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Effects of rooting media amendments on seed germination and seedling growth of four

bioenergy grass species grown on electrolytic manganese residue

LUO Yang'?, LIU Fang'* , REN Jun'?, ZHU Jian'

1. College of Resource and Environmental Engineering » Guizhou University, Guiyang 550025, China; 2. School of Geography
and Resources » Guizhou Education University , Guiyang 550018, China

Abstract: This research investigated seed germination and seedling growth of four species of bioenergy grass
(Pennisetum americanum X Pennisetum purpureum , Pennisetum purpureum , Pennisetum hydridum and Sor-
ghum sudanense), grown on electrolytic manganese residue (control) or electrolytic manganese residue after
adding one of three amendments (5% diatomite, 5% charcoal or 2. 5% charcoal42. 5% diatomite). Germina-
tion percentage for the four bioenergy grasses ranked: P. purpureum>>P. americanum X P. purpureum—>S.
sudanense=>P. hydridum. The three amendments all significantly improved the germination percentage, ger-
mination energy and germination index of P. hydridum, and for the other three grasses the germination energy
and germination index in the mixed amendment treatment of diatomite and charcoal were also significantly
higher than those of the control group (P<C0.05). Compared with the control group, in the amendment treat-

ments, the fresh weights of P. americanum X P. purpureum, P. purpureum, P. hydridum and S. sudanense
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were increased by 36.54%, 7.69% ., 35.71% and 23. 88% , respectively. Amendment application also enhanced
chlorophyll content and the activities of antioxidant enzymes (superoxide dismutase, peroxidase, catalase),
while the malondialdehyde content of leaves was decreased. Based on the germination, growth and physiologi-
cal parameters, for the tested bioenergy grasses grown on the electrolytic manganese residue, P. purpureum
with 2.5% charcoal and 2. 5% diatomite amendment performed best, followed by P. americanum X P. purpu-
reum with 5% diatomite amendment.

Key words: electrolytic manganese residue; energy grass; germination; amendment
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FAETRE W PRV AL & 5 A A . DA E BT R i 4 B R B R R - S LK R B AR 1« R A R
LS 5~6 (SR, 2010—2017 4F i [ (1 H A 4 J R AF 1) 5 29 0 206 J7 o HLUARR O B A2 LA 1000 T
te AR R R TR Y — 5 T PR A LT A RN U SR T R s I ELA R g A A AR R B T I
BHYE 15 55— T, iR AR S A Mn Cd S5 H &8 TR 75 WAL IR VE IR HA 8% 2 J4 Bl 35 K AR BT
SHEOS YA RTRE T, PRt DBEUE R R IR BT O A 0 F B K L A R A A I R R 2R U AR L B R A T AR R
FR) W2 WAL 1 7 5 A P AR AT 5 o0 2R 0T T 1 B 5 19 ¥ 2 XU SR 78 43 ) FH 2 3 v % RAIE il 8 D A S I m] R 82 K
Ji&  JH Y G B D RO 0 396 11 B 365 A A 4 SIS AR R FHLARL ) R BT R i

AE IR R J2 AT AR S TR P AR ) B RE IR ) RS A I e PR . Z W AR B Z 4R il T RA MR R kK,
PR R I A Y R AR AN R PR K R R R M b A SR AR A L BB VR RN R 4 1 AR A
SR AH PR AR PR 5 R AR R AR B L O ELRORE A B AR LI T Ak B A T A 5 T AT
S IHURACARAE L Az 7 AR 76 PR A8 52 ST A7 A6 8 AR n DR 40 . IR, A 2% o UHE 0 DX 5 1t LA A
Folo e g 05 B BB 70 40 R 2 B b R R L SCRE S B A A TR A 5 A SR I R

H RS N A0 5C T X0 Ha, il Al T8 M 37 J) i B B2 0 G A A R R A TR R BRI A R MR PR 2 BT (Lolium
perenne) VAL E 16 (Medicago sativa) ./NAZE (Brassica chinensis) %58 %) 4 K 09 52 0 MBF g i 2 H LLRE
TR B R 3 56 bR T i LA A A T b A K Rk E R B S A B DL L R T R A AR A D AR R A i &
R B R SEUE B O R W A BRI A R AR RN R B S T B A R A E Y A AR KB
B HE Wy 0T S0 IS ) 17 i Ay RO ISR L 2 A0 R BE ' BRI AR K R BT A 25 B A AN A I L 23X A 7 AR i 3a
TER . S EOLAEAARZEAL AEKR B Z B AR R W B A T HE S R e L A A AT R
RIS BRAR 3 57 it P AS [ A i R0 mT D ol e I B A P R W B R i R SR AR AR 7 AR AR R o g T
R AR R RS DR AR AR S 4 AR R M 1 R R R L R O ML 0 R R A S b A P B R R R e K
AR TR 5 B R R0 it P ) HG A A v i BT b b T R R A A KA S L I A O 3 A BE R RN R R R S A
DL Sy v St i v 1) 6 A0 R T A e 3 A SR S 3R 2 %

1 MBERE

1.1 BEXAH

FL i VS < R B BRI B IZ M E B 60 ZAERYTT RN LT s . R T AR Ll 3 L TE 55 i, X
Pl A 25 P03 e ™ S 0, SR TS R AR TR R T A TR VR L A A R R I AR B Sk R
YWETENARKA . 5505 5.00 0. 15 mm Je e AT 27196 AR B I o, A 3 AL v o o 4 s &5
HILE L,

AEVR B . 43 3l K B B ¥ (Pennisetum purpureum ) . AT H (Pennisetum hydridum) , 95 F} ¥ (Sorghum su-
danense) ML 3N B HE (Pennisetum americanum X Pennisetum purpurewm) , FofpF W) F 75 2 R0 B A 7, &
ZFRIT BN 92,0390 .85. 4256 .88. 79 6 Hl 85. 9106 5 2ht BT « A 5 A1 ik 38 - W) T 5 M- D408 T 504 BR2Y =1 ol it
0.15 mm Je ifi & A, HEAMAETAESEEEILE L,
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®1 EBEEREIRANEBRER

Table 1 The physicochemical properties of amendment and electrolytic manganese residue

FE i pH EER NG L3 %A AL A fih % il B % B HE
Sample Organic Alkaline Available Available Mn Cd Cu Zn Cr Ni Pb
matter nitrogen phosphorus potassium (g (mge (mge+ (mge+ (mge (mge+ (mg-

(g kg™ (mgekg ) (mgekg ') (mgekg ) kg kg kg kg kg ) kg kgD

i i 4 i Electrolytic 8. 03 23.61 14. 70 6.14 107. 42 63.980 2.34 79.74 223.91 214.56 96.38 52.65
manganese residue
ik 9% + Diatomite 9. 90 1.45 — — — 0.003 0.11 9.85 20.79 12.34 6.31 11.45

A J¢ Charcoal 9.85 303.62 — — — 0.006 0.12 8.23 25.97 6.55 7.08 1.23

“—"F R AM H Means not detected.

1.2 K&t

AIXEF 2019 455 H 19 H—6 H 1 HAESIN TG 2B Al B2 I8 5305 e g s b A7, kit 4 b3, 4
Ab PR ST 3 YR R R VS i S BRR AR S B SE L A0 i e 1) S REE £52) SR M ;3) 2. 500 kR -+
2.5 54 CKONIMB R FD . #8480 g WY G IE I 5 8 R R 40 IR A1 5 P4l T EAR N 12 om 1855
ML BB AL 3 d, R & 2R, PRI BURLI W X ST R AR E T 1200 HL O, WHR R 10 min #4717
FI 1A SR K K I B PRI 25 8 F oK oh ik 3 YRS BRI T Fh 3R 1 K 4 B AN 3R L rh 3 A0 A 30 kL Ak 3 )5
AR, a6 b I O T B G XUAL R T R GRS R AT O BRAL 3, 55 H e FRFR B 35 0 25 B 7 7K 0 7 ik B i
T, % H WL & 2RO Je it i B R 85 I s (A 1 (AR AR K R T 38045 8 7 1 IR 28 K B R B R 1 — 2 SO AR 58
BEFP I 1 mm Ry HIWTRD 1 & ZE AR ) L5 14 RE5 R L IR .
1.3 REAB AT
1.3.1 RZF4RIR RER=U 7 REFRE/ PR T8 <1002 s & 2F = K 2F 91 1 & 2000 80/ K Fh ki
$<100 % LASS 3 K & A0 T80T s & 248 0 (germination index. G = > (Gt/Dt) .Gt ¢ I [] ) % 2
B0, De SR AR ) R 2R B
1.3.2 #hiiEKAEdr RIS AU B M BEYLPEE 10 MR IR Pl bk m R K T 20 22— KO FR
L,
1.3.3  4hiiE A LiEr: PSR R 9520 SR 43 50T 649 nm(AFERE b) Al 665 nm (4% ) Tl
SE WO IE 3 H A i 9 B (malondialdehyde, MDA) ;5% I BAC [ b %2 R W (5 3% , DA E 3 3122 5 1 3% 1 < BX
FMRANT 0.10 g, 8T 5 mL(pH fH 7. 8,2 % 3 £ Wit Mg be D Tl v (9 @l iR 22 il h 279K .4 *C'F 10000 r » min™
B B0 15 min, b B0 A AL BV, T 0. 05 mol « L' BEIMRZE th il /E 45 & 10 mL. $RJ5 43 3 R FH 0 U s L 4
12510 7 A ALY B AL (superoxide dismutase, SOD) 6 P, SR FH AT Q1A W3 5 ) % 2o S8 A6 Y1 (peroxidase, POD)
WP SR o AL SR D 5 B L AU (catalase, CATTIE PR,
1.4 #H¥Eam

J SPSS 22.0 K Excel 2007 #4745 ) &b 385 43 # » A7 O 8 b5 B al L OF 9 = A5 o 22 0K, ] LSD 5 7E
0. 057K - - 1 AT Ab 3 ) 22 5 1k B3R

2 HBRESH

2.1 ARANEBESEAFFRRENTFHLGY 0

AE VAL A U0 SRS PN A A ROIR BN 1 BT 7R o o 4 b BB T ol T R Rl 7 R SR R O R o b L R 2F R
A R 3K 95, 56 %60, KR 22 SR 5L, R 80. 00 %0 . & 28 SR AR A J2& F5 P R0 AT 5L, 43 3 AT 73. 33 %
F42.22% (K 2), BEE S RF BN, AW FER R ZFAR AR TR . fE 3 AR s P IR A B R b B
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Y 2 ACAR R B R 2 R AE X B2 BR Al B A 4R R T 5. 56,5, 00 Fl 2. 22 AN E 4R . it AR b ROTR G 0 R A
TG R 5B A AT B, 5 X RO O AR 32K 8 25 7K T AR ¢ b B 119 2 A 5 00 IR L e W] A A, H 8 3%
o TR G R R AR B . 3 el R R BE I R T R A 2R (P <0, 05)  fH R 2 R I KA AR R 70,005,
oA L) Ak B 2 2 ) I A 2200 . B AR e Ak BRZE B4 TR P A 2 AR AT AR A H At P e B R RS N i — R R
i e R 25 AR (H 5 ) R 25 S R K W 3E KR

EHPN
The 1st day

TR :
The 7th day

HF14K :
The 14th day Pgm

PR MRE BT TR
P. americanum % P. purpureum P. hydridum S. sudanense
P. purpureum

1 HEfEEEr4MEREERTRE

Fig.1 The growth process of 4 energy grasses on electrolytic manganese residue

R EFFIEAVTALFhF & ZERE G B R R SRR R BRI Z — ., R 2 AT LUE L R ORTRE B SR S L
HR A SRR R S AR S R HA W 25 e, o R Ak BEZE L X BREALAI T 7. 78 AN S R T A
LA PR T T 6. 67 AN 43 AR IR A AL FEZH Kk 2 S BRSO Ak R RIR A R RS IS O R
TG 10 R 2 34 s JC P S S T AR e Ak 3 L R 2R 34 5 o UM G i BRI T 13, 89 AN 43 AL (P<C0. 05) , L]
AR it G B % 2F e B — E BOUEAE FH  BRA  Ah R A B AT B Y S 2R S O IR G R X Ab L G e - RTR
Aok R A PR 2 L ZE A IR S R T 11 11 %0R 8. 88 %6 (P<C0. 05) , B Jit ik 3¢ 4w A A% Xk IR PH R Y & A
P — 2, Y e B R T 5. 56 A 2 e TR A R R AR B R ZEHGA B 155,56 %6, i m T AL 3 A4
AL B (P<C0.05),

3 Tl e B R0 B R IR e S A R B R R BB R E R ROE W S e (R 2) HUE 43 A T 23, 10~ 26. 73 Al
27.65~29. 16, £ SR R Z 1], i R 0] 5 %00 B2 =2 ) 22 S S AN b 3 SR AT A R 2R R BOR /N Sy« ik i - > 1R
B BRI > AR = CK U8 B e B FR) 9 8 0 A8 52 A R 1 K 248 O T B e 19, DR S A A BRLZE 0 B . AR i Aib
HZE A0 X B2 1 95 P R 2R SO0 A 2 S T ek 9 RTS8, 81 %0 R120. 08 %4, Hirh
TR G ol R 70 Ak B 2 1) 95 ) e 2 e A 3 s T Al AR B (P<20. 05)

2.2 KRBRAMEEES EARFRRESGEKRG A

K ZFREG AT 14 d J5 . 45 A B A)RE JR 5T A9 K B BT R TR (38 3) . ko = KR Jie 114 TG it 18 A i 2% 28 MR 8 B 1Y
R e AR R G R A A T AR T B i D A T R R e 20 g Al L G i 0T BERE L 43 S0 3 R 36. 5406
30. 77 % (P<C0.05) , it F IR & Bl B 70 A 24 20 Tt 5 3 A K AR A O T Al Ak 38 FC ok o AR K 5 R it o3 IR ) A 38 2
A EE 2R S0 In T 25, 00 % F130. 16 %, HLik i 3 K (P<0. 05) , 5 % BEH HE L A 2% FHR 4 e B 57) Ak B0 2 i 4 2
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Table 2 Seed germination of 4 energy grasses on electrolytic manganese residue by applications of amendments

R BRI REHHE R REFAREL
Grass Amendment Germination percentage (%)  Germination vigor (%) Germination index
ZRAWEHE P. america- CK 80. 004 3. 33a 71.1148. 39ab 24.1541. 94a
num X P. purpureum i ¥ + Diatomite 85. 5645, 09a 77.78+7.70a 26,7342, 21a
A #% Charcoal 85. 0045, 00a 63.3346.67b 23.1040. 16a
fif ¥ + 4+ K% Diatomite and charcoal 82.22+8. 39a 70.007+3. 33ab 25.93+3.73a
R P, purpureum CK 95.5641.92ab 78.8945. 09a 28.4040. 66a
il % + Diatomite 91.1147.70ab 76.67+8. 82a 27.6541.51a
AR Charcoal 97.7841.92a 65. 0045, 00b 29.1642. 74a
T # + -+ K Diatomite and charcoal 88.89+3.85b 77.78+1.92a 28.91+0. 84a
REATE P, hydridum CK 42.22+3.85b 25.56+1.92b 10.890. 06¢
i % + Diatomite 65.5645.09a 36.6743. 33a 17.7240. 26a
K% Charcoal 63.3345.77a 27.78+1.92b 15.19+0. 83b
FiE ¥ 1 + K % Diatomite and charcoal 60.00+6. 67a 34.444+5.09a 16.40+1. 21ab
FFFE S, sudanense CK 73.33+6.67a 42.224+5.09b 19.42+0. 27¢
fil: % + Diatomite 77.7841.92a 47.78+3.85b 21.1340. 44b
A% Charcoal 70.00+5. 77a 47.78+3.85b 18.35+1. 32¢
fif# + 4+ A% Diatomite and charcoal 77.7847.70a 55.56+1.92a 23.3240.61a

E: [ E— SRR /NG F R R R 22 53 3% (P<<0.05) . R,

Note: Different lowercase letters in the same column and same grass indicate significant difference at 0. 05 level. The same below.

®3 MRFAMNEBEELIMEREYHERKNEIN

Table 3 Seeding growth of 4 energy grasses on electrolytic manganese residue by applications of amendments

A R 7 7= i3 fif 5
Grass Amendment Plant height (cm) Root length (ecm) Fresh weight (g ¢ plant— 1)
LW P. america- CK 9.69%0.57a 8.3320.53a 0. 05240, 004b
num X P, purpureum #EW T Diatomite 10. 7340. 40a 8.2240.61a 0.07120. 004a
A # Charcoal 10. 084+0. 78a 9.100. 42a 0.068=0.007a
fif: % + + K% Diatomite and charcoal 9.907+0.47a 8.597+0. 37a 0.053=+0.001b
WMRE P, purpureum CK 11.2020. 64be 6.40=40. 68b 0.065=+0. 005ab
i # + Diatomite 10.4540. 07c 8.11+0.13a 0.059+0.004b
A #% Charcoal 12. 4041, 23b 8.4940. 35a 0.06720.003a
Tk ¥ + + K 2% Diatomite and charcoal 14.0040. 26a 8.33+0.17a 0.070+0.002a
BATHE P, hydridum CK 6.170. 16c 5.9140. 30b 0.028+0. 007¢
fi: % + Diatomite 8.35+0. 65a 6.0140.30b 0.03840.002a
A% Charcoal 7.67+0. 54ab 7.00+0. 34a 0.030+0.002bc
fif ¥ + + K% Diatomite and charcoal 7.0240. 18b 6.1140. 28b 0.036=40. 004ab
HFHE S, sudanense CK 10. 13240, 15¢ 8.60=0. 36b 0.06720.007b
fi: % + Diatomite 13.2140. 75a 8.4140.19b 0.083740.008a
A% Charcoal 11.91+0.03b 9.16+0. 08a 0.07540. 003ab

T + -+ A Diatomite and charcoal 10. 79+£0. 34c 8.69+0.13b 0.07240.006ab
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(14) Hiy b B A BN T 3. 08 Yo A 7. 69 %6, T Ak i A kit FH A A N R T 9. 23 %0, W AR T H A
PR R ) (P<0. 05)  (H A5 Ab FAH 5 % BR A =22 [R] 25 53 AN 8 3, 00 I e e = % B 4 i b B3 A KA — a2 I A A
Tl 38 i FH X B AT AR S G B S R W {EL A 1 b B A L ol HG R e R e 0 0 B S T 35. 33 %6 A
35. 71 % (P<C0. 05) ; i FH A B¢ REAH S AT B AU iy 5. 91 em W FHEINE] 7. 00 em (P<C0. 05) ,{H % H B bk ff 5 0
35 S s A 5 OR BRG] S S B0 A T A K AR bR XA I B . JHG v bk e R i R B 3R TR R (P <Z
0.05), 5 EAT R BRI, ik 3 e 035 02 2 05 PF R b AR AR ol AR e R R A o BRI IR AR 5 TR
< BE . 5 i AR BB A i (P<<0. 05) , 9 2 1 TR 5 it FH 8 FC Aok vy L R i o 5 ) BECRL LG 23 59038 1 6. 52,1, 05
17,46 A E 43 5 (B AR E] 22 5 oK A B KOF .

2.3 HKRAMNEMEE L 4ARRED G ARG R

2.3.1 MHRETE 3 ek RRIXT 4 bR R B SR S A R AR B UL R AL ek RS L 2 SR R E Y
MHER R a & 5XT O A /MBS H 22 5 I AR E 4R b Sl 5 X IC B 2% 5 (IR A 2R R a3
HEYM R b SRR — KB HEN FA B FEMK(P<<0.05) ; A MERBEH SR STENT 1.38~1.42
mge+g LAAHMTEHEES., BRTIRGW RTS8 o & &5 0 B8R ik e 1+ A0 B4 A 4y
BRI T 12, 95 Y0 M 13, 77 Yo 4 A A BN 25 5 OR W it Ak AL BRALEH R RS K b ARk N
0.66 mg+ g ', WFEAMTIHA 3 N0, RUIEESE X TRIREAGER b 6 B — & M VER ; #itg8m a
Mg R S K/NIF IR AR R > A >CK > L BRIE AR A4 & B & m T XA (P<
0.05) , HAPIF M EF S ME LR E2ES, BMHNRAL R ERS T EMFENSE a MEn o R &5
(P<C0. 05) , 2 2 1 BE 43591 A 28. 95 %6 (kW £ .25, 00 % CK %) Al 27. 63 % (k8 + + A %) & 29. 20 % (ks +) |
19. 479 ORI 26. 5500 CREBE -+ AR5 . 2l R I RE IS In J5 PR R 4R 38 a & i, REE 1 ORIk SR A R A
() B R BE 43 590 R 17,69 %6 .14, 97 %0 1 9. 52 %0, FL v A e - Ab B AH 55 % BR2H 22 S L 4 S Ah B O PR g
GEDSTHILEFEES MRS E K/ NEEE £ > AR5 > a8+ KR > CK, Hob ki 5 88808 oy
13. 74 % , 5% BEAH b3k 1 2 7K (P<<0. 05)

R4 BRAMNEMEELIMREEYEHERZISENZMN

Table 4 Chlorophyll content of 4 energy grasses on electrolytic manganese residue by applications of amendments

A =Sl 4R a i ek R b & i RO SR i
Grass Amendment Chlorophyll a content  Chlorophyll b content Total chlorophyll content
(mge+g ' FW) (mge+g ' FW) (mge+g ' FW)
M ER P. america- CK 0.9140.01a 0.4740. 02ab 1.3840.02a
numX P. purpureum fik # + Diatomite 0.95740.03a 0.4640.01ab 1.41+£0. 04a
A #% Charcoal 0.94=%0. 04a 0.48+0.02a 1.4240.05a
fif: % + + K% Diatomite and charcoal 0.9340. 04a 0.4540.01b 1.38+0.02a
BB P, purpureum CK 1.3940.03b 0.73%40.03a 2.1140. 04be
T # £ Diatomite 1.3840.03b 0.66=+0.03b 2.04+0.58¢
A ¢ Charcoal 1.5040. 14ab 0.75%+0. 04a 2.25+0.18ab
fif ¥ + 4+ K% Diatomite and charcoal 1.574+0.01a 0. 7640, 02a 2.3340.01a
BATE P, hydridum CK 0.76+0.01b 0.374+0.01b 1.1340.01lc
fit: % + Diatomite 0.98+0.05a 0.48+0.03a 1. 4640. 04a
K% Charcoal 0.95+0.02a 0.40+0.02b 1.3540.01b
Tk # -+ K Diatomite and charcoal 0.97+0.05a 0.46+0.02a 1.4340. 04a
HFHE S, sudanense CK 1.47+0.15b 0.6540. 04a 2.1140.18b
fit: % t Diatomite 1.7340.07a 0.67+0.02a 2.4040.05a
A% Charcoal 1.69+0. 14ab 0.63+0.03a 2.33+0. 16ab
fi: % + + K% Diatomite and charcoal 1.610. 12ab 0.6540.02a 2.2640. 14ab
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2.3.2 W_M&E M 2] 0, B T R AR [A]
HARNH SR EEA AR, BTG RA
PLAL TS Ik 98 b B e fiff % 38 AR 8 B i i TS
SR AR, 2,57 nmol « g 'R 1,88 HI
AL L7 0 B G T R A R IR R
DL g IR G ol B3R e A0 55 0 A L I T 43 0 ok
25,2206 M1 29. 36 %, i FH AR T CK FI&E#E 1 4b 21 21
(P<C0.05), £5ALBET LT R N 5 & & 5 5k
3.A3CHEBE 1) 4. 85 CR ) (3. 51 ChE 3 £ + A ) Al
5.08(CK)nmol » g ', H b i g 4 FIR A oc K770 Ab 21
AR AT AP A A e R AR R
ffE R L T BN A T R N S A T
7.46 nmol « g, 77 b % REWE + AR S BTR A SR I
Jiti A HAB AT BIREAR T 42, 65% .29, 43% Fl 28. 45% .
LA 8 A 3 2 A T LAt A A AR e TR A ek
R 7R 22 ) 22 5 AN B 3 (HL I 3 IR T 4 IR (P <20, 05)
2.3.3  HUAALEEIE R RIS fE VR FAR
P SA A G P R A T AR AR (IR 3) . B i T A E 4
AR B AL BRZ , 2% 22 AR B8 B 1 i A Ak 4 12 AL i (SOD)
T P 43 ) e IR R S 4R = T 36, 1100 RN 27, 67 %6 (P<<
0. 05) . 1M IR A Bl K57 Ab B4 vt B G i 5 22 5 4
) SOD 7645 Ab 3 4l 2 [ 44 1 2 22 5, Forh R o I
TR A ok R A B it A H SOD 343 B4 714,97 %
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