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Soil stoichiometric characteristics of alpine meadow in northwest
Yunnan under different disturbance types

LIU Li', WANG Minghao', YANG Wei’, REN Jian', ZHANG Ran', TIAN Jianfan', XU Wenhua', MA Xiangli'
(1. College of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, Yunnan, China;
2. Hongyun Honghe Group of Kunming Cigarette Factory, Kunming 650202, Yunnan, China)
Abstract: The effects of different disturbances (enclosure + fire, enclosure + fertilization, enclosure, and grazing) on soil
nutrients and on the stoichiometric characteristics of soil C, N, P, and K in alpine meadows in Diqing Prefecture, Yunnan
Province, were analyzed. The results were as follows: 1) Under the same type of disturbance, the concentrations of soil C, N,
P, and K decreased with increasing soil depth. There was a negative correlation between soil C, N, P, and K concentrations
and soil depth, which could be well fitted by a linear function. 2) The concentrations of C, N, P, and K were higher in the
enclosure + fertilization, and grassland enclosure soil, at a depth of between 0 cm and 30 cm. The concentrations of C and N
in the enclosure + fertilization soil were significantly higher than those in the other three types (P < 0.05). The P
concentration in the enclosure + fertilization soil was significantly higher than that in the other soils at a depth of between

0 cm and 10 cm. 3) In the 0 — 40 cm soil layer, the concentrations of C, N, P, and K in grazing and enclosure + fire soil were
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lower than that in the other two disturbances. This result indicated that there was a severe loss of soil nutrients after grazing
and fire. 4) The N in the soil of the study area determined the change in chemometrics in the grassland ecosystem. The
average value of soil N in our study was 29.34, which was higher than the national average level of N found in alpine
plateaus (13.6). The results indicated that the decomposition rate of soil organic matter was high, and soil organic matter was

scarce in the study area. Therefore, enclosure + fertilization is an ideal choice for alpine meadow grassland restoration and

grazing management.

Keywords: enclosure; fire; fertilization; grazing; soil nutrient; grassland restoration; grazing management
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 H I $02 167.9 h, oM 131~ 146 d. iZ X7y
RNTRWEE, FKEFRETH -8 H, WIAFEI. th
FOT 38, 3 0y i B o B 4 A RUHURE
s A A o T EAE A R OR (Poa
pratensis)s J& 1 /K E (Polygonum nepalense)s - % &
¥ (Carex nubigena). % Wi (Plantago asiatica). K &
(Deschampsia caespitosa). 74 ® Z% % % (Potentilla
lineata) A1 KIR B (Euphorbia jolkinii) %5

1.2 ARFZE

121 R BT
TR0 X P, e BT 75 5 AE AHABL S AR B 43 A 33

5. EAREBHERFEH, AR THERKE 4D
AEEE (R 1o RAZX %, NXTHAN 2 m x 2 m,
K Jpe X FAR KR X 2 1] [a] B 10 m BA ., FHAh /N X ]
PR3 m, AT IANER, LG 15 MDMX.
TG ], X B S B A A P A 2L AN
REWE, AN b EE 2 () i) R A ERAR R — 2. (R
AN A3 g B 3 AN SR R AT R AR IR AR,
FE A 5 cm 45K 4 0— 10, 10 — 20 20 — 30. 30 —
40 cm L JZ B 3, AR N AR B B A4S
HE YT SRR s IR A LS R s h
EH R REMAYE, BT HREEARNXT. TR
AF G 3k 1 mm 65, BT 3855 0 W B 52

Fz1 HHIEE
Table 1 Plot settings

TR M5 #7530
Disturbance type Utilization and management mode
TR L ZAEBHCR A, # 8 & N4.0~45 R hm .
Grazing (M) It has been used for grazing for many years, and the carrying capacity is 4.0~4.5 sheep-hm
. 20124FTFIRSENE R E, RINEFH TN, HEMN I y6FE

Enclosure was implemented in 2012. A year-round enclosure method was adopted and the enclosure
was maintained for 6 years

£ OB 65 R AT P P K BE AL B, KR EL ) < 30%

Enclosure (F)

ERS =N
Eflflo:uﬁ% fire (YS) Controlled fire treatment was carried out on the plots that have been sealed for 6 years. The proportion
of fire was less than 30%
TECH AN AT HEILALEE, 201843 3 F HEHIR T AT — IR PEMOE S B SR A LN :
HE + e P:K=17:17:17), HifE&E30gm

Enclosure + fertilization Fertilization treatment was carried out on the enclosed plot maintained 6 years. A compound fertilizer
(YF) consisting of nitrogen, phosphorus, and potassium (N : P sz =17:17:17) was sprayed at a time
before the grassland turned green in March 2018. 30 g'm ~ of fertilizer was sprayed

1.2.2 &I H M5

AL C R AR DN e SR P R AR TR I A I AR
PVE, A N YR FE B 52 SR P VR T R — M R
LG s AP, 4 PR A HCI0,-H,S0, B W2 4R k6 4t
b g, 4 KSR Al NaOH J4 fh— J te ok B e 1
1 CONVP K IRESR A g'kg ' %75, C:N.C:P.C: K.
N:P.N:K. P: KL%t &EIERHAMNZ 44N L Z
17 2418
1.2.3 s ot

i A SPSS 19.0 AT £ 4 Ge it 43 ¥« B A £ ¥
H— BT RN K T 24T, LSD £ HE LW, F
DR R M ST RE A ¢ R 36V A M B = S W M R
Pearson 72 AT AE #)— - e 40 2 1+ B R F 7] S B E 43
Hr. f# F Excel 2007 #HI1E K& % .

2 AR5

21 ARFHAEBRT TIFELZ T EFERIR
211 ANFETFHEE T 3% C WAL

WE R, ER—THERT, HEF + kK
10 — 20 A1 20 — 30 cm + = 4 0 — 10 #1 10 — 20
em LE LB CKREERARE, A WEHE + kb
5808 Pk 8 C R FE R H R AE B 2 EER LA
Wz Ld . KA 2 FFHE R N LB CKEZEEH
bR EE R &S, & L EEEREE (P<
0.05). fEAFTFHHEM T, 0-30em LZ, HFH +
it BB b 35 C IR B R, BE - K % C IR
Bk 7630 —40 cm T 2, & & Hh -3 C I JE A
BE + kbehh 3 CIRERK. UHHEE + HEA

http://cykx.1zu.edu.cn



2 4 3 XUFT & ANFE TP T VR G b v 58 5 ) 1 34k 22 0 REAE 637
13 C ¥ Soil carbon concentration/(g-kg™")
0 5 10 0 5 0 5 10 0 5 10
é 0-10 T ¥ac 0-10 a2 0-10 —a 0-10 a0
% 1020 -:'Bc 10-20 -:Ba 10-20 | i Bb 10-20
Z I i I i
%‘E 20-30 [—JBe 20-30 [}cCa 20-30 i Cb 20-30 [¥Be
4% 30-40 hee 30 - 40 ij 3040 s 040 [
- YS - YF _ F - M

1 TEIFMABRTETIRCRELTK
Figure 1 Changes in soil carbon content at different soil depths after disturbance
AR KNG 783 528 [F — TR AR+ Z A E TR E — LR AE 0.05 K 257 2%H (P<0.05). YSHHET + kkE;

YE BT M FOVE T MO T

Different capital and lowercase letters indicate that the same disturbance type at different soil depths and different disturbance types at the same soil depth
have significant differences at the 0.05 level. YS: enclosure + fire; YF: enclosure + fertilization; F: enclosure; M: grazing. This is applicable for the

following figures as well.

FTRELECHMRA, HEWEARFTIRE -1
CHIMR. k2, 5SHEMW, HF + K5
oy i C R A,
212 ANETHER T L3 N IRE B

WmE 2R, fER—THEHTHE LEW
I, L NIKFE 2R E T REABES (P<0.05). £

0-30cm LZH, L& + B+ 40 T 0 NKE
e, LA EE £30-40cm 129, U EH
MINKE R, HE + kbeikz. A LE,
PUBARCTPE T H N IR FEBUIS, BREE10—20 F120-30 cm
T2, HE + ke N IR E SO E R R
4, KR EREE (P<0.05).

43¢ N ¥ Soil nitrogen concentration/(g-kg™")

0o 2 4 6 0 2 4 0 2 4 6 0 2 4 6
T 1 L L

5 0-10 [Jac 0-10 [ haa 0-10 [____Jab 0-10 [_JAd
= - - - -
o
2 10-20 [JBe 10-20 ¥ Ba  10-20 [___}Bb 10-20 [ 3Be
=} L L L -
wn
2 20-30 [Jce 20-30 [ Hca 20-30 [ ob 20-30 [ ce
Y
4 30-40 [jDb 30-40 [} e 30-40 [Jpa 30-40 fjpe

YS YF F M

B2 ARIFHABERTIETRENKRELTH

Figure 2 Changes in soil nitrogen content at different soil depths after disturbances

ANFET AT L3 PR E AL
WK 3 s, R — PSRN, 3 P IR R
HE+KESHEE + e K 20 - 30 F1 30 -
40 cm + )2 FACHE ) 10 — 20 A1 20 — 30 cm 2 %
A AEES, HRTR T H LD EEE £ ZEm
R PIRIE W& N IEREH (P<0.05). f£0—-10cm
LB, HE + R PIRE R ZEE T ST,
10 — 40 cm + 2 U /2 5 & Hb P IR & & i (P < 0.05).
7E0—10 130 —40 cm L2, BUAH Y P IR E &

2.1.3

FEHRAK (P<0.05), 10-20cm L E2#HF + kbeth B
AL (P <0.05). &R Kobe S5 15 it PG T 1
P EE.
214 AFETFHRIEBF L85 KR E AL

WK 4 fros, FER—F R, 3% KRR
HE+ KRB 0-10/10-20cm 2. HFH it
) 20 — 30 1 30 — 40 cm - JZ . AL 10 — 20 Al
20-30cm LEEFAREI (P> 0.05), HRTHAE
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[13# P % & Soil phosphorus concentration/(g-kg ')

4 FTEFREEELELRKKRELTK

Figure 4 Changes in soil potassium content at different soil depths after disturbances
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B3 TRFHABERTETREPRETK
Figure 3 Changes in soil phosphorus content at different soil depths after disturbances
13 K % & Soil potassium concentration/(g-kg™")
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IS L L L L
5 0-40 1 ¥ca 30-40 "} pa 30-40 [ ob 30-40 [ Jca
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0.05) /£ 0—10cm T2, #HF + jiti JCHh 17 + 3 K K
B 52 T F 2 AT (P<0.05), £ 10 -20 cm
TEMNEZHE + kERESTHLZERHER T,
1E30-40cm LEHE + L. HE + ke 5k
3ANFIMTFMEIBKIREESFARE. 7£0-10cm
+ 2 O KO K (P < 0.05), 10 — 20 cm 2
B F 15 R (P < 0.05), 30 — 40 cm 2 1 &
HHL AL (P<0.05). RHFEF + L TIHAF T -

B K W, BF + KRB B JE (30 -

40 cm) ] K 9 BE A — 8 B35 0808, T U

SRR E (0 10 cm) [ K IKFE, B 5 2 AL

R JE 3 (30 — 40 cm) K B

215 AETIEA T LEFR S S EZEE AL
ANFET PR T L3 CONL P K 9K 135

TR BE B 8 00 i s D B B BE AN A (3R 2). 3 CO N

K2 IRFDELERENXR

Table 2 The relationship between soil nutrients and soil depth

g3 BE+ kb B+ HH T
Soil nutrients Enclosure + fire Enclosure + fertilization Enclosure Grazing

. y=-0.125x +5.715 y=-0.235x+11 y=-0.169x +9.12 3 =-0.194x + 8.79
R =0872 R =0932 R =0919 R =0921

N 3 =-0.060x + 2.525 y=-0.173x + 7.075 y=-0.071x + 3.495 3 =-0.062x + 2.49
R =0.950 R =0.988 R =0.991 R =0.968

, y=-0.133x +5.355 y=-0.225x + 8.685 y=-0.165x +9.185 y=-0.087x +4.935
R =0912 R =0.886 R =0.776 R*=0.403

< y=-0.398x + 31.085 y=-0.545x + 35.205 3 =-0.390x +27.83 y=-0.172x +22.425

R =0.923

R =0.888

R =0.827

R =0.883
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HE+ kb, T PIKETE 040 cm -2 Hid i
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T R IA b
22 AEFMEBTLEEC, N PUREITEL
BT 1L
221 AFETFHEE T 3 C: N

WE 5 Fros, ANETFHEE T 18 C: N 1T
H529.34. BREE + KETH T C: NLE20-30cm
LRI B RSN, HAR3FFIT C: NHHAHE L
EIRERE I 2 E A, F£0-40ecm L2, i
Wb L C:NEES THERIM IR (P <
0.05). f£0-20cm LEH, HE + T TH L
BEC: N BELTHR 3 FTI (P<0.05), HAZTE 30—
Ocm tEHHE+HEESHEESARE @ >
0.05), KUK EF + I EHE TN LEC:NK

ol EEAE R RE L,
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B 5 REFHERXLIEC: NHFIE
Figure 5 Effects of different interference
types on the soil C : N
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C:PHO0-40cm L EHFHFAEL TG L&
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Figure 6 Effects of different interference
types on the soil C : P

AFRTIMEA T EEN:P 481k
WE 7 Fros, ARFHREE T LEN: P 1FE
HN065. 5 C:P—#, fiELZHME HEF +
e 5HE +EETRTHEN: PHELEMR
IR 2% LG R R, ¥TE 20 — 30 cm AbiA
Bl MAESBA T TFTMHEEN:PRELT
B J5 B TF R, 1E 20 — 30 em Abik Bl N . X T
0-30em LZME, #HE + BT FNMLEN:P
TEEHTHRIMFHER (P <0.05), Hf &£
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Figure 7 Effects of different interference
types on the soil N : P
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20-30cm LJE, HE + HEETITFHIN: P EE R
Ho. HEESBMTFMTHLEN: P EEMRTH
A2 BT A (P <0.05), HA BB TR AK
7630 —40 em T 2, b 3N P B E & T H
RIFFIRTWME, HE + AT T R L5
N:P BZ LT HR3IMHPER,
23 T3 C. N. P, KREKZEITELEZ B/
XM
HMEIAMEIECEKEREZIMIRXR, 5
C:P.C:K.N:KEEFFEMHKLKLR, NSK. N:P,

N:KERBFEMHKKLR, 5C: NEEZFFAMHKK
Z.PHEC:PEEEMMHLLR, 5P:KEREIE
MIXRFXKFR. KFC:N.C: K, C:PI[A]¥yE L E A
KRR, IKEPZHEAFAELEXRE, ChH
K Z AR K RN C: P FERZE. C:N
H5C:P.C:KZHERFEEMIKR, HC:NFIC:P
ML AZABRKTC:NMC: KIMXREE. C:P
5 C:K.N:P ZIHfFEREZEIEMHIKR N:PEHN:K
WMERFEEMEKKR, Hf, T CHMC:K.NM
N:K.PHFIP: KFJFH KRR &, MR RE 0N
0.960. 0.897 F1 0.888.

®3 HEC N P. KREKFIHTEL 2 EHHEXMN

Table 3 Correlation between soil C, N, P, K and their stoichiometric ratio

T8 #5 Index

C N P K C:N C:P C:K N:P N:K P:K
C 1.000 0224 0122  —0.659" 0.434 0.595" 0.960" 0.463 0.602" 0.371
N 1.000  0.445 05717 —0673"  -0.139 -0.018 0572 0897 0.115
P 1.000 0.139 -0.425 -0.671" 0.134 -0.363 0.511 0.888"
K 1.000 08497  -0523"  -0.825" 0.121 0162  —0.322
C:N 1.000 0.691" 0585  —0.082  —0412  —0.029
C:P 1.000 0.543" 0.628° 0035  —0.450
C:K 1.000 0.237 0.408 0.473
N:P 1.000 0577 —0.461
N:K 1.000 0.361
P:K 1.000

FRRIRAE0.OLKF UM R ZZ AR, *FRIRAE0.057KF CRUN) L 22 AR %

** indicate significantly correlated at the 0.01 level (two-sided); * indicate significantly correlated at the 0.05 level (two-sided).
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