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Effects of Avena sativa biological sand barriers on soil
carbon, nitrogen, and phosphorus contents in
alpine sandy land of Qinghai Lake basin
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Abstract: [Objective] The soil improvement potential of oat (Awvena sativa) biological sand barriers in the
restoration of alpine sandy land were evaluated in order to clarify their regulatory mechanisms on soil carbon (C),
nitrogen (N), and phosphorus (P) nutrients and their ecological stoichiometric characteristics during a two-year
planting period, and provide theoretical and practical guidance for the ecological restoration of desertified grassland

in alpine regions. [ Methods] Typical alpine mobile sand dunes in Qinghai Lake basin were selected as the study
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area, where oat biological sand barrier plots were established. Soil samples were collected at four key time points
over a two-year continuous growing period: before sowing (‘T,), at the end of the first growing season (T,), at
the beginning of the second growing season (T;), and at the end of the second growing season (T,). Soil carbon,
nitrogen, phosphorus contents and their ecological stoichiometric characteristics were determined at different
growth stages. [ Results | The oat biological sand barriers significantly increased the soil organic carbon (SOC) and
total nitrogen ('TN) contents in the surface soil (0—20 c¢cm) , while the increase in total phosphorus (TP) was
relatively slow. In the T, period, the SOC and TN in the surface soil increased by approximately 18.2% and
29.3%, respectively, compared to the T, period, and the SOC and TN in the deep soil (20—40 cm) increased by
56.8% and 27.0%, respectively. The available nitrogen (AN) and available phosphorus (AP) contents in the
surface soil increased by 19.8% and 72.7% , respectively, in T, compared to T,, while soil pH value decreased by
approximately 15.0% . With increasing planting duration, the C/N and C/P ratios showed a trend of first increasing
and then decreasing, while the N/P ratio showed a gradually increasing trend. Mantel test results indicated that
SOC, TN, TP, and pH value were the main factors influencing the stoichiometric characteristics. [ Conclusion ]
The oat biological sand barriers effectively enhance soil organic matter level and nutrient supply, promoting the
cycling of elements. Additionally, they optimize the ecological stoichiometric structure of C, N, and P, alleviate
nutrient limitations, and enhance soil ecological functions. Furthermore, the restoration benefits accumulate
progressively over the two-year planting period, demonstrating potential for long-term soil quality restoration.

Keywords: Avena sativa; alpine sandy land; soil carbon, nitrogen, and phosphorus; biological sand barri-

ers; ecological stoichiometric characteristics
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biological sand barriers in Qinghai Lake basin
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1o JE VD b 4 R U ELAF R T T Y 3R 43 B R
A B B, RN R A 1 5 BUR ) 24 1R JE VD A
Bk A AR A T Rl TR Y OC BB A R T

AW I K B, BE A MEFZ A W) > I oA I TR] A 3
i, 38 R A BLER (SOC) 4 & CTND & 1 i 32 18
LRI R ARSI M R RS SR T
K AT i 55 P A 0 400 MG A P A K B B 5 43 1 R
SR DA B AAE W w0 R TR KRR G R A OG, 1 R+ 1
TR SOC, TN, TP & & B B0, 1 7 T, i 4,

0—20 cm 1 20—40 cm + 2 SOC & & fl TN & & 41
B T Y4 75 18.2%,56.8% F129.3% ,27 % , %M
e 2 Vb s ELAG S 30 P PR A - R SR AR BT
PP AE YUK S A IR Ay e RE R R B
WREEBRGE TR EEZ G TAHYE SN REE, b
Y5 Jiang Haodong %51 7Y 1 e € DX AH Bl Wk 52 A 92 45
W, MM, = FEVD b PRI A IR A A K T
AE T SO P 5 A 1Y) o3 file R A8 HIHER AL A LR
Ak T A K 2 300 P o BE S TR P S 0 3R 0 R T R Y
1E 20—40 cm )29, 15 SOC, TN, TP & th A i
3G R VR IR E E R AR R
B e 27 AR RIE S AN AU BR T2 R 2 M 5 8
535 0 AT B TR MR )= R ALy, 3o
AR+ HERAEIERE J1 X 5 Zhou Wenxin 252 1E 5 A%
LY e A A N TR A AR B, 13 SOC A
TN & 19 00 i) 25 2R [, I 36 22 A ) v B A v 1R
WAk e B b i KR RE o (R T B0 A 4
TP & &8 T B W B9 82 4T A 1 2, JL )5 15 AT RE 2 Hy
T b v B R R 2 AR R R oAk D R AR
Wy orfiit | TS 52 3 i FE b X IR TR A T SRR R i
U 3 B 4 TP $ T SR G218 . R, 2 VD B AROAR
R S+ A LR B R A RZ AL 4D
IR A e HE TE K B 0TS R A0 1
W Rk T E DR R R DA SRR EET
TR it , (E B 1) R R ATH 9K 32 BN A R BRI -
32 AYvEMIEASKEITESRNZME
+HER) C/N,C/P, N/PRAESREF MRS
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JC R 6 R R0 Y B B AR AR, RE 0% 3K WA BIL T 43 i ik
P v = 48 55 o0 0 A6 5 A ) 0% 2 2557 di R e
AW 58 G5 R W], e 2 A W) VD B 04 ok B X+ 4
C/N,C/P,N/P ¥ HA W 3E 52w, Ui H X + 3 4B 8
feaf it i L B B AR A . AR IR E 2
X N/ P AEFE 3 52 M0, 6 B 3 A b2 it i e As
A 37 3 Bsf [i) 28 1) 52 ), 38 52 1) - 8 T 1 40 A 25 5 1Y)
il 2

JAEHEEE b 3 C/N AN C/P 3 e AR5 T
e R B ) U R R B B T R] e 22 P A K 0
SR AT I SR B, T T IR A 0 5% 4 T A, 0
S AT HLAK 1Y R B H FE K R [A) A0 PR BE 2 68 1 AR
M ZE AR, C/NMC/P AL EII N T, a5
B 55 A B T R WSO A, DT 3 B a LG R o
Wi o5 ol KL R[] 1 35 o, 386 282 4 0 e A ) o A 5 AR B Al
BEHCZ A B, A LR & R A R {2 4 C/N
FC/P AW I, T 2F A R i AR RS . Ik
Ah,Rocci K SZ BG4 H , Bifl 25 oA s ) 34 , A8
PR 22 B R UR B 1 2 BB RS TR TUE M — 0T W T
PREIE R, or DL S R T 4 C/N 5 i i

AT, e AR R GE B TR TR AR PR 5
ol A 00 B4 AR B 5, A A R R A ML SR G 4 A L 384
+ 8 C/N. TEAT L ZH,0—20 cm -8R C/N 7
T, 18 T, BB A F B (29 4.8%0) 1 20—40 cm
13 C/NAE T, % T 20 17+ 17 18.8% , H T,
BHIAS [R] £ 2 0] C/N 22 5 0 2% . b M 38 22 V0 B 1
T RE 5 52 W TR )2 - I T R R 0 T )2 LR —
FEMBRIEM. C/NWhEAZRALWIEET BT +
R UG PPN DR T R 5 AN Al T R Ay
U 5l TP i b B, 3¢ B 86 22 28 W v B 7 {12
R FEVD b SR A IR ML S v B AR .

XPC/PME, 5 T 0 WIAH L, T, 0 4] C/P 7 0—
20 cm Ml 20—40 cm £ 2 f 4 #8 & T 15.3% Al
85.5% , Horp AE T, WU [A] + B2 R 22 = 0F A B %, B
FEREARFP A o R b, S Bf I R B . R C/P X
o L Fof K g 7 B AORR T A 2 DY 43 5 S i C/N
W4 . C/PAE T BT A4 3 fin vd ] B 0K e 22 v s b 2%
P A HLOR B, H i T i 7€ M X B £ 2ok A B
Jo R AR B A 4 0 0 4, BE 0% R 0 B4 5 0T R RAIE , AL
T A A5 C/P A8 T,— T, iof 391 38 e 398 K | 3 138 B 88 22 v
B 2R G i B R AR 3 T A R R
C/P B TF i AL B A 5 X+ HE ik 119 5 A BE ) %
VT 1 i o 3 ) b A A Wl B A R A FE S AR
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5 C/NHIC/P A, N/P FEV> B Fh A 1Y) 2 avh &2
B IS ok TR IN/P R & T T,
Bf 83,0 T —T.BHAN/PYE A B 2255, N/PH
S A A X S48, 3R I 3 R R UL N e ) AE e AR W i
B (1) T T i 32 3 i, R PR A BT 28 A L (A 32 R
WA ROR 5 BT AR BR 1, B0 N/P LA AR ki
HHIG o BEA, RE B TR R R R A g A
Pl BE RO B 2 FEON/P R S 18 5 1 1
B FEARL)EF O N/PEANEER, XH5HAE
BAEEESMEEBS TR MR R BV EEREH
o, T BN/ P 7E - 58 TE B 7 1n) g kAl .

C/N, C/PFIN/P W21k W], B & e 22 Vb e b
AL HSF T 0 3 o, o SE VD b A A L L B OE Al
B NS JE RS A3 O A RS 38 W e ) 5% 3 B BRI
gitesr . Hb, C/P 3 T Ul e R 2 B Rr
T HEFE S R G A EERR IR & i C/N 5 N/P
(18 B0 35 D) 3 BH 5% 430 PR 300% 0E 15 28 i
33 mEEMPENLTEpHERELFSATIE
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A 58 45 R R W IR XU b R e 2 A Vb
B | 2 AR I [R) K e RE 08 35 R i+ HE pH A .
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WY 8.9 T IR 7.57, v g J& I O &2 JLAR R 1 o il
T RECEE T A LR IR U R AL AR T AT
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Mantel test 73 A7 45 5 3% B, e 22 A= W v B 1) 36 B
AT DL 25 AR o FE U b A Rl R A S Ak
It AR SR BT A DGR B

£ 0—20 cm + Z i, -3 C/N 5 4 5 SOC,
TN, TP,pH BA B EWMHCH., &k, 8 C/NK
PRI EERE T L SOCH TN H R, Hikd 2
) 4 5 pH I8 WAE A . 7E 20—40 em )2
L, C/N EE 5 SOC FI AN A6, BEIE 2 C/N
B T AR FR 1) T e Al R 1 A LS A R AT BT Ak
REDYHBERL o 3k 3R WY e A2 V0 Bt 1 AR B 4 775 2 BB AN
ETRZ L, e — g LUGERE LK
AMEARAE X S5 EMRE IR R 3, %
A 0 AR R 3 Bl DL KA B Y s A2 R e 3 C/N
AL EERN K, 7E0—20em + )2, £HEC/P 5
1+ 4 SOC, TN, TP & & 5 3% 1Y 1E A ¢, & B 1 4
C/P & AE £ 5 SOC, TN, TP % 3t [7 1F J F i 48 1k
1, 138 C/P By A8 A6 W] BB 2 B T A LT Y 46 A DA T
2 A BT Ak ik B2 1 T 52 e B A A3 00 T 43
fit A e + 58 C/P L, iX — 455 5 Yang Xueyun™' [
ERECE S

£ 20—40 cm 2, +EC/P 5 pH E 2 W
FOE A (p=<<0.001) . pH H T K&A B T 5 fik £k F¢
T, DA % i DXL B g A PR T T R 1 C/P AT i
BIE B . C/P 5 pH {H Y 5 AH OGPt 36 B pH (8 19 28
Al IR V0 B 52 ) - 3T R AR Y G BB A . 0—20 em
+JEP, EHEN/P L HE AP, AN, TN & & & W %1
FH & (p<C0.05) , 31X 15 1if 3C i $2 2] £ )2 N/P a] L] Wi
- 58 N R P i BR AR B, A 58 R IR N/P R
W+ ez 8] T NFRSIEsie —3%, LI pHME S 11§
N/P 80 % 1E 40 56 (p<<0.01) , & W 4 4 Y 1% B, R
B e vA ¥ £ N/P Oy WA CHEVE A . i 46 35 4
PIWFIE R W] pHAE T FA B T s A R 0 b 2, [H]
2 v ol 1 ] R R, DT CAE N5 P A G R 45 56
Fo WA, EHEN/P S 1 pH (H Y 1IE AH 56 6 R ik —
AW, A R P A R A A R B A 45 O T R R
FEAEH . M TN AR+ JZZ A1 i b AR & 2
FEMMEH, JLHAE C/P 5 N/P b & 3 9 1E #H 56

KR, RUFEL LYV R 2 F H I AR
TR, [ B 22 £ - 19 0 BR ol g AR 100

g5 LR M AR Vb R R AGE o e
HL T R 2R R i A A R s 1 B 3R 4 R
177 L 38 Sk 8 1 b 00 B A T R AR A AL R
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(32 B 2 X 2 DR 3R 0 o AR HE A ML A (3R A
3 3R G IA 85 A% R 1 i A 3 [ 4 B - A S qk
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4 5 8

AT L I T 3 4 e S D Ml O X 4, 3 A
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(1) e vb W e 08 75 A ) N 18 35 4R T 3R 2 (0—
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o FE VD LIRS
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TR AR .

(4) SOC, TN, TP K pH {8 & 5 i 4 38 3 = 5
fEZAS Ak Y 2P - e S D Bl o 4 5R A HIL BT
VRS R SRR B AR D B A i R R R K
3 4 C N, P it 4 ny 224k .

e A= Wy VD B A oy JE v Al el A 2B R )
BB, R B EM SRR MAESREY K E
RURE o HAE A OUA A $2 TL 35 03 & i, B AE T
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