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Horizontal Variation Characterlstlcs of Alpine Grassland So;l Functlon and Vertlcal

Changes Along Soil Genetlc Horlzons 111 the Three- Rlver Headwaters Region”

LI Bodji Jlan 2 , SHEN Gong- -¢ong' %, LIU Si-yi'?? WU Hua Ung 2 "WANC Ji-chen'* ZHAE) D’ong hui! 2 J‘GE Yan' 2" 5

(1. State Ke} Laboratopy of Urf)an and Regional Ecology, -Resea?ch Center for Eco-Environmental S(neHces Chinese Academv of Sciences, Bel]lng 100085 Chings 4

2. University of Chiriese Academv of Sciences, Beijing 100049 Chma 3. State Key Laboratory of Soil and Sustalﬁ‘able Agncuhut’e Institute of Soil Science, Chinese Academv
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Abstraet; The Three-River Headwaters region is a hotspot for studymg the response of soillfunction to climate change To study the horizontal variation characteristics of alpine
grassland 5011 function’and vertical Lhdnges along soil genetie horizon$; " soil ﬁlnmqpal‘ indicators (including respiration, nitrogen conversion rate, and enzymatic activity) of
different genetic horizons in alpine grassland soil profiles and their correlations “with environmental factors were analyzed. The results showed that there were no significant
differencesydn soil functional characteristics between alpine meadows and steppes, and topsoil had higher respiration rates, nitrogen conversion rates, and enzymatic activities
than thosé of subsoil. Total nitrogen was a key driver of soil functional characteristics in different genetic horizons, explaining 18.3%, 21.4%, and 27.5% of the horizontal
variation in functional characteristics, respectively. Climate and vegetation factors mainly affected soil function indirectly by changing soil physicochemical properties in topsoil,
but atmospheric nitrogen deposition still affected soil function in subsoil. These results indicate the significant nitrogen limitation of alpine grassland soil in the Three-River
Headwaters region, and the findings provide a new insight into the maintenance of soil functional diversity and the response to climate change in the context of global climate
change.

Key words: Three-River Headwaters region; soil profile; genetic horizon; soil function; environmental factors
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1 #MES5HZ®
L1 F9E I BB 1 HERE R A ~

T EREACER 1 FR 1 6 = VTR X DR SR
L4 32. 83° ~36.72°, A £ 96. 35° ~ 102. 2908, ¥k
JL A2 800 ~4 400 m , 4EF-HIR N - 3. 6)~ 3.9C

(IR S = i o A D N
(Kobresia pygmaea) | i 5L ( Kobresia tibetica) | %
¥ ( Kobresia humilis ) FI5+51 5 (Stipa aliena ) 55 T3
o, e P R S AR A LA T 98 5 5 ( Carex moorcrofiii)
FIEEAEET S (Stipa purpurea) S5 AT HEFh (14

RFEF 2020 48 H 4 ~25 H 78 =TI M X ik
e FER ) (12 ) M FE R R (13 ) RSB S5
(K1) 4240 17 25 A LR (B 1) . AR e 1 05
{5 B A58 (soil information system of China, SISChina)

® (AR

A R
360 [ 1 T

| SR—
I L 1 \ I

92° 96" 100° E

B 1 ST RS KR WA ER A SRR

E%i@l‘%ﬂ(i% F 290 N 835 mm, E?%ﬂﬁ@iﬁﬁﬁ ]/?\ Fig:'.'. 1 Stﬁ-dy are} and“-éi)i] profiles sites in the ' '__.-""‘
SIRFGT , TEENH B SRy T A [ g e e &
i i 4 ! ._. J " “:u" i F, 1 I J
- el J T EIENERER o
? J = Table 1 .Backgfnund data ‘of grassland soil profilesi=
2 Vi - AR | e PRI T TR
mlmg s BRI O RO 7¢NDS) - WI) NDVI #5 %% (MAP) (MAT) B JAD
By . | /kg+ (hm?-a) ~1% /mm /C
QL i HEHFEEL i 15.57 16.4 0.86 551 1.0 A+B
(0] BpELMGE mIERf 17.6 -0.4 0.72 379 2.9 A+C
Q3 T MR R 15.35 0.3 0.49 442 -0.3 A+B+C
Q4 HiEA MR SR 13.73 17.3 0. 54 370 -3.6 A+C
Q5 HigE I msERA 17.25 64.6 0.75 651 -1.3 A+B+C
Q6 FBiFEARE  mERfM 15. 49 68.8 0.75 687 -0.4 A+B+C
Q7 HEARE  mFERA 15. 49 68.3 0. 69 744 -0.7 A+B+C
Q8 BIEMEE &R 15. 88 54 0.78 622 -0.2 A+B+C
Q9 HBEAEEL  SEREA 14.91 49.1 0.8 594 -0.2 A+B
Q10 HlEEME R 15.85 29.3 0.85 599 0 A+B+C
Q11 HigERIE  EFER 14 10.3 0.75 581 0.9 A+B
Q12 PUNERTNE R FER) 16. 44 58 0.85 835 0.5 A+B+C
Q13 HFHEEL  EHERE 24. 44 -2.2 0. 88 547 1.9 A+B+C
Q14 TR ILMmE EFERR 17.3 -16.4 0. 68 531 1 A+B+C
Q15 B FEMEE mERE 16. 01 9.4 0.72 505 2.4 A+B+C
Q16 BifEMEZE mERE 13.02 2.2 0.24 374 -2.2 A+B+C
Q17 HilEEmE R 15. 09 85.3 0.79 691 1.2 A+B+C
Q18 HilamE mERR 16. 89 47.6 0.82 614 0.3 A+B
Q19 BIFEMEE mERE 15. 88 47.3 0.76 598 -0.1 A+B+C
Q20 Higg LM SRR 15.3 -0.4 0.29 379 3.9 A+B
Q21 HipEILME mERE 15.29 -1.6 0.29 396 2.6 A+B
022 TR ILME EIERR 15.3 -0.5 0.3 409 2.8 A+B
Q23 BFE G2 HERE 17.94 -23.8 0.17 378 1.6 A+B
Q24 HiEE 520 SRR 15.37 -18.1 0.23 366 2.0 A+B
Q25 TR AR L H mgER R 11. 45 -32.1 0. 46 290 1.5 A+B
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(A Bk 8 7 3R 58 (GPS) WUAERE s 2225 BE
RS B, R T S8R (4 F YK &, mean
annual precipitation, MAP; S, mean annual
temperature, MAT; 7218 45 %%, wetness index, WI) Fl
FE#% 15 — 1k 48 X ( normalized difference vegetation
index , NDVI) S 5 T [E B 2% Be 9% 5 PR 45 Bk 2= 55 i
ol B HE 2 (http://www. resde. en /data. aspx?
DATAID = 253, http://www. resdc. cn/data. aspx?
DATAID = 257 ), K R & UL B # % ( nitrogen
deposition rate, NDR ) £l > I T~ [ 52 A4 R 2= 500l
s ( http://www. cnern. org. cn/data/meta? id =
141884 ) i Ji] ArcGIS 10. 4. 1 FPFHEATHEL S
1.2 FERINE R Geit ot '

L2.1 e o e N |

- I o 4 r =
.-“'i%/z\ﬂﬁ%(lsoil moisture content ,/SMC S
i o

Sl RO e pH R (T T CE20:
FiveHasy Plu§™ Mettler-Toledo , 1 [E ) {ﬂﬂ%iﬂ( 5]
17275( BB ) fY + e fépH ?«%@fﬂﬁ i

Fﬁﬁ% ﬁj\ﬁfﬁg( \‘/ario EL I, Elerﬂentar‘; 1d l%l ) @ﬂﬁ'f

+ 358 S total carbon, TC) 15 & (total nitrogen ',-f
TN). j:% EE,EFK( electrical conductivity, EC) L +7K
P 125 (TR ) B9 LU 7E 20°C Pk 32 500, 28 )5 H]
B, 5 R (L ( FE38-FiveEasy Plus™ , Mettler-Toledo,
) W E 25°C 42 BOm i i 5 . RIS A
(NH, -N) FIRE A (NO; -N) &2 4] 2 mol - L'
KCl iR 4 3 (LK I 1:5) SR 5l i i 22 it
AL ( AA3, SEAL analytical , 722 & ) I 52 ¥ ¥
NH," -N Al NO; -N ¥ fE, Z J5 R 4 3= 4 W 7R FR
NH,’ -NFINO, -N¥ & LA F + 38 &5 /K b5 L 3 v
NH, -NFINO, -N & .
1.2.2  IEDIRESEARINE

- IEILREITF I (soil basal respiration, SBR) F1i75
SIEI ( soil induced respiration, SIR ) # 3R /&2 R Ge
SEUOUER A PP 35 CO, Y7 A R
REY. M5E SBR ALK HIRE N 10 g i +7E 25C T
Ji¥E 48 h, Z 5 fd ] Li-820 CO, 43 Hr{X (LI-COR,
Lincoln, & [#) I & 24 h 4 CO, 19 RELEE. M%E SIR
MR K 10 g B 1 10 mL JC B B BHE 1 iR
V(1. 2%, L5380 72 25°C TWEE 4 h J5 & A0
73 h CO, My t. HIEMFIREHRELL 1 ¢ T £ 1 h

CO, 1 C Wy

T AW B 1k 3 2 ( mineralization rate, MR) Fll
AL R ( nitrification rate, NR) B 58 2= BR f] 55
SEUTIAR R AR . HHERE S BT 25°C
TEIRIGFRAE ISR 7 d J5 , LAAH TR A J7 0 e + 5
I NH, -NFINO, -N 7 5. -3 85 57 5 TCHLA
(NH, -NFINO, -N) & 2 9l £ 0] 4 19 LA 75 7
BR LGSR R ED R N A AL 58, NO; -NEi FR 5
B Z A R i FEBR LA R 0 ] BD Sl N
e

SRV M E T - SE KB (urease, UA) | 1
Wl (invertase, TA) | B- 1, 4-N-Z. Wk 75 B e b g
(B-1,4-N-acetylglucosaminidase , NAG ) Fl fisk P i iR
fif ( alkaline phosphatase, ALP) X 4 Ffi jfg 4} i, Hi
HEHG S 5 - HEORET  IRRRN NAG 29 T
VEF , BPE BRI 2 5 IR IR IR, R Wi SR
HEPR LL (LB 89, 5 PELL 24 h g 1 g 5 1 h AR
FRUNHL] N g B MBI 1 21 20 3k
BRI RE A L 24 0o 1 g T e
JHTEPBE G me RO ANAG [ R 9G A Bl T I T
SR Bai S R DT I G LR R
THIE 0. 5 g fif ek 7E 25 C F 197 3 b RSO
RS IR A 7580 1 g L1 b 960
JIEH) 177 A (imol ) SR AE PRI A 15 1.
1.2.3 Hdageitathr 5e ik

TEEAFR KR 95% B A4 T HIF D 3R J7 2243
Fr#l Duncan 25 5 LG50k 53 B 38 B AL 14 52 A1 2 g

BB ) 50 1 2 B AN [ e A 2 22 T ) 22 S Al

JH A B5 43 B ( principal coordinate analysis, PCoA )
MZ It & e J5 22 53 ¥ ( permutational multivariate
analysis of variance, PERMANOVA ) FL3EAS[A] 52 2
TUAN [) 8 A2 J2 Th RE AR 22 18] A 22 S (1 P A v
G DIRETRAR VIR REE ) . i1 Pearson AHIC 3 H7
FTCAY53 AT (redundancy analysis, RDA) #ff 5% A [A] 1
e kA R AR e RN A S T RB AR AT
Z B R AH DG A . ) A 23 B 4R S8 A AR B 5 1
TSI B TN TR AR 2 T RERRE 1Y 5
M. T A RIS B SE T AT AL ¥R ] R 4.1.2
(https ://www. r-project. org/ ) FA45E R, 43 B Fe il
JH Adobe illustrator CC 2019 #£47 T 1ifk.
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NO; -N&Z M A JZ2 CJZZHE T K, m C/N
BT PR R 2R A B 2 CJE Ky
A RAEMIR RO L ACE 5 18 C JRILF- ¥
AR EER

TE A JZ e € A 9 LD RE SR AR 2 2 3
TRIFERR, MIAE C JZ A FE A B T IR A g

AR TS AT T o JE R, AL DI RE AR AR I LA
BF S RV RE R X T 4 ST EAY R H
P T A2 23T €2 R REE AR A9 R M AR
NCONAJZER C T AT B RESE ARAR B 2
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e

*2 ITEIEARLZLEENEASHEINIEIEIRD
Table 2 Physicochemical properties and functional indicators of different horizons in soil profiles
B EA S SN @I Eie FE R AJZ BJZ CJZ
4 [SE S X 7.99 +0.56Ac 8.23 +0.59Ab 8.48 £0.58Aa
(SNSRI 8.08 +0.50Ac 8.3 £0.51Ab 8.79 £0.49Aa
of FHAKR(SMC) /% Lﬁf%ﬁj 44.06 +17.95Aa 23.95 +6.25Ab 18.34 +13.48Ac
i FETL 15.72 £10.17Ba 15.22 +14.14Aa 13.42 +12.14Ab
. [EE S 50.97 +21.81A¢ 17.23 £8.13Ab 12.68 +10.98A
Wl S (TC) 1/g-ke ! A ’ ’
i FE L 24.29 +8.93Ba 21.65 +7.81Ab 20.2 +12.09Ab
[SES 4.16 £1.7A: 1.26 £0.68Ab 0.64 £0.52Ab
o[ ZA(TN) ]/g kg™ Tﬁﬁ%@ ‘
i FETL 1.37 £1.13Ba 0.98 0. 86Ab .0.88.#7T. 09 Al
. . r i 0
BRA C/N T% E ) 12.15 +1.34Bc 16.105'+9.9Bb 21.92.,.+2.,4. 13Ba
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Bl R A — P R R RUAR R L8 4B 2 2 BIfFE R E 25 5 (P <0.05)

2.2 HHEDIRRREAE R SRR L R AR A

PCoA 73 HF (/& 2) 1 XF Ty BE 45 1F 22 7 1Y
PERMANOVA #5565 (3% 3) 45 R 2 B, A [R] 5 S Y
TR REFIE R A D AR R 2E T (P =0.075).
PARRRE S Y - JE D BB AR AETE A J2 TP A 7E i 35 22
F(P<0.05), 7 BEHERLGEH (P
0.048) ,1M7E C R EA BEXES (P =0.797). [
B, RIEDIRERE AR A Zh 2R BE (P =
0.003) , L HIZTE A J2HI C )22 8] HIE S RERRAE 1Y
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a0

MR AE B JZM C JZZH 22 %A B3 (P 4 0. 376
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LT 5 F A (D) BEFE bRl 2 0 3 1 IE A GG
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Table 3 PERMANOVA on differences in functional characteristics
2 . o
o among soil genetic horizons in different grassland types
S it R Py
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2R 3 4 B 52 ) 5 AP S AR ) 52 2 22 1 R AJR vs CJR 0.473 0.001
A A2 5t BRI DR AL B2 5 (P <0.05) BJE v CJ2 0.073 0.376
N T PR - AZE vs. BJ= . 394 . 001
B2 KA R R TR R AR N SR BE 039 0.00
) .y . ) . o [HESN AR vs C2 0.472 0. 001
Fig. 2 Principal coordinate analysis of soil genetic horizon
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functional characteristics in different grassland types
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Fig. 3 Pearson correlation analysis between functional indicators and environmental factors in different soil genetic horizons
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