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Seasonal dynamics of soil nutrition field for plants in Songnen alkaline grassland
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Abstract: Plant biomass and soil nutrition both directly influence Soil Nutrition Field (SNF), and change with season.
Therefore the SNF can be used to detect the relationship between plant distribution and soil nutrition. According to the
characteristics of Songnen alkaline grassland, eighteen soil factors were surveyed to evaluate soil nutrition status with
principal component analysis. Seasonal dynamics of the SNF were calculated for several common species in terms of relative
aboveground biomass as SNF efficiency.

As the season changing, the SNF center of the species with high tolerance to saline-alkaline soil, such as Suaeda salsa
L., moved toward the serious alkalization side, and the volume of the SNF became larger as the widening of the SNF
breadth. For Chloris virgata and Aneurolepidium chinense, the center and the volume of the SNF both reached the peaks in
July. The SNF efficiency index peak of C. wvirgata was significantly higher than that in other months, because its SNF
volume was largest in July in the whole growing season. For A. chinense, the SNF breadth was wider and the efficiency
index peak of the SNF was higher, which caused the largest volume of the SNF in July. The SNF centers of the other weak

saline-alkaline tolerant species moved to lighter alkalization side, and the largest volumes of the SNF were occurred in
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August since the efficiency index peak of the SNF was notably higher than that in other months, even though the SNF
breadth was the narrowest at the time. Moreover, the SNF overlaps of the plant populations also behaved differently along

seasons in Songnen alkaline grassland.
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b, e HEE AR BT ™ o K OMRIL ERIMIRTE LA BRI R 45 - 398 55 2 e R A B R 2 b 4% A 0 o
S FEIRE T . FEMETH TAES B 2T A A K A1 ) R 4R A, L ERG ik ie i
A SR AR T I IR A BOMES: BT T A BBCER TR i T gy A B R AR P P S
X WA R R B A A P B ) 39 SR AR AT T iR o

PA TR TR 3, 3R 7K 40 ER SRR AE AR BEZR T R T A 35 R Ak, 52 5 i & A ) 1 A IR L 3R
BB MZET A, F AR ENLZENEME . MEYH HRESFROE, —J7 LK R 2=
BB FRBUE , 55— EAEY) AR YR B AR A e I E SR AR S, R T B b AR R 1R
FALKR I B B AW A, MR T LRE AR . A SCIERTI TAERERY b, WAZAR WEh iR A
HAEYI R LB SR B, BT R MY AR LIEE AL, DI RA (2 E T E
PBCER B B 3 A b AL ) 7E A B R i R P VR S L, HE T8 P R B 3t ) AR SR A
1 HREH=E
1.1 W5 XA

SEE AT R e LA R R(BRP5 h R B IR BRI PG 4E , JU 4 45°53'—47°8" , FR 4 123°45'—124°42" 71
TR 152 m, M FCP3H A T AR R PE AR, & IR KRG S, A5 F 2SR 3. 6—4. 4°C, B AR AR IR
2850—2920°C , -V Hy K & 400—600 mm, FEAE R F 7—8 Ay, 78 K &N 1600 mm, £ ZFEWE K 3 15,
TIELZ PR IR TR A £
1.2 BN v

2007 4£ 5—9 A4 H MAIBUE, WA EAEY)H B RIS EBRMEY R LR ZBEF FER 15
ANREIEHD , TR R P EE 5 1> 50 em x50 em FIREDT , BT NTHINAE Y ROFRN2E , W 3t B3R,
WT S FREEAEY AR . R, R I BEALEE 5 M SURSE 0—10 em +3%, 57 IR G, AT
JE AT ASEIERT . 5 AMREIT TN SE R BCE B EE R — B B
1.3 TI3EIEAR I E

AR PR E RS ; B8 AR AR Il s 285k H HCIO,-H, S0, %5 ; B0 R A NaHCO, BE-4R 8641
Uk s 2 PR I HF-HCIO, T8 205 AR FI NH, OAC- KB EEYE s A LR R IR A B 1 (S A
) s BKESR M TARE B pH ER A A1 3 &3 BOR A S35 Na " A K R A KB B Ca®
Mg™ * SR FHJEF I M0 s CLU AN SO; ™ SRATES F ik ;s HCO, 1 CO;™ SRATHL AL E s BB F R E R R
BRI  3C PSR F NH, OAC-NH, OH- KM BE L o EABREE g HCO, 5 COT™ & B2 M, LR
A 5 B B AR R A
1.4 THEFARTHU

SIRRTSC AN b b A R O A SR A AR RETE AR, 38 I R AR A AT v SR AT +
BEFRALT, TR A TIEE AN B (HIRE A PO R  HRE SRR DIEE SRR X HIEE
FAES L AN TIREFRAER) o AT 20T, AR IR IRCRE O AE ) B TS SR8 RE 7 LA Bk 2k 8 5 b 24 R 19
BB AN 0 983E (Suaeda) ” | [ R ( Chloris virgata) 2F- 5 ( Aneurolepidium chinense) F11“ HAth”
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W) o HoA“ 8% A IEIGE R (Suaeda ) FIH H J& (Artemisia) ) — L35 it £L HRAE Y , T HoAth” 1 4 W 4. 45 29
21 FhFEY , RS 5025 5 5€ ( Potentilla anserina) \ & %L ( Carex duriuscula) | 2 25 555 ( Potentilla flagellaris) .78/
¥ ( Taraxacum sinicum) \Z=Ri 5 ( Plantago depress) \#}Z5 878 ( Astragalus adsurgens) | ¥ 5; ( Artemisia scoparia) |
H#JR B (Lycopus lucidus) | j5 L #F . 1 (Iris lacteal var. chinensis) . &3 ( Erigeron annuus) , 3 BH- R\ & %
(Saussurea amara) | ¥ R %L ( Kummerowia striata . Eragrostis cilianensis ) | 2 J5 ( Digitaria sanguinalis) | i) & ¥
(Setaria viridis) /MR35 (Allium macrostemon ) Y2 AR T ( Lespedeza daurica) /|NE ( Deyeuxia angustifolia) |
4 I 2% ( Kalimeris integrifolia ) F14 3&3% ( Melandrium apricum) 4§ ,

R FH Excel \DPS i Matlab 6.5 %44 FREIE
2 BRE5SW
2.1 +HHEFIEIRRIAIE

R B B b, - 48 P R B OO AL A A A A B2, 3B 4 T P BB S EAMBER AR 1 3 B SRR L
ZRM 18 W (2ASE WAL E 2 SE B E 2SR SR ANESE .S
K& pH {H . 2358 FRILE KA EERS Na* 8B K" S8 .Ca’ & Mg F&.Cl&E.50;” FEME
BREERI HCO, #EM COJ™ SRZM) o SN BERIRE A P 4 K R o A () IR F IR AR — 1, TR 2
WA TSR o T BE7E 1 SR b 4r A RBUAR IR KR A ESRIEAR 22 53 F B R
3o AT TS BRI RS, RAE LIEE TR . ER TSR NER 1 PR, 51 S A F o 2R
TURREEN 79.917% , AT UMMRER LIEE RO . B — MR T a2 =M 42.997% , £ 238 (0.347) |
pH {E(0.340) \Na" (0.336) K" (0.302) FIE#E(0.301) FHEMAEAK, B NIEMB, 5 _F M3t if

F1 ERHSDPWER
Table 1 Principal component analysis results

F il 4> Principal components

Wi H Item

1 2 3 4 5
FRAE 1) 2 4% Total N -0.288 0.199 0.178 -0.043 0.228
Eigenvectors WA Available N -0.174 0.358 -0.125 -0.070 0.368
41 Total P -0.132 0.347 0.354 -0.155 0.060
W Available P 0.301 0.255 -0.053 -0.038 -0.012
424 Total K 0.002 0.016 0.434 -0.410 -0.639
R Available K -0.059 0.274 0.412 0.431 -0.007
A PR Organic matter -0.231 0.238 0.173 -0.107 0.037
£ 7K & Water content 0.144 0.244 0.014 0.375 -0.376
pH {8 pH value 0.340 -0.014 -0.015 0.117 -0.030
4> Total salt content 0.347 0.087 0.014 0.017 0.033
Na* 0.336 -0.019 -0.001 0.077 -0.028
K* 0.302 0.274 -0.098 -0.045 0.055
Ca®* 0.119 -0.223 0.472 0.184 0.303
Mg?* -0.117 0.302 -0.078 0.475 -0.177
Cl- 0.209 -0.292 0.384 0.132 0.145
503_ 0.183 0.283 -0.014 -0.336 -0.056
JEBHE Total alkalinity 0.289 0.237 -0.061 -0.063 0.137
PALE ESP 0.271 0.095 0.216 -0.215 0.293
$#E{E Eigenvalue 7.740 2.982 1.700 1.010 0.953
TR 2 Percent of variance/% 42.997 16.565 9.445 5.614 5.296
ZMTEHRAR Cumulative percent of variance/% 42.997 59.562 69.008 74.621 79.917
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AR R E N BN T — A, K 16.565% , Ho ilf# A (0. 358) (2 (0.347) LUK Mg™* (0.302)
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RZ, AT S AE IR 2 U (AR AR BN ) B S AR B B B
2.2 HREFMHFTAENL

B R R R A K R T IR R U B KB SRR 2,5 A TR AR, BT, 2% A 6
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Fig. 1 Seasonal changes of soil nutrient field for plants in Songnen alkaline grassland

WK 2 fias ,6—9 Al “ 58 ” T35 IR 00 O s A T RE IR R A MRS B, Rt & Y
TIRE IR RE IR K AB X L F) - SR BRAR B RO E A . 6 I " IR E SR PO B
B/ATFIE3ANAR, EATWEGE (7T Af) EEA KL " L9E RO SRBER AR K, X F
ERABESHENAEBNRR. 79 A0 wHE" N LIREFRMILES 6 H 6 KIAE Lt 23 iy, Hr 8
HOEMK AR, ARKIRZ . “HE” TIRE RN LU, REE T R, " 2 G
T LE SRS b, ARG A M E Ry . N TIEFRAAE 9 A h k" LE Rk
BURK, 8 AME2.32 /5.7 AMES5.32 £%5.6 A 5. 24 1%,

[REH K TIREF A PO R EREFRAIERELE7.8.9 Al 3 MAMXITEE, HEEXHNT 6 Ah. 5
“HE” TIRE MR, 6 A RERE DIRER MO R BEM TIREFRMTEEARNT T A8
A&F9 Afe, Kb, 7 A8 AHM9 AMKREE L REFRMIEEDHIE 6 AMEMmIET 39.57% .
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52.83% #136.94% ,7 A .8 Aty 9 AMEMZESFNAK. ATH,7 AfnREREN HIREFRMHEERS
AT R, X AT BB S R AT R AR R I BiER R . [RE R DIREFR AT T 7 A
i >8 Ay >9 Ay >6 Afy, Ko7 AGKMBERTHEARKR, 2526 A .8 AMHF9 AHE 20. 11 £%,
2.39 1570 6.88 5 (3£ 3) , Wi R F LM AR I E T EERAG,

®2 “HEIHEFRCAFTEL
Table 2 Seasonal changes of soil nutrition field for Suaeda

6 Aty 7 Aty 8 At 9 At
i H Item
June July August September
+3E 377 70 A5 Center point of soil nutrition field 0.837 1.432 1.505 1.660
+ 3 55 95 BF Breadth of soil nutrition field 0.325 0.481 2.611 2.179
T HEEFEAIAARFH Volume of soil nutrition field 2.545 2.508 5.753 13.347

*3 REEEIHEFUNSTEN
Table 3 Seasonal changes of soil nutrition field for Chloris virgata

6 Aty 7 Aty 8 A#r 9 A#r
i H Item
June July August September
+3E 377 70 A5 Center point of soil nutrition field -0.002 0.319 0.205 0.297
+ 3 55 95 BF Breadth of soil nutrition field 1.486 2.074 2.271 2.035
4 8B SRR Volume of soil nutrition field 3.221 64.778 27.105 9.414

AFIZET R E R LB IR PO RTE LIRE IR B R R AR, R 5 RS SR O s R (E B
1ET Aty,8 Atntr/he 5“06E" MFEREM L, F 5K HRE IR O ST L IRE T RN, H
BUERI N E, RUIFH EZRA MR BB . 5—7 AMFHE LIREFRATEEM L E TR
RFRER IR 277 (1 SR T2 W0 KA, A 8 Ay JTaR 78 /N, 8 A Byl IR BERE 9 A ik, 8 A 4y £ 3%
BRI R AN LI E SR AR BB T A T 72.75% H145.64% ,9 A EISLRT 7 AHEI(E£4) .
MEFEEFRA AL R ERE RO ERE 7 HO0A 9 H fy i 2 50 a] DUFE Sh i AR BE AR B i 4% b2k
K, M SR, RIS IR B NLRE ST, 1 8 H iyt 32 B i) o A Y FE B .46/ T, I HL il
THEE SRS o XA —TT R Z R, 75— 77 - S R R 72 UIAE . 8 H i
[REEF R A TSI K, 1 E SR MR , 5 T — o R BB AR miE, BREERE SRR
Xt LB FRHTE R BB E R AR, F RN RRLIREFFNMAEL N 37.77% = T 7 ABE. B
A7 A Gy 3 5 08 IR A AR I R ph L 38 3R 6 5 B AN S SR A RE M (AR BRI Rl

R4 FEIREFUHITEL

Table 4 Seasonal changes of soil nutrition field for Aneurolepidium chinense

5 A% 6 H 7 H by 8 At 9 Hb

i H Item
May June July August September

iig%#@}hufﬁ . -0.670 -0.937 -0.555 -1.207 -0.748
Center point of soil nutrition field
T B SR TERE
Breadth of soil nutrition field 0.679 0.958 1.637 0.421 1.293
EAEFLAB 1.365 6.933 39.548 10.774 21.480

Volume of soil nutrition field

5—8 H fylal“ Hofth” W) 3B FRAL PO RUR BT 1) L EE SR A MRS SR, 9 A Ay 8 A i X
W 1] 3 SR A M 3h , (H R AR ZE15 HoAth” H W) 3E FR A vh O BB R R TE B R AR, Im H S &
MBI Z 5000 0. 274 /NT“ ™ R R MFE R, 5—8 A fyia), “ HAt” HY i) T & FR 1 56 R B
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Wi/ N, Eor S—7 A s/ NSRRI 7E TR R R IR TE B A3 N, SR F AR SR AR LR BRI A,
“HA Y S ERSNAE TS T 8 A M ERFE R ERA DA AMERNE] T R, ST T KAl
1o 5—8 Afy“ HAh” M4 LB FFOATRZH G N, 8 A S A 3.29 f, ALt H 2 H a2
TRSE R, “ HoAt A 9 LB IR A AR BRI (R B W AN ,8 A AT % 100% (£ 5) o

RS HM TREFMHFTEL

Table 5 Seasonal changes of soil nutrition field for Other

5 Ay 6 H 7 H by 8 At 9 Hb

i H Item
May June July August September

i%%#{y_ﬁfmuiﬁ .. -1.183 -1.263 -1.368 -1.457 -1.389
Center point of soil nutrition field
BT
Breadth of soil nutrition field 0.588 0.420 0.350 0.321 0.389
EAEFLAB 2.981 4.213 9.806 16. 805 7.091

Volume of soil nutrition field

2.3 HHREFRMNEBNFTHEL

FRAEY R A A B SRR BR T 350 AR B A e B R E R R, T L8 SR EE X Tifid i
P e S RAR A N . - R R R A LIRERAERRZ AN, tat R Ui, BEZT I ER, 5
5 R R X T IE SR A R ROAR LR i, Horb 8 A9 Afiie AT AMKBEEm,8 A h2
6 A 97.94 457 A 3.82 4%,9 AfriE 6 A 101.94 457 AR 3.98 . 7 AKRRF-F R4
X HREFMEEBARETHE 3 MHM, ZAMFEERRR A BRN LIRE AT, FEEMN
iR A LB IR A BRI E R B M ERFBNEE I FRE-HAMEX HIREFRMCERNT LT A
8 Aty >7 Aty >9 A >6 Aty >5 A (5£6) . 8 AW pRRH 201 Y il 1) 508 SR M 2 M ™ Ok A2k T
FRE“HAth” Y%k L3008 IR AR B A

TEZE T+ IR E B WA ESGHR T AN DIREFRGESE, UTHE P MAEY E 25 + 508 7
BXH A MY B9 A M, - IR R T A4 Xt + 385 IR AL B X % R AR R TR
IREHK . “5:E” 5T R M LRE R EEX %" )R EE 8 A M RAKNRIE, KK N7 HH
9,6 Aoy asZmis/h, X R RN 9 A MRt 7 A8 H oy 8 R a- R4 X IR E R
AN FENEREX ERERIE, M6 HMHHM9 AMmmEx g RE M K, KR FHAEX -5
BRNUEBN EENERERERARTET ARRRK,8 ARRH/D ARZTEEE- A 555
MBS EFM HAL Y 2R R E S5 A0 8 A e EEMEE R, w6 A7 Ah
F9 A Ay bxt Hodty” FEP) M SE B R o BEZRTT SR, 3 LA 240 ok 48 SR A6 T B X A A At A
YIRS DL R X F R AVER 8 A MBI K, ARG S A6 A#.9 AHHT A BAN"H
it R ) R SR B B AR AL B (ELRE R 1y e/ N BRAE 5 H 4y ,6 A it T R BRI R me ) BEBEm T 9 H
H(3£6),
3 #FigEitie

PATCER IR 3 f) B ” SRR R R HAL” A & B DRE SR, BN LRE RN FET A
Pt 5o LA R ], PEREZE T R AL 4L, © 98 B B TR AP s ) S R B T A —
(L3EEFRMAM) B3h, LS IR AL AR Rl K, AR TR A K 2 N e ™ L3008 37 (7 AL RE I (E 1 281k
AR, HREFRAAR A BN EEREET HIREFFMIEE MY Ko Bk 55 i thiE Y A 1R
(ORRIIE LR ST, AT AR 3K S 78 %, AT ] SR 4R o Bl Bl S5 SR  Eh BRAE A L
TIEE IR IR YR AT RS EAT TR PR A B0E LA BGE B RE ) M5 A K, Bl E R T LR R T B
B HZETARE  AT RE SIS R T (MW RS ) Xt H ISR A IR BR B R A e R . EREN HIE
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I A R PR A 92 B8040 A il 398 37 il (U328 (AR 9 T3 SR A R ARG, P LA WA b s
R A VEFE ) T R R R I IR0 o DS LA IR A O SR T IR AL T I AR L
ST B G T 20 R B 3 B I 4R (LB B A 7 ol

F6 MBEFEEMEYMTIHERCEENFTTEL
Table 6 Seasonal changes of overlap of soil nutrition field for plants in Songnen alkaline grassland

# %} + 3 FE L FE S Absolute overlap of soil nutrition field

IH Ttem s At 6 it} 7 A 8 At 9 At

May June July August September
W%k - R R 5 Suaeda-C. virgata - 0.018 0.461 1.763 1.835
R H-£HE C. virgata-A. chinense - 0.481 17.678 0.039 1.893
RRL-HAh A, chinense-Other 0.792 2.804 3.770 6.839 3.184

FAXT + 35 37 B Relative overlap of soil nutrition field

SUH Ttem W% Suaeda R C. virgata 2E¥E A, chinense HAth Other
R W% FH R HAts FH

C. virgata Suaeda A. chinense C. virgata Other A. chinense
5 A4y May - - - - 0.580 0.266
6 A} June 0.007 0.005 0.149 0.069 0.405 0.666
7 A4 July 0.184 0.007 0.273 0.447 0.100 0.385
8 A4y August 0.307 0.065 0.001 0.004 0.635 0.407
9 H 3 September 0.138 0.195 0.201 0.088 0.148 0.449

XFRBEMEREMS,7 A0 EEEFRMH O SBUEM B RNV AERBERNM ERKFEHNREKRL,
5 W& WIBRARE, BRE 7T A MK 508 SR ALREE(E (46. 86% ) e = , #1151 A M ) 158 FR LA
BENMERFBNRE K. R, FELTEFROMAER 7 A Oir &R E L8570 5 8 308 R A RE g
EER AL R E . BB 1 ATH1,5—9 H 4], 8 R AR R ) 3508 57 A0 BRI E AR 2 SE 38 I s Ji b i AR
e, i F 7 A 8 ApehRBI RS A, AT, RREMEENEYER B R UL, x 58
ﬂ%#mwﬁﬁ@%w—ﬁo

KA 27 AR AL, oA A ) 138 SR PO R ) IR AR R B R ) — MR (B AR EE
Bl /N, 3 5 0 ” LB SR O s AR LRI A S o IES2 R 8 H B Fofth” A8 4 1) 1 388 57 1 3K R
VB R, RPEE H 3B SR TE B IR/ I A 1 Eofth” M) E 3B R AATR R BN A KB R KM

FABER B+ B SR ARSI R & R A H B RN E S, A E LY HERERVES
WAFTER W B ZE1 284k, o 2 U I R AR A % 138875 5 R P A A (DU BE A B %) 3388 3R 1) 38 S 45 SR LR B
EETTARTA . YRR ZBREARE , AR A K 135875 55 503E B 68 A R, HE 9 18] 9 A 77
TEREREZ B, BN EEE RS AR LRk
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