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Changes in soil carbon and nitrogen storage during desertification of alpine

grasslands and the driving mechanisms
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Abstract; Grassland desertification is an important issue in grassland areas. Desertification process not only results in the
appearance of wind-sand landscapes on the surface, but also causes a significant reduction in vegetation cover and soil
production potential. Grassland as an important carbon and nutrient reservoir, desertification process may also have
important impacts on the changes of soil carbon and nitrogen pools. To investigate the influence of soil carbon and nitrogen
storage during alpine grassland desertification, this study used spatial sequences instead of temporal succession to
investigate the variations of soil carbon and nitrogen storage in different depths and the variation patterns of productivity and
soil physicochemical properties during alpine grassland desertification in the northern Xizang plateau. The results showed

that; (1) The lightly, moderately and severely deserted grasslands showed no change in soil total carbon and total nitrogen
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storage, while extremely severely deserted grasslands led to sharp carbon and nitrogen loss (69% and 55% decrease,
respectively, P<0.05). (2) Above-ground biomass of the community gradually decreased with the aggravation of the degree
of desertification, and the root biomass of severe and extremely severe desertification grassland decreased significantly (47%
and 99% , respectively, P<0.05). Soil bulk density and gravel content showed gradual increases with the increase of
desertification, while total carbon, total nitrogen content and water content gradually decreased, indicating that the
desertification process led to coarse-grained and infertile soils. (3) The Shannon diversity index and Chaol richness index
of soil bacteria showed increasing trends with increasing desertification gradient, with significant differences in the severe
heavy and heavy desertification gradients, while these two indices of soil fungi did not show significant differences along
with the desertification gradient. (4) We used structural equation modeling to explore the factors that drove changes in soil
total carbon and nitrogen stocks during desertification process in alpine grasslands. The key factors affecting soil carbon
storage were mainly soil physicochemical properties, such as soil gravel ratio, soil water content as well as plant
aboveground productivity, while those affecting soil nitrogen storage were soil gravel ratio, water content, and soil microbial
richness. In conclusion, the factors affecting soil carbon and nitrogen storage during desertification process in alpine
grassland were mainly soil physicochemical properties, while plant community production had less influence. Moreover, soil
carbon and nitrogen stocks during the desertification process showed a sharp decrease in the transition from heavy to
extremely heavy desertification, so the early protection of potentially desertification alpine grassland is more conducive to the

maintenance of soil carbon sinks.

Key Words: desertification grasslands, Xizang plateau, physicochemical properties, driving factors
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Table 1 Description of different desertification stages of alpine grasslands
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Desertification Community . Dominant plant
No. Species number .
type cover/ % species
N AL (Stipa purpurea) % ZE W 3% ( Potentilla multifida )
1 U3 64.0+4.90A 8.6+1.35B . e N X
At 49 * THALE ( Microula sikkimensis)
) R, 32 8+4.12B 10.0+0.63A 7P”+;§H( Carex montis-everestii ) , % 23 3% . 2F- 5 ( Festuca
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3 HhEETME 22.8+2.99C 4.8+0.75C BIWEFE AT BRI BR (Poa crymophila)
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5 WE VL 10.4=1.96D 2.2+0.20D PRALEL P EMlZEE (Axyris prostrata)

[El—F8 b5 T A A TR A VAL B BeA 71 2.3 22 5+ (P<0.05)

http ; //www.ecologica.cn



i

15 1 ST AR R YDA A e SR A T B K S AL 6645

1.3 FEACRIES D TTE

FERIAE VR PR e £ 5 BRORETE 2017 4R AR RZETTRE  TEAE W A= I IE ST (8 1 vy ) #EAT . SR A IBURE D7 v
JEREDT I HETT RS D9 0.5 m x 0.5 m, O 1 S ERR A SR S B R A 0 0 1 B AT BR 22 R D7 34 A
25410 em x 10 em MEAS . FATTMEYIEE 20 b b0 TR 5 RE 7 PR AEAR B0 Kl de e it AV A 55 FE )
PR 73 a5 BE 0 SRR I RE L P H B A ABL P o R4S W o 0 5 B2, A B BECEE A2 5 U, RETE AR SE U, 23
Fofr 5 b TG B HCRES W A B 53 00 0 TR R RO AR AE BN [ R B R N RS . K BT IRUS
R 0] SE 3628 T 65 CHET 48 h JSAREE , A MM o B A=Y i RS TR 4 % KT A IR Y
A AN, B O R v K P AR MR AR W A IR BBORRE R AR VE TR T SE AW B R DT SE ORI
20 emx20 em M HAE, HFEH =230 REE 53312 0—10,10—20 ,20—40 em,, H TR FERLJR X + R EE#%
e, —MAE 50 em DA, AR B8 — AR AE 30 em DL BERATRIZI 40 em LA A T3 3EA 7B RS B LA L
PR PE BT E o A2 R 2 mm G R AR A ST R AR 0] 5200 VS K U I o SEAR A
HATIF BEH IR AR E T 65 CHET 48 h B AH S FRE , ARAEBURE I BUC/ MRS N BEE R B i )S
(8 ST KT FHERIE SRR SR 5 100 07, 3447 JHC A AR M B o

TR TR AR TNEATINGE , LIRS KRS S K, E TR I ik, HaERR A & R
MRFENE , LA>2 mm B BRE 58 R g0 LU BRI 0 oS a A U3 B 5 >R ST R 20 B )
AT, 3 pH AR A AR TN E , £k He ol 1:2.507
1.4 IERA YRR 4o

X T R ERE WA WA R Y BEBILIE % 5 M EREE HAEIRIR G2 ME h— D es T MO
BIO Power 7 &.( MO Bio Laboratories, Inc., Carlsbad, California, USA) 4355 $2H+ 3+ DNA, i 515F
(5'-GTGCCAGCMGCCGCGGTAA-3") il 909R (5'-CCCCGYCAATTCMTTTRAGT- 3") 4 Fft i FH 51 ¥ 4™ 14 440 14
16S rRNA ,ffi H ITS4 (5’- TCCTCCGCTTATTGATATGC-3") Fl gITS7F (5’-GTGARTCATCGARTCTTTG-3") ¥~
HOECRE ITS 26K, ¥4 4lifb)5 19 PCR F“¥I7E TruSeq® DNA PCR-Free Sample Preparation Kit( Illumina Inc.,
USA) BFATIF . (] FLASh(V1.2.7) MR G B BHE 7 50 #E1 T 9542 . FH Usearch 31 (v8.0) A x5
P9 A B LA AR . IR o ZREERAEGUE YRR E 4L LA B Rl o A 25 5, ORI 9T 1158
AR 0 5 BE I Z R 730 ] Chaol $8%UF1 Shannon $8 HUOREAE
1.5 BdEitESgit ot

KH T mEARTHE B8 (STC, g C/m®) A% (STN,g C/m*) fiti' .

STC = Y, D, x BD, x STC, X S
STN = Y, D, x BD, x STN, x S

X, D, BD, SOC, STN, .S i 7R L)RIEE (om) (IR (g/em’) | LIRS (%)  LIELE S &
(%) A IEHFETE R (cm® ) FETHC A 250

SCPRIGETT I BTR T SPSS 24.0 B AR AS RV AL T BORE BIRE P AL | 33 5 A K% - e e LA i
A2 S SRR R Ty 2200 5 s o FIJHGAE RN R ERRE VR RAE | B AL 1 5 T Sk 4>
Aft B EATING 0T, SR DT RRALP RV AG A ) A 7 0 - SRR X v FE B YAk AR b SR 2R
fift it A LRI S ) A R 5 R g R DA e B R e M . 4500 7 BB AL A P (B K T 0.05 LUK
INBIR T . TEIX AN B v, — SEOR G 25 A B A DI T T UK, B BN A B Ak 5 A O R AT A 43 A
AMOS 19.0 ( Amos Development Corporation, Chicago, IL, USA) #47, ARG B E M AKFE R P<0.05,
F P REAR S A/ VR 5 B R, SO P<0. 1 WA A RS 2 U2 SO i B 24 1 R
Origin Pro 2017 %A,

http ; //www.ecologica.cn



6646 EoOE O ¢ 44 %
2 BEREHH 0o r
80
21 HEEYE

Bl 2 VDA R B A I, o FE R AV b b Ay i 60
BWRAGES . 5ARUH B E, | T A
FEVDAR B B 1 A i 43 ) i SRR T 61% . 72% il
93% ., b AR REIE R BRI N AR Y B A
TR R TR B B S S BRI R A SR VD A R 0

40

20

A
Aboveground biomass/(g/m?)

FALE S B T 479% 1 99% (K 1) , T 100
22 ISR AR m\\; 200
SR, FIE (010 em) HHLRB: REMEE  F2 5
RIERR R BOR R B TR MR 5
VLB SRR T 21981 59% (8 2, P<0.05) ; ;%" w0
WFRIZ(10—20 cm) FIE)ZE (20—40 cm) + 3 S BRAG & = w0 L . . . .
S KA S BUAE 5 BE VBB B TR B BE VAR B Bt 2 B CK LD MD HD  SHD
1% 449% 1 59% (1] 2,P<0.05) . LML I TE R AL Desertification stage

RKZM I MR, MR)ZN RS A s AN E 1 RS RS RSB P T BTN
FEVME B B R, B i (0—40 cm) 4347 Figl Changes in community aboveground and belowground
B 5o U0 A M L A o A VD B biomass during the desertification process in alpine grasslands
| o e . o CKORUMERHL LD RV RB B MD , H B2V LB B HD , B BE
B SRREHLE R, MAA BBV er;g%t s?m,*@;mr;g%;mau:2$a4ﬁ;%wm&z
3 R FEAR T 69% 1 55% (18 2,P<0.05) . -
2.3 AR T RO S R R ARG R

Bt VPR B ) IR, - 9 2 R B T 0
o SRV AR HAs , H1 R AR S VAR B IS I T 16% 1 19% (% 2,P<0.05) , 4G

12000 -
T AL IR ;
E) 1 Ridfe A A
w3 0T B RE N
2P [ et : A
2: B ' H
Bz o000 - N HUHEVMAE .
HE A
g AA A A BB, ; B
Z 3000 | B BB g :
0 :
E ADA A
en '
= 900 | H
: A
= e
= g H
&2 6o ;
=] i
il A A
£ ABA AB B A AT : B
£ 300 B B2 5 ;
0 :
0—10 10—20 20—40 0—40

+ 2% ¥E Soil depth/cm

2 AEDUMBEESEREBTESR SAEENTL

Fig.2 Changes in soil total carbon and nitrogen storage under different desertification stages in alpine grasslands
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Table 2 Changes in soil properties under different desertification stages in alpine grasslands
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. . . . . . Soil gravel . Soil water
Soil physi- chemical properties density/ carbon nitrogen Soil pH
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(g/cm”) content/ % content/ %
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Fig.3 Factors affecting soil carbon and nitrogen storage in alpine grasslands
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Table 3 Changes in soil bacteria and fungi diversity during the desertification process in alpine grasslands

LR B Kbk REE K TP AE L e T ML
Desertification stage ND LD MD HD SHD
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Soil fungi Chaol FE& AL 1764.14+269.05A  1597.73£130.65A  1697.28+359.91A  1511.68+141.64A  1748.50+216.88A
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Fig.4 The correlations between soil microbial diversity, richness and soil carbon, nitrogen storage in alpine grasslands
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Fig.5 Factors affecting soil carbon and nitrogen storage during the desertification process in alpine grasslands
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