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S5V HRAS),

1.2 R X

TR0 M A T B B 22 A A R VD kR
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K 168.5 mm (£ T 5—9 H ), 4F 78 & 1 3 249
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1.4.2  FEXUE DRz
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T4) 5% B4 CK/NIX, #5388 3 SR AE Jy, [F] 25
5B 3RV (B VL A 0~50 em, IF 1 T AR A
0.1 m2),F2025 455 HA10 H 432k 15 d, gk
VAN VDA, 2 BT A B R BE A 105 °C, I
24 h) Ja FREE 3 0~50 cm + 2 AU ET Vb
i/ MR L R YO
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A QTR (kg-m™-d) ; WHEWE (kg) ;L
RERVMAGHEVD T FERE (m) s AT R EHE] (d) .
NI ER I g (h)
q(h) = WI/(S-AT) (2)
g (h) Ry & (kgem?-d!) ; WRHED &
(kg) s S AV AL (m*) s AT R BF ] (d) o
143 TIEHRIN
A R A A SRR 0~10,10~20 cm + )2 +£E,
H AR T 5 4 2 mm i, R BOGAT 9RE R 43 A7)

(#BH7 2~0.05 mm, ¥3K7 0.05~0.002 mm, % #7<0.002
mm)

38R E 5 ATHL : R 4E 0~10 cm . 10~20 em -+
J2 AR R T % IR AR Ak — A A A LB
i, T E WY (Vario EL 01, 72 [ ) il A #LE% . TS HL

Hofth 3 PR AL A R (pH A L L SR R
RO AN ) R AE 0~20 em + 2 AR, 20 9
pH T L A0 2 -3 1Y pH B AT SR (6. 50 3
iz Y B Ok kIR SRR - B B O R
2 KM NG BE 2 I A v SRR | RO |

o o it
2 ERSOM

2.1  TEHVRE AL

e 1 AT, 25 Ab BRALRE 7 A T o 1 EARAT
TR N Y)Y B T CKAE T (P<0.05) , A
FIfEE L T .

R1 FREBEFERREFE

Table 1 Vegetation restoration characteristics in different sample plots

. T WAEBE  WAMEBE  SAERE O EAMEER miAYE wrAepE BAYE
- I

1% 1% /% /% /(g'm™) /(g'm™) /(g'm™)
CK #7J5 A 1] Xof 1A 2.17¢ 0.00° 2.17¢ — 0.00° 0.00° 0.00°
TALBRE TS LAl e 49.33° 27.00° 76.33" 79.33" 23.38" 28.14° 51.52°
Al b 4 50.33" 22.00¢ 72.33" 71.67° 21.50° 23.56° 45.06°
i I) U 27.33° 0.00° 27.33¢ 8.00° 5.27¢ 7.23¢ 12.50°
AR 49.00" 32.00" 81.00° 85.00° 38.32° 53.75" 92.07°

T A AR NG FRER R LR 22 5 .35 (P<0.05) o

I RO 55 BRI AR A VD 5542 (50.33%)
> [A] 4% 5% (49.33% ) > [ AE 75 (49.00% ) >z [|] P
I 2 (27.33%) ; W K 8 55 5 DL (R A6 B I e
(32.00%) , A [8] PUSHEERE Sy 05 25578 2 B AR 1) 4
& (81.00%) > % [a] 45 4 (76.33%) > T [a] 7 455 &
(72.33%)>Hx ] USRI HE (27.33% ) -

TR 1 % M a) A6 7R (85.00% ) > AR (1] 4 4
(79.33% ) > ] 70 453 4 (77.67% ) > Bz ] P 38 35 38
(8.00%) o X% By i it itz v b 5 - 9 ek | 5
PRIV, &5 A A o g, o IX e Ak v LA
U AE R o MBI AR R [0 25 B Al ] v 45 A 3 L
7 At 1 T T RTHE AT R, B S

BEPE AR XS AE B, IR AR X AR 2SR 2R
PP I T4

A AR AR R AR (92.07 g'm™) >4 1]
P4 (51.52 g-m™) > [A] VD 45542 (45.06 g-m™) >4 [A]
DU EERE (12.50 g-m™) , HAR A6 A9 | R A=
WYyt 35 Sy die i, 2R WX R AR AR ) J 4 A )
THMY TR,

TR G S T EARETE R BAEY R 3
YE S T AT AR Y, 10 B HGE N M A
X VDGR XA R SR PR B A B A )3 O, T
YERHAR K A S G R E A . DU ERE R
2%, ] g H SR A EE N A O R
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eI P AR B AR AE 2
22 BRED R

FH 2% 2 AHT, CKORE 7 RV 17 2l Jnb 35 R 45 Ak 34
T (P<0.05) . CKFEJ b B FEkm bR K
YIS 526.52 g1 253.02 gem~'+d"1.561.10
grm~2-d"", Ty A L B 7 45 AR B I AR (R
89.9%~96.9%) o X & W A= ) o R it it V0 s 5 - 4
e R R B R 6 DX S B A K A B AR A
FH B KUV RO0 ik 2

HH 2% 2 W LA H 45 A B RE 7 YA [ AR A X
255 W 2 D B UM ) A8 R e IR (15.91 g) , A ]
VO3 R e 5 (42.49 g) 5 B TE i Vb 3 5 KD 38 AR
[i) 0320 Ve B ~ i B] V0 45 <l (B AL e <M [l A 4 . 25
GOKE AL A I 4 AR AV 35 A A VD
B1<18 g, B U VD RSCR B R BT, F WA (R) 4B 4
GAALTE 7B~ T N Y S = o S S R R DR A e =t 1
FEHIVER, ATAE R AR DX 57 XU 8 £ e A 4 4 it
PEATHES o DUHVERE A — R (HG A G At
=H CANEEET .

F2 FREFEFHRRDIE BT
Table 2 Characteristics of surface aeolian sand

movement in different sample plots

bt RTERDR Kb

eIy TP
/g Ng-m™-d") /(g-m3-d*")
CKHJr MlE %t 526.52°  1253.02° 561.10°
TAHRETT MRS 16.36° 467.11° 329.05°
LRGN RS 17.23° 44.16° 16.21°
Ml P EEsE 42.49° 46.07° 17.12¢
Ml et 15.91° 102.04° 45.01°

V< SR /NG 0 3R L1 92 57 8 (P<0.05) .
23 TEHRBM

- 358 L 4A X
26 3 I %, CKEE ) 0~20 em + )2 PARMRL N T
(5 16.99.19%~99.23%) , B3 #i4X 0.77%~0.81% , o5
i 5 T 45 Ab FREHKE T 0~20 em 1 2 HMRL & T 55 R
ik (97.61%~98.90%) , ¥3 #i 7 L 42 F+ 2 1.10%~
1.80%, HAR /- E AR B B (P<0.05) o

23.1

K3 AE#EAF 0~20 cm T EEL MR

Table 3 Physical and chemical properties of 0—20 cm soil layer in different

sample plots(soil organic matter and total carbon content)

, N iz b g Fhikr HHLE H LK TeHLAR JER

+ERE FEJT TR B . . »
/% 1% /% /(g kg™) /(g-kg™") /(g-kg™) /(g kg™)

0~10 cm CKFEH LAGIRORiE 99.23° 0.77° 0.00° 1.25¢ 0.72¢ 1.13¢ 1.85¢

TAab# A 7ES] 98.72° 1.13° 0.15° 3.86° 2.24° 1.89° 4.13°

FE LIRS 98.78" 1.22° 0.00° 3.37° 1.97¢ 2.59° 4.56"

A ] P R 98.63° 1.37° 0.00° 3.77° 2.20° 1.88" 4.08°

AR ) FEAR 97.77° 1.80° 0.43" 453" 2.63° 3.42° 6.05"

10~20 cm CKFEJr AR )% AR 99.19° 0.81° 0.00° 1.08¢ 0.61¢ 0.59¢ 1.20°

TAbH i i) A7 e 98.56" 1.18° 0.26" 3.42° 1.98° 2.04° 4.02°

i LAIRIZ RS 98.66" 1.19° 0.15° 2.80¢ 1.62° 2.48° 4.10°

A B DU A 98.90° 1.10° 0.00° 3.25 1.90° 1.62¢ 3.52¢

M ) £ A 97.61¢ 1.19° 0.39° 4.18a 2.43° 2.79 5.22°

T : AR NG 5B R LI 22 53 B 3% (P<0.05) .

0~10 ecm 1 2, Hx 8] 46 ¥ 25 kL 5 L & &
(0.43%) , ML [A] 47 56 R 22 (0.15% ) , B[] 70 455 4 55 4
[i1] DU 68 35 B TE R 5 10~20 em + )2, A 18] 46 ¥ Bk
i 0.39% , H 1] 475 54 0.26% , B [A] 70 35 42 0.15% , B
(i) DU R VEE FE TC R R o 3k 3 B Al ] A6 4 5 Al 1] 47 4
XoF A 48 o b ol AR TR TR ] DS R R T A R

TR MR A BR .
232 TEEAMRK

3 AT, B A R A Ty T A HLBT A B
TeHLb S St & 1) 2 = T CKFEJ7 (P<0.05)

+ HEE LR & & 0~10 em £ 2, M IA] 26 B
(4.53 g-kg™")>Ha [l 47 4¢ (3.86 g-kg™)>H [a] PU 4 5%
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FES KA AT e b -5 S ke IR 70 P ) e T A e A 3 B A,

AR 738 R J 3t Dk 151) 63

#(3.77 g-kg > E TP P4 (3.37 g-kg ™ )>CK Al
(1.25 g-kg") o 3X B A= Wy i i Vb B 5 4= el
KRB ], A5 Al A, ) X3 3 ke R A B
B A (B AR A ) A S A e AR A R AR

SR A MR AERE (6.05 g kg™ )>HR ] Vb 354
(4.56 g-kg " )>H a1 47 5 (4.13 g-kg™)>H ] PU 1 352
#(4.08 g-kg')>CK FEHb(1.85 g-kg™") ; AHLIK 5T
MUBRAR b 34 5 Shie — B0, HLAR [R] 61 1y i SRR
RO i S o X R B AR W K i R VD R S ek
KA A O A R AT, ) X3 - S s 344 n
B . T3 Ah, A BRALRE Dy b AR IRI AE R AR 2 7 £
Bl Re 1 HE T Oy R B o, Ul I R e i
B v R [ A BB 0, T AR IR X
R AR

A R A - PR 4 R A A B A
-2 A M pH AR TR AR L RO | R A
Bt B AL BE T YA W ek . CK BE 7 pHAE N
6.72, Lok A W B i it VD B 5 -3 BRI i T LA
RN TR HEAZ R, T3 pHIETHE 7.26, 40 T+
PEIKSE 5 A E, B SRl 62.7 pSeem™ #E T+ # 87.5
pS-em™, FET T 39.55% ; SALA A A
i AL B A 6 R Ay R TE T 31.43%.14.29% .
11.29%. X FRAY K it it V0 B 55 38k R 55 P
I T, % DX ek - S B A M ot A — Al

F4 FEHF0~20cm T EHBEHMBAER
Table 4 Other physical and chemical properties of

0-20 cm soil layer in different sample plots

. pH HWFR(EC) #HAA A AU
£ /(wS:em™)  /(mgkg') /(mgkgh) /(mgkg')
CKFEF  6.72° 62.7° 3.5 0.91° 18.6°
TAERE T 7.26° 87.5° 4.6° 1.04° 20.7°

T B [N 5k 3 R 4 ] 22 5 35 (P<0.05) .
2.4 HEBEFHM

241 AR

AT E - ERORIE TR AT R S
(RS ) , ERCBUEAR 07T -m™, ik 600 JC -m™,
F O ATEHBEC L 90 1, FURMM A% 9 R 66.7 JC +m”,
B 57 7 KRR AT R 200 Herg , #E 4 mx2 m R A%
DREFE, FRHAZ) 1.25 70 -m ™, RIEREIEIR I , 1%
THURAEN, BB AME TR+ F SRR 27 G
Fig, LW O i SRR AR 2 R 1.55 70 -m” Ik
TRV RRLEA AR 1.87 0 -m > (FFRIK T 17.1%) , 1

KT B AP EERR T 2.92 70 - m 2 (FEAK T 46.9%)"7,

T HE R AR S (K i)
i o5 L 70% , I EB 43 AR 0 9T cm”; e R i 30%,
e o 22 3 30 URE | AR BEAC AT L 22006 5 ot b B R
Yy 4 w50, B 10 g-kg™', % 4 500 g+ m™ $Uit
TR R, A WAL 4550 - m?, Lk, Y
LYAS, nl DA - 4 e R
242 EYIRKREFRERFRAEAD

A=W SRR VR 7l A PR AR A T AR
T AR 2019 47 47 58 S5 I AR rb AR ) 5K
AR5 24 000 J7 to BT J7ORAE W) I T T
i 200 B HEAE SR 40 cmx20 cm*20 cm i , 3% 4 mx
2 m PR AR B VD 7 %8, 200 Hefit il 7 35 32 m2IX.
o HE AR, 4 E AR 4 000 T m’ AR W) T
SR TG e, mT 7 55 b A AR Y 1280 km?,
W40 1 HAE A A8 A2 AU R T T
243 RERSUSESKEFHE

A= A R VB SRR A AR Y, A
kg T2 ) S ) AR, 8 B = T A I LA AR T
e, HFEE 480K (Pb.Cd.Cr.As Hg %5 ) & &
Y T GB 3838 .GB/T 14848 &, GB 5749 7 fi: [l
(B, ABE L MR A A SN HER™

W2 T i R R X AR AR B, LR
(553 AT B e A 28 R G2 WCR AN 25 1) 26
B g BTG Y R R T SRR AR SR
PRI PR IR 1

3 it

3.1 HhERBHLE

A= W) o it U I 5 e R R ) P ) 80
8T =51 . P AR K % 4 mx2 m 9
& 25 K0 AT T BH A XUV, AT 2 e, L
28 WAL R (4~5 a T iR KAL) W] E K R VD ETRE
TG RGPS (2~3 a 2R3 L HER R K
T At IXUAR R TR 5 B8 8 A - S AT 1, e
oA L A o A A AL A, S W TR (Al
ZEAEHFT R 0 WA 2T 45 25 T RS R A 2 2 F T 11 I AL B
W) iE— 25 s A IR A e s A - RS -
TER CIERE W58 ) AR 2R 53 WA HILIRR AT (i 8 R 77
SR, WAV A 2 A AILST , JB 8 U0 B 1 70— ek R
ISR A% [ 0 1E R AR E R
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3.2 58E/HREIFE

ARG IR T A W) JoT R il /b I Y A1
WE . Yuan 25 1 % AL 7 A ) 5K i b A T
FEAH VD 1t 50%~70% , T ASAIF 5% BF A 56 v Ach P20
FE 7 iy V0 2 R K 89.9% LA b, e BB R4 A (70
B+ R AR B ) (1 SEBR ORI T 81— A4 K Qiu
SEUVRE WA W OB I B T R T R AR
W5 3F — 25 0F 52 Al (] 46 455 2] o e 5 2 7
227%(M 1.85 g-kg" & 6.05 g-kg™) , AIGAR X [E Vb~
[#5 i D13 [ ) (LB TE 0

3.3 MIRERESEE

AWFFEALTFE T 2025 4F 5,10 A PR W , &
KT IR 5~10 a K52 (0L, 431 A= 90 I 0K i e
(1 AR Bl | A MR 122 19 K R AR 34 S e e v
{8 YR LA 5 () B AT R AN [ 7 e I A% R ST (A
3 mx3 m.4 mx4 m)-5 e K5t H & (3 500 g-m”,
5000 g-m”) LA G, i — DOk BAUCR (B
IR B AS

BEAN , Az W S5 IR 8 il B4 R A 1o R 5% T T
S R JRURL ) TR 4 JE ) A (RIS S IR NY/
T525-2021 #5:# , Pb.Cd.Cr. As.Hg 25 [l & £ & %
R s AR M 5 VD R R 0 A5 TR T R AR AT
) X6l HR 5 B KRR BB i, T 45 A IR & LK
IR A

4 ZHig

25 b P A RE D7 M Bk 2E A B I (27.33%~
81.00%) . J#E A A7 % (8.00%~85.00% ) M i Af: ¥ it
(12.50~92.07 g-m™) ¥ 10 2 /5 T CK A 5 s M [B] fE A%
FIFA (L3 BT T5 1 81.00% 716 % 85.00% , A=
Y 92.07 g-m™) , A 5] DU ¥ B NG B g0 XSGR
e [l A Ae

A=W IR i e v i - S R R R R T
A AR A, T R R RIS s A5 A B2
BEJT RV 5 i U R e R VD T 4R CK 4L RE
R R 15 89.9%~96.9% 5 Frf i [a] fE 5 Al [ 4% 5% A
[ Vb 493 AR 2 RO B, S B 3 <18 g

A= I i T v s - S R R W IR T
A R A, T AR - DR E (DL 99.23% [ =
97.61%) , FETHBIRL (M 0.77% THZE 1.80% ) 5 Bk (f
ik 0.43%) 5 L [l As g 4R T - e PR (Fe i
5453 g-kg™) 5 HEBEE R (REA 6.05 g kg ™), o

Je A [R] AL 1) - SR RIR 5 SR BRI e 3

i TB] AL 5 5 8] A7 S A BT AU 7 | 4 Sk )L K%
RN S 7 T 255 R B A, PIARE R U eI X
AR B LA B A

AW OB i 1 U B A AR B, JURL + A 1 2
ALY 1.55 I8 -m™, 3 fift i B A2 ) oI I e LA K
SR KGR A IR 23 TR TR A 2 AR G 2 e WU
AT, A2 RS P51 A 1975 5, SE B T R 5
Wy G e AL IR P - A B 2 A DRI R, AT AE
TR T RS b AT N

SE MK
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Desertification control effect of synergistic utilization of biomass
ash brick sand barriers and soil amendments—taking the
Alxa photovoltaic base as an example

Zhuang Huiyong'*, Feng Yiming’, Yang Yanyan®, Liu Yongping', Ning Husen'
(1.National Energy Biomass Power Generation Group Co., Ltd., Beijing 100000, China; 2.Tsinghua University, Beijing
100084, China; 3.Institute of Ecological Protection and Restoration, Chinese Academy of Forestry, Beijing 100091, Chi-
nas; 4.Institute of Afforestation and Desertification Control, Xinjiang Academy of Forestry, Urumgqi 830063, China)

Abstract: Taking the mobile sand dunes of the 100 MW photovoltaic project in Wulan Buh of Alxa League as
the research object, a treatment group T (arranging biomass ash brick sand barriers between photovoltaic panels +
applying self-made soil amendment + planting 4 shrub species including Hedysarum mongolicum, Hedysarum
scoparium, etc.) and a control group CK were set up. By monitoring aeolian sand indicators, soil physical and
chemical properties, and vegetation characteristics, the synergistic desertification control effect of biomass ash
brick sand barriers and soil amendment was systematically quantified. The results showed that: (1) In terms of
vegetation restoration, the comprehensive coverage, shrub survival rate, and total biomass, the treatment group
T were significantly better than those of the CK group, with the “Hedysarum scoparium between panels” configu-
ration performing the best, while the survival rate of “Atriplex canescens between panels” was only 8.00%,
which is not suitable for planting in this area. (2) In terms of windbreak and sand fixation, the sand transport
amount, sand transport rate per unit width, and aeolian sand flux, the treatment group was significantly lower
than those in the CK group, among which the sand transport amounts of the configurations “Hedysarum scopari-
um between panels”, “Hedysarum mongolicum between panels”, and “Calligonum mongolicum between panels”
were all less than 18 g. (3) In terms of soil improvement, the sand particle content in the 0-20 cm soil layer of the
treatment group T decreased from 99.19%-99.23% in the CK group to 97.61%-98.90%, the silt particle content
increased from 0.77%-0.81% to 1.10%-1.80%, clay particles appeared in some configurations, and the soil or-
ganic matter and total carbon content were significantly higher than those in the CK group, among which the “He-
dysarum scoparium between panels” configuration had the most prominent carbon pool accumulation effect.
Moreover, other soil physical and chemical properties such as soil pH value, electrical conductivity (EC), avail-
able nitrogen, available phosphorus, and available potassium have all been significantly improved compared with
those in the CK group. In summary, the synergistic effect of biomass ash brick sand barriers and soil amendment
can achieve the comprehensive benefits of windbreak and sand fixation, soil improvement, and ecological restora-
tion, realizing the synergistic effect of waste resource utilization-desertification control-ecological restoration.
Moreover, this technology has low cost and great market application potential, providing a low-cost and high-
ecological-benefit ecological governance technical paradigm for photovoltaic areas in desert and gobi regions.

Key words: biomass ash brick; sand barrier; soil amendment; desertification control effect; Alxa photovoltaic
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