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Abstract

Biochar regulating phosphogypsum as an energy plant growth substrate, not only can effectively
utilize phosphogypsum, but also provide renewable energy. In this study, phosphogypsum, chili
straw biochar and switchgrass were used as test materials. Switchgrass was planted with bio-
char-phosphogypsum mixed substrate at 0, 1%, 2.5%, 5%, 10% and 20% mass ratio. The effects of
biochar on the physicochemical properties of phosphogypsum substitute and the growth of switch-
grass were investigated. The results showed that the moisture, pH, available phosphorus and avail-
able potassium of the phosphogypsum substrate increased with the increasing the amount of chili
straw biochar, and the alkali-hydrolyzable nitrogen content increased first and then decreased
with the increase of the amount of biochar. The loads of chili straw biochar between 2.5%~5%
have a good promoting effect on switchgrass growth. The results of our study showed that an ap-
propriate amount of biochar can improve physicochemical properties of phosphogypsum substi-
tute, and thereby promoting the growth of switchgrass. Therefore, in conclusion, our study pro-
vides an effective way for the resource utilization of phosphogypsum and chili straw.
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1. 51§

T8 SR FH RV AN A v B DU i HE TSP [ A P2 4 o AL G 8 R BB A 7 1t R HET K2 5 t
BEAE L], Bk T2 AR A s R Rommt:, N SHMm. 8. K. WEGEoR2]. FkBaE
EHABR G L 38 KR RIEYSEFIE UG E3] [4] [5] [6] [7], HEAARBIAHAEY
JR I R S e NAR[8] [9]. 4T, BEAE L E WAL BOR A R, HLZ5E R 2R H IS, BRI ™ = )
A WAL TP AT RFSE K R [10]. A 7 I8/t A7 8 ot IR E3E ) 60 T S0, 6l A B 8 AL R ) 32 B K v
[10] [11] [12]. T, P8 & A 77 & A b4 [13] [14], WA & P4 B -t K [15] [16], A A E
PE RIS R AAI[17] [18]. AT, iRixLemq &R @A H s A g5, A LEIFRILEMFR
X

BAHBER AR, . 5. SR, OVEYE KB ENET R BT R EAA
NP, DRI A B T A REVRAE A2 () R 5 225 02 T e — ARt R 4. SR A B LA SR
PE. BRI 22 55 Bk, A L BER PR A1 AT O R o AR A B WL S AEAR S BB i 4L <5
T, IR IE B S B B 2 FLAARE, B BORIRE,  TT AR R 1 R R R . BB Bt
MAE R ZA LA TR FEREMEY), FRETIAUR, (PRI 2 . F5 BRRS A i Hhid 1 25 5
TR E, SGEAED A EE . BRBEHRUREAT, 50 KAIERIG Y. Bk, AR F I T e
Yowe, BERTTH BRI CERSFE L0 MR B, SRR B B S IR ME A TR S R R, P R 2 b
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NANESEy-dEN
1‘9[118‘&&{’5?'3*%*%?)?7%% FEAER IR A ER[19], CAF W FC IR IE MR B AL V6 B L S BT 1
RUR[20]. ORT0, I24 AR WAEREA B DA AR ALY 5 5 BIEMIBRR W 7T . (R, A7 00 ZEAF B
%*HEE%?J'% %ﬁ?‘EE BREAC U DA Ry e dE MR RR 2R A, AT DA B RBAURS 1 14 B A A1 42 £t
wZ%.

2. MR55%E
2.1. B

1) MR-k B b AR K 2 Z R A B St TOT, Al “Blackwell” o 2) B ERE
FEARML T AR HEBEA B RS Tkzth. 3) BURSAT R B W B 2L 2R SR EE AT & VR A O R 2
Hoo 4) MR REHBUESATAE RN BRXT, ABENURTE, £S5 Ilh RE. 350 C o TR 2 h,
1L 2 mm JERAR S .

2.2. WHEE

AT R SR A S M T 27 B8 KM I o SEE56 FH 230 000 RSH N SRR I, 751115 em, F 19 4% 20.5 cm,
TIENAE 9.5 cm. KKK E 5 MHMET AR SA BERMELE, BI 1%, 2.5%, 5%, 10%, 20%
HAKEHE, 435I C1, C2.5, C5, C10, C20 KR, [AET LAAiff & Xt i (CK), BN 3 IRE .
WA A E ) 2B PR S B A B IR A Y5, BRI 1 kg TR AR .. BRI RIEK, HHE 24h,

EER /NS — (R I R R T, e R B KB, AR5 50%IM RS VA VR 2 30 s,
FRHRH 2B FKM¥E 3 K. W IEERBE 5 R B T s h, 581 /KIRFh 12 he FEFE N 20 ki/#,
REER Lem. TEMIERBAE KIS R, LA AR FE S ek, A2 90 d Ja AR BEFE

2.3. ERmERESE

1) Mk RE: JeH B RAKTEDAEE LA (A0, AR5 P 258 FoKIE U 3 Ik KM B BZE iR 38 1)
BERE A, RS IR AR 105° C IS 24T 30 min, $EETE 75°C P FEEERTE; 2) s BR
T B MR B AR S B, RSP 3) S/KE: BUSEMRFUREER &, PRI &R RT3 5 E,
K FBNHA, TR RS + TR EE, HHRES/KE; 4) pH: HHET pH iHl&
FF pHAE(OK . FECN 2.5:1); 5) AR ECR B BO%l s 6) A 208 & BR A 0.5 mol- L™ R R 4HA
B - %%#%ﬁﬁﬁ&@ T 7) AR ABE AR I - KHEEEEIE . S IR SCHR[21] i 75 v
SEDRAR R TR AT

2.4. BURALRS 534

£ Microsoft Excel 2016 #f4: 8 3 JF 455085 , F DPS 19.05 3R 14 [22] %6 2% Ab FELHLAF 5. R & 5 2504
[F] 3% ) LSD v A 30 AN [A] b B 2 8] (1) 22 7 (P < 0.05) .

3. B/RE S
3.1 EW¥nEa EEREAF TR

M LRI, A R T B K R B BRCRE R AR 4 ok FH G o, LRSI E S 20% AR R
AEFRE KB OK, N 8.66%, M A=W &l 5%3 20% 3L i & /K & 5 X IR & /K B A B %2 5 (P < 0.05).
F T pH BEA YR SR g 0, HA AV FH &8 20% 80408 pH ok, N 6.73. 5T pH AHLL,
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AR I TE 1%L EX0 A E pH A SR HEE F (P < 0.05) . A7 5 255 o ol At 26C B A= 4 e FH 385 o 522
Ses s BAGE TS, R AW 820 1% A FRARAR 2 f =, 1T AR F R 5% LA E R A BR BRI AR 2 5
/8T 60 mg-kg s B 2.5%F11 5% AE MR AL FR A, H 4% A PR AR & 5 o R TR A7 A R 3 25 (P < 0.05)
5 A BRSO B B B A Wk F RN RIS e i g, A AR R 109 A BRI 0 B B A
K> 4 1335.21 mg-kg ™o IRINAEMIR (K1 5 S AbFE (3 20 5 2 5 IR 777 B 3% 72 7 (P < 0.05) 0 Lk
R B B A R P R LR R g, Ferh AR FH Bl 209 FA A FRH A S BB K, O 96.71 mg-kg
S IMAPDARAE 2.5% LA L A P Pk R 5 B 5 0] JE 22 47 78 1 2% 22 57 (P < 0.05).

Table 1. The effect of different treatments on physicochemical properties of phosphogypsum substrate

% 1. FEAEHAE LRI

LbER EIKE(%) pH ARE(Mg-kg )  EFEE(Mg-kg ) EREH (mg-kg )
CK 5.73¢c 4.13d 78.01a 583.71 ¢ 4.93d

C1 591c 5.26¢c 84.52 a 943.63 b 13.22d
C25 541c 5.78 bc 7743 a 939.72 b 39.04 ¢

C5 7.31b 6.2 ab 53.89b 1324.33 a 69.84 b
C10 8.66 a 6.54 a 58.52 Db 1335.21a 88.65 a
C20 7.93 ab 6.73 a 59.73 b 1319.72 a 96.71 a

e A RIAN NG - RER R A ) 22 57K 31 2 25 7K~ (LSD-test, P < 0.05).

3.2. NEEIEXHIBIRAIT MR

H2% 2 Al L, WA B 5 PR S I BRURS FT A o S 2 0 T MR R (R (P < 0.05),  ELMIE B Rk =
Wt 264 ik FH B8 o 2 e 3 0 S R 3, orb DUAE R B &R 5% A BEAE AR I i o AR S35 1 I T A
HRRIEEE . T EH(P <0.05), BHAEY) R RN 2T 5 G FIGE S, HA YR HE N 2.5%1) 4
RN R L . FEROR, 7094 10.62 g-pot 1. 3.16 g-pot *. Mk BEAR R HL G A= 1 e F B R N B S s
JE kN, o AR P R 2.5% A FEAII R AR AR R LE K, S 0.84, 1T 20% ¥ A FEAGN A AR AR e LY £
/N, 5 0.30,

Table 2. The effect of different treatments on switchgrass growth

2. NEIBXIHIRAR & K HIF

Ab3 PR (cm) i 5 (g-pot ) T (g-pot ™) R gt Lt
CK 3.78b 0.12¢ 0.05d 0.78 a
Cl 27.89a 2.65¢ 0.87 cd 0.8a

C25 32.72a 10.62 a 3.16a 0.84 a
C5 33.6la 6.67 b 2.11 abc 0.41a
C10 3285a 7.11b 2.28 ab 0.56 a
C20 30.1a 6.75b 1.69 be 0.3a

A F—FIMAR/NG /R R A B ) 22 50k 3] 55 2% 7K - (LSD-test, P < 0.05).
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4. VWHig

B B R K R B BRI . A WU S5 IR A [23) . AR N Z LA R, BAT R T,
TKEEAI[24]. DRI, B0 8 30 R A 7K B A 0 5 PR R I T B 00 - B9 T &P A B B S 2 1 W
AT pH RS [24]. AWk R amiitk, SRS T Im R E T AR N . L, BEA ARG pH B
TR T2 70 o A S R T DU S BB PR B i e, W T 80 2 25 i [25] o 5 v P 2
SR T R P L S B DR R AR, DR AR R 1 U A e S B R AT
SEBRARA S B, RIL, BNEYR SRR AR, BRI A % Sl E R . R
T 545 111-COOH., -COH F1-OH 25 & 4 B g, AT BRI e hig F1[26] . WA 75 iR INAE 3¢ I
SEER G, S, MR EERE & A BRI 27].

TUEREA A B RN, HE SRS 0 E, RO AETE L L R [28] . BB A
IR E ARG, -5 T pH, AKEUEMFS, MBI KOS T RIF s, Ik,
W5 R T 2.5%~50 b M (0 2 K LB HTAR . JBURS T2 M B TR I L TE 109604 b, MR A2 4Ky
TR AR 5, T T 6 2 DR e B 1 2 5 S BB R o CoN 2, WA SR 2 A , AN T 4 2 e [29]

5. &g

1) BB A INBARARSAT LR S K& pH AR E RTHER, RN B & 255 K& pH HIkE
PRBURS AT ZE 0 P B I 389 70

2) BARFEAT AW 50 WA B S FUE RGR 0 A R, (5 3 D IRM R H AR, BN
R EBREAT AE Y 5 B I R S, TR B R R 8 35 D T RO, T RO AT R 5 i
It BACAURS 12540 ¢ ) 89 o 16 o

3) WA U A G R BARRE T AR R IR MR SRR T EL NUE HA B IR,
Horp DL 5% AR B X vk s A s RERTHER], T 2.5% ) EY)m I Ew e . B ARG Fe A B R
PR . BIAWT T H AR R K RIMI B R A, TRIHER 2. 50 KBRS AT £ R B R A

4) BT IIAESBERERND . EBMEK, AP —MAERST, BRI A %5
RS KSR EIOE 7E,  DAE DB B R BEER AL S InA AU A B . bAh, A BAEACHT JUE A i
IR LI A= 4 o A o e T ORI 7 ) B R S 2 R EM R IR A, MR K
IF1 5 B < A RS IR EE

E&WE

RMNEHETHEERAS RKIH (B4 KY F[2021] 246); S MTiTE24RBE 2020 45 R AL 2
Fi 418 L1 H (No. 2020BS020): 5 /T 7 B BHIF I H (2020BS019): 51 MIITTE 2% B8 K 2% AR 1 = 78 R
W 51 H (2021DXS004; 2021DXS005; 2021DXS006): 5t Ml il i 2% B oK 2 A= 15 81 sk I 2k 1 %) 35T H
(202214223165).
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