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FEE 5 MR R RS T8 15 o TR X R R K 2 8 X B LU T R pe b 58 be kB85 3 a Rk 11 a
HHEAHLER(SOC) (4 N 4 P HIHAL K & B ARt B I 9 3R 0 50 em, B 10 em — )2 HEAE T 4 M HEHL 0—10 em
10—20 em 20—30 cm 30—40 cm 40—50 em TIEFRIFAYAEA, GERFRY . (1) Frpesh T HI 4 )2 SOC 4 N 4 P AL K
FREEER TR, (2) KB)E3 a B T4 2 SOC. & N & P fMEM K S ESREMESRALE, (3) XER
11 a B H 3R 45 2 4 N S A 0 TR beh, SOC 4 P Ak K & R T 0—10 em JZ2 5 K beih 22 F A B 4, g+
EHRER, (4)4 DR HIETII AR EEIR SOC, H3E4 N & P Al K S 2abidiads, (5)3 Ak bkt + 1%
FJZ(0—10 cm) ¥y pH (HFIA LM 22 7 AN W3
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Changes of soil chemical properties after different burning years in typical steppe

of Yunwun Mountains

LI Yuan', CHENG Jimin'*> *, WEI Lin’, CHEN Furong’
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Abstract ; The Yunwu Mountains are located in the typical steppe of the Loess Plateau, which is also the prairie fire pilosity
area in the semiarid region of the plateau. Because of low rainfall, soil and water loss, and drought, the restoration of
vegetation is difficult. Artificial grassland construction and pasture enclosure were used as restoration measures in this region
by previous researchers, and achieved many positive effects. However, in recent years, because of long-term enclosure and
lack of appropriate management, the grassland has apparently degenerated. This degeneration of vegetation cover is
accompanied by accumulation of much plant litter. Because of the limited water, litter decomposition is limited, which
seriously impacts on nutrient recycling in the ecosystems. After fire, organic matter is transformed into inorganic components
that the vegetation can readily absorb. These inorganic components undergo a series of chemical changes in the soil. Fire
may also affect the transport of water to be absorbed by plants.

In the present study, we mainly focused on the effect of fire on soil nutrient characteristics. Three Stipa bungeana
communities were selected as experimental stands that had been burned in 2011 (new burning), 2009 (three years after

burning) and 2000 (eleven years after burning). A nearby unburnt stand was selected as a control stand. In September
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2011, soil nutrients were determined. The aim of this study was to investigate the characteristics of selected soil chemical
properties in the different burning periods.

Changes in soil organic C (SOC) , total N, total P and available K concentrations in the unburnt stand were contrasted
with those in the stands which had been previously burnt in different years, including new burning, three years after
burning, and eleven years after burning. The soils were sampled in 10cm layers to a depth of 50cm, and changes in soil
nutrient concentrations were compared in the four stands in each of the 0—10c¢m, 10—20c¢m, 20—30c¢m, 30—40cm, and
40—50cm layers. The results were as follows: (1) SOC, total N, total P and available K concentrations at all depths in
the newly burnt stand were significantly higher than in the unburnt stand ( P<0.05). (2) SOC, total N, total P and
available K concentrations at all depths three years after burning stand showed no significant differences from concentrations
in the unburnt stand (P>0.05). (3) Total N concentrations at all depths eleven years after burning were significantly
higher than in the unburnt stand ( P<0.05), and SOC, total P and available K concentrations at all depths, except for 0—
10ecm, were significantly higher than concentrations in the unburnt stand (P<0.05). (4) In these four stands, SOC, total
N, total P and available K concentrations decreased in the soil profile from the top to the bottom sampled layer. (5) The
soil surface layer (0—10cm) had pH values of 7.9, 8.5 ,and 8.0 in the newly burnt stand, three years after burning and
eleven years after burning respectively, which were not significantly different from the pH in the unburnt stand (pH=8.2)
(P>0.05). Overall, new burning and previous burning (up to eleven years previously) compared to no burning led to
significant improvement in the measured soil nutrient concentrations compared with the unburnt stand, but had not changed

significantly three years after burning, which may be related to rainfall after fire.
Key Words: Typical steppe; fire; years after burning; characteristics of soil; community of Stipa bungeana

2T 5 Ml DR SO B R A K IR — A G KRR SR A R PR R LA s, KT FE T
o AR RSYEY) DL A N, DX SR HLIR A e o AL R s DLRR R U &, s
IR IR B AE R R G, SR, BT BRI DL S AN I 5 3 2 5 KOKCBe Ay i et s + B 4=k |
M R A A A 4 B ORI 1P 25 (O R B R 3 R A 2

KRR IS | 32 ARG T b P e S TR R >4 b ) S A5 AR R R A AN [, AR S PR A AR Ak, KBRS
TR T AR, RS R GRS ALy, N A KR R IR SR,k
BLUG , 3R AP I 25 R AR B R AR AL SRR ) 4 b 1 #R ORIR IF Hs8 T IR IR
%, - S S5t T PR R A A S T e 4 RO i e A AR AR AR ek b TR A AR A S R | - R
PR LB E NN R WE VI EHK o B TR RIS V& ) (0 i A2 38 9 3 i Ak 2%
TEA M EEHE SN E D L AR T IRRT X S R AR , Fe 280 T R (M BRI SR A 30, DAAE, R RE
S RGO TF R ke XD i I T K A e R R DL T O 21O T 56 T B A R M X e A R
Jit, 2803 K e T I A EAR A B T R SRR A | I R KB FS AN R A AT IR - 48 Ak v I3 1% A8 A ik
B,

KBERERZ M S YRR T LA BT 02 5 A A R SR R M AT D S ) K A B kA
PERY S0 AR R B SR T K AP | OB B RN ORI R T AR SO A R R s 5 L LR R A 5
%R T KBe I AR A AR R - A2 R B AR Ak, BN JCREsm B | - 828R N7 b 2k A S S5 R 25
T 485 7 H WAL, 6 85 4 5 SR X A 5 A A 2SI o S (AL SRR B
1 #EFAE
1.1 W5

ATRES XA T 7 B R AR AR 255 1L R A SRR X, AR 4R 106°24'—106°28", 64 36°13'—36°19”,
T 4000 hm® , 744 1800—2100 m, 424 5 °C . AEFEFTfE 400—450 mm , — /K45 28.0% ,FK
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i 35.5% KA 36. 5% ,7—9 H BRI AR 9 65% —75% o %R 1330—1640 mm, =10
C U 2100—3200 °C, T 1.5—2.0, MRS, FRBT-22, BASCECBE, R il ok + 5 3 R A s Y
R L B X, TEREH 112—140 d, 3853 L s L AR s PRap X 2 AP B LIA [QEE 2 ( Stipa
bungeana) K%t (Stipa grandis) . H## H ( Carex rigesaens) AT (Artemisia sacrorum) | H B A ( Thymus
mongolicus) N T, FE A JE R VL B T BB 3% (Potentilla acaulis) | $5i 5 ( Leymus secalinus ) . 46 E 55 ( Melissitus
ruthenicus ) i BEUKE K 3 (Agropyron cristatum) '’
1.2 B O

AWFFAE T H BT = % LR [ AR X B0 X T, BT ARG 24085 K, T 2011 429 1,
TEFE 3 HUK B B (AL E L2 30% ) I I im) T HRCHEAR — 30 J5AG A SRR AR TQET S0 v 1Y K e
WRFFERS G, 3 A KBTI AR 1. 5—2 km, 43515 2011 4F (GFbe) 2009 4F (K BeJ 3a) 2000 45 (K Be)m
1la) & KBE1 IR, —HREBIT I AT 52 B KBS 2 1 AS TG AT 20 AR Dy X B b, 3 0 A e 199 B AR 55 100 AL
1,

F1 A ERER
Table 1 The status of experimental field

ol ok i ey vy
Stand pattern Unburning New burning . .
after burning after burning

T Area/hm? 15 10 15 30
IR Altitude/m 2065 2099 2074 2039
Y5 Slope/(°) 15 15 14 20
i1 EE W4 Above ground biomass/ (g/m?) 212.11 242.01 189.75 293.26
+ IS Type of soil YRR YRR YRR YRR
i K EHE] Years of burning Fead K 2011 4¢ 2009 4E 2000 4E
KpE5E E Fire intensity B2k Rk PR B2k
R RGP KIE, KGRI KGRI

IR I E TS, 5 [EETESR i FIBUH B 2T, 55 [EETESN i

1.3 FARESH

TERR AL N BEHLZESRE 3 130 mx30 m /MK, A BIFEREAD/ XX IE BUS 4> 50 emx50 cm AY/)
FET5 BN /INEE T B b AR S b T 5 4 AR5 43 0—10 ¢m .10—20 em ,20—30 ¢m ,30—40 c¢m 40—350 em +
BT Z (3 M) IRG B, RHERAE S H H R RS AR A L bR IR B 515 ART & .
1.4 ek SR

THEAHL C R e SR B R B A A AN ARG 5 A NI s SR 2 R B IR 5 R34 PR
FE R BV -SHBR DT L (7 5 30l K A3 5E SR FH O BRAER B2 - SO E R 1k 5 3% pH (BTN SE - R

SRR R J7 2250 1 (SPSS16. 0 3K 14 ) WF 58 JCe TPt 3 fb 2=t i (9 52 i, 2 3 LR A Post-hoc
LSD £ 55 , i #E/K Pk E A P<0.05,
2 RS54
2.1 AL C 2L

4 MEEHL SOC i EEAETRE IR Z (0—10 em) , H 0—50 em JEHN, % +)2 SOC &8 M 5] F ik
WARER R (F2) . £ O0—10 em, Hrlbeih SOC & & W3 & T K55 3 a 11 a FIXTHEFEHL (P<0.05) , U
B K e B 1IN 0—10 em JEFEIPY SOC 7 &, HIX ARG I R BTRE 9, KBe)E 3 a 11 a RZHEEHIL C &
I IR 22 I A W2 (P>0.05) . 4% 10—20 cm ,20—30 cm .30—40 cm .40—350 cm, SOC 5725 1k # 3
AR, BRI TR BES 11 a FEHh SOC 7 i i 2 5 X IR (P<0.05) ARG 3 a SXTIRER AR E (P>
0.05),

0—50 cm YN, Brbe s )2 SOC & i &R k& 5 TXT IR (P<0.05) , KBRS 3 a XN 25 S50 1 3 (P>
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0.05),kkef 11

a, 0—10 em 4, HE + 2 SOC & &l i 3w T4 (P<0.05)

R2 MNEFRBEERFERRELEGN C SEMEL/ (g/ky)

Table 2 Soil organic carbon concentrations at different depths after different burning years

EHERIE om Ik ik JIEIT3 o IR 1] o
Soil depth Unburning New burning "Ijhree ye;frs E.leven yefirs
after burning after burning
0—10 26.49(1.58)b 34.19(1.85)a 25.82(0.87)b 29.62(2.51)b
10—20 22.52(0.22)c¢ 26.68(0.77)a 21.47(0.04)c 25.25(0.63)b
20—30 19.10(0.57)b 23.43(0.93)a 18.47(0.59)b 22.07(0.26)a
30—40 16.68(0.37)b 20.89(1.30)a 16.31(0.48)b 19.64(0.71)a
40—50 14.09(0.35)b 18.78(0.96)a 13.77(0.49)b 18.10(0.86)a

[ —AF A Rl REFRIR 22 538 5% B IRF  455 N AhRiE 2

2.2 +IES NWARfE

I SOC —FE 4 M FeHh 34 N B FEALEPAERIZ(0—10 em) ., £ 0—10 em 10—20 ¢m ,20—30 cm,
30—40 em, Brpeis 34 N AR B EH T APE 3 a 11 a FIXFIEEEHL(P<0.05) (% 3) , kEBeJ5 3 a FIXFHIE 2
FARBE(P>0.05) (HKEJE 11 a BEET BT 3 a FIXHHEFEH(P<0.05) , +3E40—50 em, 4= N FitE
PR Re AT KBE G 11 a BRI 35 TXT IR (P<0.05) , kBEJE 3 a 5XFIEZE AR 3 (P>0.05) , Bk il
KBeJE 11 a ZRARE(P>0.05)

0—50 em YOI, Brbe Ak Befa 11 a 4524 N S a3 & X R (P<0.05) , K BEfE 3 a FIXT
I & 25 (P>0.05)

®3 NEARMREFERFAERELES N SENENL/ (vke)

Table 3 Soil total N concentrations at different depths after different burning years

e KRG 3 a KBRJG 11 a
i%‘{%ﬁ;"/cm ;KJ(% ke . ﬁfi}ayears é{i}fyears
Soil depth Unburning New burning after buming after buming
0—10 2.49(0.11)c 3.18(0.08)a 2.55(0.05)¢ 2.84(0.15)b
10—20 2.23(0.03)c 2.75(0.04)a 2.19(0.05)c 2.55(0.05)b
20—30 1.98(0.05)¢ 2.50(0.08)a 1.99(0.05)¢ 2.30(0.04)b
30—40 1.77(0.05)c 2.27(0.06)a 1.78(0.05)c 2.11(0.09)b
40—50 1.52(0.04)b 2.02(0.07)a 1.52(0.07)b 1.93(0.12)a

2.3 184 Pyl

4 ML 0—50 em UM, & 124 P S b 3 (HAR IR AR K (R 4) , 14 0—10 cm, Bike
i34 P SREER T ARG 3 a FINIEFEHL(P<0.05) , kBJ5 3 a Fl 11 a 55X IRHETC 2525 5% (P>
0.05), 13 10—20 em 20—30 c¢m .30—40 cm 40—50 cm , FrFEH KBS 11 a FEL HIES2 P S EEE S
TXFHR(P<0.05) , kb5 3 a AN HRTC i & 22 5+ (P>0.05) , Hrhe Ak Be)a 11 a T 257 (P>0.05)

x4 NELFRBEERAERRELEL P EENETL/ (g/ke)

Table 4 Soil total P concentrations at different depths after different burning years

LI/ em FYe ik KB 3 a KBEIG 11 a
Soil depth Unburning New burning Thee yca'rs Eleven ycfms
after burning after burning
0—10 0.68(0.01)b 0.73(0.01)a 0.66(0.01)b 0.70(0.01)ab
10—20 0.66(0.01)b 0.70(0.01)a 0.65(0.01)b 0.69(0.01)a
20—30 0.64(0.02)b 0.69(0.01)a 0.62(0.01)b 0.69(0.01)a
30—40 0.61(0.01)b 0.68(0.00)a 0.60(0.01)b 0.68(0.01)a
40—50 0.59(0.01)b 0.66(0.01)a 0.59(0.04)b 0.68(0.01)a
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0—50 cm YL Bl , Brbetth + 14 )2 4 P & A i 2 = TXT IR (P<0.05) , KBS 11 a,BR T 0—10 em, H:
RSP SR ER TAIE(P<0.05) , kHE5 3 a THEKZ L P SEMNEEF AL E(P>0.05),
2.4 HHEEHEL K 1AL

4 MREH R R HEE R K S EAERZ R, H 0—50 em BRI, & L2380 K A B S i i #, 28 b iR
B (R5), £HE0—10 em, Brbehh - Emak K & W 5 X (P<0.05) , KBEJE 3 a Al 11 a FEHLS X R
ZFARE(P>0.05), 15 10—20 cm, Hrbeb ARG 11 a FEHBE AL K & i i 3 T X (P<0.05) , 1M
KBEJE 3 a FIXTREZE SR T % (P>0.05) , Hrbe i fl KB 5 11 a 25 A8 E (P>0.05), 20—30 cm, 30—40
em 40—50 em , B HEAIKER G 11 a FEHBERAL K 5 3 5 T4 R (P<0.05) , T kBe/E 11 a 135 5 THibe
H1(P<0.05) , kBe)a 3 a FIXFHEIC i 2 25 5 (P>0.05) ,

R5 NEFRAREFERAFDRELFEEY K SEHENL/ (mg/kg)

Table 5 Available K concentrations at different depths after different burning years

o . . KBEE 3 KBESE 11
EHERSE/ em P ik KBEJE 3 a BRI 11 a
Soil denth Unbumi New burni Three years Eleven years
1 2] n min min
o dep urmne ew burning after burning after burning
0—10 238.80(28.64)b 325.34(36.11)a 300.70(30.11)ab 290.95(24.63)ab
10—20 169.55(6.36)b 197.23(8.22)a 165.73(18.19)b 199.98(8.95)a
20—30 117.80(3.23)¢c 139.90(8.34)b 117.25(10.07)c 160.22(9.75)a
30—40 96.93(2.10)¢ 114.92(7.02)b 98.29(6.01)c 136.72(4.37)a
40—50 80.63(1.47)¢ 103.80(2.73)b 84.92(3.31)¢ 121.22(2.59)a

2.5 4 pH EHAELL

4 MEHKCBERS , RIEFRIE 0—10 em B9V pH E2h KBS 3 a(8.5) >ARLeHh (8.2) > Kb/ 11 a(8.0)
SHBEH (7.9) B4 KBttt AR beth 13 pH (B 22 3408 .35 (P>0.05) 1 H. 4 b - SRR mmc vk
3 itig

W KBFEJE SOC 17t 2 Fo 49 BT 3R TR0 L R WK R B — IR e 22 T A, kU5 SOC % it
AL A Gi— B 258, BEA TH R M RAE, to A FRAR A 8, 30 2 R AR AR 1 33 32 B2 KO8 i B 0 2k
L +IESAIH K, Giacomo Certini 5 H Abe Xt A AL A4 52 i 5 42 B #5 & B AL VR AN o2 4 %Ak, ik 222
WA T KOPEBRBET AT B ety 39645 2 A MLBsR 5 5 10 38 1 TR B, R TR KB R A AL
B LVAIARIE R 45 M, KORe e 38 B T, 38 00 - 558 26 W 3% 1k RS Vi 0 1) oM 8 R TG 1 R
4%, Schmidt AR KBeAE FAAE + 2B+ 2 AGHE b ol e 21 T 420 S E A1 A0 s 4 2 4 2 A TR R A —
FEE FARERT SOC ARk, ASWFFE Kpm b+ 30 IR s =, T LU 208 bé b 1 584 2 SOC , 34 N
4 P RIEHAL K & il i e TR, X T RE S K A B M B A AR KOG R, AP R, kbeE 3
a 1K )Z SOC i MR 22 5 AN 1 25, AT AR T OB M T4, Xk 4 it PRI = 48 5l = 7K 43 K 43 TR
WD KA A W N B A T IR AR R (ERBEE IR A RS | A Rk e i R A B - b 2R
W, BB TR E ) A AL ZE" . KBSIE 11 a FIEL D T KA 8, 13 B A AR A ml BE 5% 3|
40—50 em + )2, [FIE M EAEGORETIRE , WA S Wi i, IR T SOC AR HRE, R %
JG 11 a SOC HHR T RIZZRARE , HEHEWREFEWIN, F£)Z SOC WX MRk b, ol 55 R M i 3% B
H—EXFR, HETHKEGE 11 a FEHE R R PEREBE | th T8 1 & b X R 7K 22 L2 W 3, T DA B
FERRBE , )2 FR TR LG AT fE A ™ 5, 17 H AR AE 9 H Oy A oRBE AR T R 2,

HTHYA AR, KRG AT AR, 15N SRR R, T kbE %S N SR
A G — a1, RIS 18 R4S 3 4 N B S B AE KRR N, it 2 st 18] F RS
FFTREAR, E IR BT, I B i ORETIK . AT 5 A R 3, R IH i 184 N
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FR R ERN AH KBS 3 a2 N S RANIRERA L E, KBEE 11 a 2 N &85 TXE, R i
RS IR 4 N S =R ORI, i T KBe)R N e o 1 WA HRaE 5 H KObe ) 1 N 5
No BTG LA K BE T SRS I ShAS AR AT K beE 1SR A N SR N R, RIS
Dl A A WFFE R TCIE OB AR I R AT, TR IR S I FEBUZ 4 N & A BOR BRI AR . = B0 Ak
SRR AT Y S DR AT RELS IR JOBE IR  S7 3t 2% 1 | T AR K5 R T o L R OB T 9 A 2R AR A T R
e

KBEI P I 4 MR S BB AR A AR Z 5T 45 Hh Jobext L4 P SRR BE RN, K%
SELP R IR AR IR 1A P S R W AR, OB X R R AL S AR E S L 4 p
VR — A W R, R R B AR RN 2 — e (s (BASRIFTE R W] Bbe st Ak Be 5 11 a -3
4 P S TR, X AT BB KB A BRI O A fr it — BT

K 7E + e b gh v Ui, e s & KPR e FIE AL B 28 bR 2 — . NI — L85 d
ESE T KBRS ik K Frim s W ETHC ) PRI 20 Y P B R i R AR K i TR R
JE EE B, PR R EEAL KRS iR S BRI A 5 . ANEST IR TR EE Kb, A5 SRR AR OB ALK
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