedu i (Jther
flara ENIE flora rase
, V. ‘1‘5 - -
LERL L Conter g —0.155 - 0.439 0.345 0. 123 —0.135  —0.439
point of scil nutrient field
LIERFLEE 0.248  0.563 0. 502 0.345  0.277 0. 877 0. 818 O B
Breadth of =01l nutrient field
L WE IR 0.048 0. 171 0.181  0.155 0.064  0.239 0.242  0.17

Volume of soil nutnent field
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Table § Overlap of seil nutrient field by 9 characters stand soil nuirition

#4F  E 5 B Absolute overlap of sai1l nutment field

RERET RRE-28 REH K i

Suaeda-£. tenuiflora it tenuiflora- A\, chinense P. tenuiflora Other A. chinense-(Other

0. (G N. ORE 3. GO8 0. 051

S (. 020 . 104 (3. 034 (9K

4T+ A FEALER Relative overlap of soil nutrient [ield

" 3 ] HEER - Hie

Suaeda . tenuitiora A- chinense (Jther
EREHE W% FHE Hih EEm H fih PREE EH

P, tenuiflora  Swaeda A. chinense {ther P. tenutflora (ther P. tenmurflora . chinense

W 0,197 G. 055 0. 240 0. 047 0. 342 0. 302 0. 045 0. 289
= 0, 295 0, 087 0. 447 0. 146 0. 445 n.419 N. 175 0. 503

o HMiFEFRELINERNNINAETRCES

Table & Overlap of seil nutrient field by 5 characters stand soil nutrition

# 0 L E R HEE Absolute overlap of soil nutrient ficld

mE-EEHE ERQ (&1 BEEE- -Hfh ¥ H-H i
Suaeda P. tenuiflora P. tenusflora-A. chinease P. temur flora-Uhher A. chinense-Other
0,009 0. 069 0. 010 0. 049
o 0. 021 118 O, 031 (0. 087
M4+ WEF{Oi EH/ Relative overlap of soil nutrient ficld
X EE R ER Hith
Suaeda P. tenuiflova AL chinerse (ther
T T o wi  RER e BES T
P. tenuiflora Suaeda A. chinense (Other P. tenuiflorg Other P. tenw flora A. chinense
W 0,187 0. 052 0. 405 0. 061 0.385  0.274 0. 067 0. 318
5 N, 332 1. OEE6 (3. 482 3, 130 476 Q. 358 (3. 187 0. 1086

MATE A HITWHIRERG P (E O SMEDT SES L HE RN S 13 migs A LI
BHRMEHNGEREBRAER. 0K LBERCHENIIEERE TR DHATHRENURA. L4
HHMtRERCEENTIRAFEMATNHEHRE T RENTRHERCEE L RS FOARE K
KMV E MIENEM "N REFOEEM I NS FVERNEG DT, IRVAEEEE T HTHELE
B rFERMAENEE . LR EN T BOUBRENEN . BERFHFERHMA"ATENERES .
AN ER 1S SRR E LR ERFA T LA TSN EA DR LIRE AN AR F - BEFRARAHIE
ful ¥ ¥y ) T L 3 (0 R A0 iy 0 o M - o B R S T FE AR I R A A BN (B 4 . 53X - B g3 TR
b XMEFER NRMNATREABAESE BAIMEELRTUAAL KAYN . X Hit
o] LA HENT . IR AL AR ARREEDERRFENNE.

RN A NN T AT RARRRREK,
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Table 7 Seoil notrient field analysis by soluble salt content

|

I 1

[T

w 3
EER 43 EER F g
F ¥ i M%)
_ P. tenwa- A, chin- . £’ renu:- A, chia-
Suaeda (Ither  Sunaedu
finrag erse Slara erse
. . r4. - C -
L IBEF AL L gL Cenver 0. 467 0. 033 —~0.192 0.388 0.487 0,033 — 0,102
point of sotl nutrient ficid
. 1 r 5
taﬁﬁﬁﬁ§ _ 0.442  u. 714 0. 438 0,244 0,479 0. 793 0. 148
Breadth of soil nutrient field
T RE R g, G079 g. 241 0, 144 0. 475 0. 104 (. 321 0. 187

Volume of soil nutnient lield

- PR T REMER N SRAFEN LRER

OSSN TSR (A ME S REITR 1.4 gEm-M , -
}sk%ﬂ!&ﬁﬁﬁ#fi&%ﬁfﬁ%i&ﬁﬁﬁ%iﬁ,k E :g cr A_chimg P renuiffora %
BHESAEN T 13 FERCE RS BT 3 40l Sugeda
507 I 00 BRI N B R A géﬁ‘;“ e
B L E R R B R R E AL T g -0.672 0 1.062
i Na A R AL BEET PR AR RE £ M R R K gﬁlgg M xw  pen
SEZAE 3 E% oL e o gy
BROURBRIC MY E G ERERE 2 40 . Sugeds
W0 BE % 1 56 40 A 725 o T 40 B B IA R % LR 7L S EE Nl N SN
" . T e e 0.672 0 1.062
HATEANEFNEL LS. ¢ B TR AR
B EER EH. 2T RBRRAAIBESHEMERN T IH Solubic salt content of soil (standardized data)

. METE B0 5 B R 43 (A HE A R R T AR
SRR ARSI ESEE RRKNE. B W2 R AT ) R R A S A
B A 0 Na© & BALG BT (COS MHCO a2 7%

4 Sml nutrient field analysis hy scluble =alt

) content
FORMEREREKX.
F8 ABEEAEsHNLIMERCER
Table 8 Overlap of soil nutrient field hy soluble salt content
#axt + 3 {7 TG Absolute overlap of soil nuirient field
Mt ERW BEE -5 EEB HA FH R4
Suueda I’. tenu flora I tenutflora A. chinense P. tenuiflara-(her A. chinense-Other o
W 0. 024 0. 061 G, 10 i, 038
o) G, 349 0. 098 0, 027 0, 067
5+ S F5 {7 B & Relative averlap of scil nuirient field
W RR# | ¥y B
Nuaedua I tenwi flora A. chinense (Jiher
FE & E iu e ERR A RES FT
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Tahle 9 Soil nutrient field analysis by total alkalinity
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Table 11 Overlap of soil nutrient field by total alkalinity
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Table 12 Overlap of soil nutrient field by Na~ content
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Table 13 5Soil nutrient field analysis hy organic content
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‘Table 14 Soil nutrient field analysis by N content
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Table 15 Overlap of soil nutrient field by organic conient
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