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In-situ improvement of plant growth efficiency
using plasma technique and biochar

Abstract

In past decades, rainfall intensity and duration increase due to climate
change. The traditional engineering techniaues of vegetation growing on
slopelands should be also adjusted and be cost-down to adapt climate
change. This study aims to use “plasma” for seed pretreatment (Bahia
grass (Paspalum notatum Flugge) and Bermuda (Cynodon dactylon (L.)
Pers.)), and spray the seeds with biochar and polyacrylamide into
sloplands to evaluste the seed germination percentage (SGP) and
vegetation cover ratio (VCR). Based on our previous study (Jien (2016)),
2% (w/w) biochar+50 ppm PAM effectively increased by 15% of seed
germination percentage of Bahia grass, and we will use this recipe in later
experiment. So far, our study results indicated that “plasma” treatement
could increase SGP by 15% in 15W-5min, and by 60% in 30W-5min for
two grass types. In addition, in-situ planting experiment was carried out
in Longchi, Tainan. The results present that the highest (40-50%) SGP
were found in treatment of 2% biochar+50 ppm PAM (with plasma) for
two grass types after 2 monthes. The highest VCR (85.9%) could also be
fould in 2% biochar+50 ppm PAM (with plasma) for Bermuda grass, and
the this treatment could increase VCR by 37.8% for Bermuda grass in our
in-situ experiment. In addition, the highest suvival rates (>30%) of two
grasses in our in-situ experiment were also found in the treatment of 2%

biochar+50 ppm PAM (with plasma).

Keywords : Biochar, adhesive, soil erosion, plasma.
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ha-1 4 )% % 2> pH 6.4 2 3} 150 4 4 A AT 28 X 13

'
¥
=
7
|l
=
=k}

40 192% > 42 X {54 4 A~ PAM AJZ R4 w[H 407 10.3%2 6.2% -

ELTEAY BRI FET O FEALZEAEREET 0 PAM & R
PEATAE > ¥ PR A 3 RoR A 2 2 A 7 § 22 2 i3 Wang et
al.(2011)4 w|+% & 90~ 180 ~ 360 ppm * T j7 % & 30%I4 4+ PAM 73 ik »¢
B P FROPAM T EZEER LAY £ A A F it 1 Fa hd g
HRaAYEamRT o FEIO FENAFRFIES N FE 2%k
%i;>o

ARPKE RSP R ERELIZEPAM A B R A EE
B2 HBARRE PO ARk o SRR RS > Ao R T AR A S E
£ 1,000 3 5 AFEEIRB T A G oav ) R4 N b R R A R R
TR kA e Hp g £ 4 05~10kgm* o 1A A& 0.3 em(f7

sl B £4 R €k 3 R4 R > 2006) -
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S LA e OB T e g 1 ko

% 23PAM T B35 7 F  F 74 - Ti08 VA2 5 ¥ il

LR BF RIS
Concentration
¢’ 0 1 5 10 50 100 500 1000 Mean®
% ppm
Germination percentage (%)
0 81.3abc’ - - - - - - - -
10 - 86.0ab 62.0d 64.0d 72 7bed 71 3cd 873a 86.0ab 75.6a
30 - 70.7cd 68.0cd 713cd 70.0ed 72.7bed 69 3cd 70.1ed 70.3b
50 - 66.7d 67.3d 69 3cd 68.7cd 74 7abed  68.0cd 64.0d 68.4b
Mean' - 74.45a 65.8a 68.2a 70.4a 72.9a 74.9a 733a 71.4°
Germination energy (%)
o 69 3abcd - - - - - - - -
10 - 76.7a 47.3h 513gh 63 3cdefg  533fgh 71 3abc 76.0ab 62.8a
30 - 553efgh  57.3defgh 64.7abcdef 54.7efgh 64.0bcdef 60.0cdefg 573defgh 59.0a
50 - 58.7defgh 61.3cdefg 66.0abcde 54.0efgh  633cdefg 59 3cdefgh 56.0efgh 59.8a
Mean - 63.6a 55.3a 60.7a 57.3a 60.2a 63.6a 63.1a 60.5
Mean germination time {days)
0 4.5bedefg - - - - - - - -
10 - 4.0g 4 9bcdefg 4 7bedefy 4 2efg 5.1abedef 4.8bedefs 4.1fg 4.5b
30 - 6.0a 5.2abede  4.8bedefg 5.5ab 4 8bedefe 4. 8bedefg  5.3abed 52a
50 - 5.3abe 4 6bedefg  4.4edefg 53abe 4 9bcdefg 4 3defg 4 3defp 4.7b
Mean - 5.1a 4.9a 4.6a 5.0a 4.9a 4.6a 4.5a 4.8
Germination coefficient (% da}r'l}
0 18 3abc - - - - - - - -
10 - 21.6a 12 8e 13.8de 17 4abed 13 9cde 18.3ab 212a 17.0a
30 - 11.8e 13 .4de 152bede 13 .3de 154bcde 14 Sbede  13.6de 13.9b
50 - 12.5e 14.8bede  159bcde 13 .4de 154bcde  16.0bede  152bede 14.8b
Mean - 153a 13.7a 15.0a 147a 14 9a 16.3a 16.7a 15.2

! CD, Charge density.

* All number followed by the same letter are not significant difference at 0.05 level by LSD for comparing any two
treatments.

¢ Mean within a column followed by the same letter are not significant difference at 0.05 level by LSD.

' Mean within a row followed by the same letter are not significant difference at 0.05 level by LSD.

£ Combined average of all PAM treatments.
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$- B FTEFENAT R R R e

At gkt L :ﬁ@«'%;&iﬁﬁ-‘:‘?@’{ T A I5W-~30W-~45W > o
WRERF L 5min; R - FEE ok 4 PR IR LR TIACiE AR
VUIRSEH T K o fEF T jﬁ/@fﬁi’i" fge T3 BB T & E
TRF L TR FLHN > BE4cMBLE 3297 < 2 H P 2P RS

ERABI(FEN T RL)L A FAFTRRMEE 5 FIHF

it

)‘I S

ROEpri A B R £ 00 15W 2 5 SRR 5 min 2 f 3 fchk S BTF -

FA A RREF R P RS R AR PN ESF A £ o

HIA4H (X200)  %f0E4H (X4000)  15W/5min (X200)  15W/5min (X4000)

30W/5min (X200)  30W-5min (X4000) 45W/Smin (X200) 45W/5min (X4000)

W31 FEXMT L7 bt 3 TRABRAUEN TS HAET 2 44
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Tobt I R R T @A 1 kg

¥ﬁﬁ?€B(X200) #ﬁﬂ?@ﬁ(x4000) 15VV/5nﬂn(X200) 1SVV/5nﬁn(x4000)

30W/5min (X200)  30W-5min (X4000) 45W/5min (X200) 45W/5min (X4000)

W32 FREFAIZARAFTRRBUNT I RRET L 28K
Fo& 3P AT F Y SR (Ista, 1999)

EH-T Ly T oA A BarE 15 g g e o &
2%:h4 o R L %5 > ser 50mL k& 5 0.05 %2 PAM A% &) > #-pt
MR Er b o 2 hzZ B A Y S uRE 200 AT FAILE
FEXHFBF FREBICBERI AT EFF T IRH - N RBHRF - AR
o A4 2 I0ML L 33 ko B p LB T B 2 EF 21X (2 %)
T BRE AR LRI 3 H - ek 7 s
Fd kA BRI HERIRE S IRE  FRF P B ST F T i
T RiEF2LX o

FHRY SR RT IR R PR R T B

TR R RS R F TR EE SH T AR E
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M L RIS B T RS 10k

232 FRETEA PHFLRRBL 2L T F 2%

iR (2)

# ®(C)

B R (%)

21

23.3

83

15W-5 min

30W-5 min

45W-5 min

L33 FEFATEETEIRAFLARBLELFTAF T

SR Sl £ S # ik # 5k # 5 % (%)
P

A 4F 20 2 10
15W —5min 20 9 45
30W —5min 20 13 65
45W —5min 20 3 15

PRER

A 4F 20 8 40
15W —5min 20 5 25
30W —5min 20 12 60
45W —5min 20 2 10
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R1FRB P2 RE&AT

FZE&RP (NSt F TS - F 742 RFSFE%

A h RS BRI ES 4B H- B ER T 142213 g
M- BB X AR MRERIETL ER ] R BIES ) S 1.5m X
1.5m> 2% 5 aedT4e™ D (D)ER 2 (2)2%2 $ &+ PAM 50 ppm ;

24 1000 3f2F RERHF fop

Ty
4e

FAEF 0 VAL T RAEE0 1

5 ad)iS2 B ARSI £ F T A~ e (1)CK+F ®iE (CK_BD); (2)CK+

T+ % (CKBH): Q)CK+T 417 & ¥ (CKBHP) 5 (CK+T %15

i & (CKBD+P) ; (5) 2% # # & + PAM 50ppm+ 7 ¥ & &
(P50_B2_BD) ; (6) 2% % 4 & + PAM 50ppm+ ¢ % 15 7 ¥ & ¥

(P50_B2_BD+P) : (7) 2%# 4= A%+ PAM 50ppm+7 % % (P50_B2_BH) ; (8)
2%2 1 ikt PAM 50 ppm+ R 16§ £ % (PS0_B2_BH+P) - 355 = €47
I AR > % B (random complete block design, RCBD) & 3+ % 3£ 7]

b fiede T £
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DR BER A & ik N R ol A N k28 A

1 E»E

% 3.4 % g 22 48 % & K 3+ (complete random block design, CRBD)
P50B2_BH+P-1 | P50B2_BH+P-2 | CK_BH-2 P50B2_BD-2 | P50B2_BH-3
P50B2_BD-3 | CK_BH-1 P50B2_BH+P-3 | CK_BH+P-2 | CK_BD+P-1
P50B2_BD+P-1 | PS0B2_BH-2 | CK_BD+P-2 | P50B2_BD+P-3 | P50B2_BD+P-2
P50B2_BH-1 | CK_BD-1 P50B2_BD-1 | CK_BD-2 CK_BH+P-1
#ﬁ—*]? Fé%}‘ig .

(A)# 7 & (germination percentage, GP) z_& % :#5k % & P23

fa+ B d

BaRfE S Al NI=H 765 5H0) -

Wekgs T B A o 5§ 3 (%) =N1/Sx100 5 (S=

(B)# 7 %t (germination energy, GE) ¥_% % 5k B 403 % 7 & % pF

BEprgr st BEAT B2 ]

N2/Sx100 » (S=i¥

B2 RES

TR - =

B :

GEERETE 714521

TR T kR 2 0 Image J A 45 T3
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FET BRAHG
P @RFEIFTFEFTH

A —7‘\ );é ?ﬁip ’ ﬁg‘—@‘\‘;‘"—:@: %; ’ :,E'-: );§ ?‘h;‘__%\' —&rz&-\, 4.1 tv'l—i—f[—‘ o ‘g‘é—_ a: );ﬁ; Eﬁ;“,‘lf‘g‘_}‘llj”

#50 ppm 2 PAM i & £ % BASLI 2 T HEHF A bk LY
BT R R A 2%2 R 50ppm 2 PAM R S REX B B i o

441 $-BY BT X

Samples # 5 F (%)
CK_BD 40.2+2.65
CK_BD+P 42.9+1.75
P50B2 BD 46.1+1.33
P50B2 BD+P 48.9+3.90
CK_BH 38.5+1.00
CK_BH+P 41.0+0.90
P50B2 BH 42.4+2.16
P50B2 BH+P 46.91£2.39
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60.00
50.00
40.00 -
§ 30.00 -
-
e 20.00 -
e
10.00 -
0.00 -
<> <> ~2~ & "Q
& S o5 S ~t-/ 3 07 F
o <g§’ & SR SRS P %
& < S
< Treatmean Q
W4l g5Fmi
60.00
50.00
—CK BD
40.00
_ ——CK BD+P
o
3] ——CK BH
% 30.00
i ——CK_BH+P
e ——P50B2 BD
20.00
—P50B2_BD+P
—P50B2_BH
10.00
—P50B2_BH+P
0.00
7days 14days 21days 2M
BYERH

Wa2 g54M4
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® 4.5 P50B2_BH W% 4.6 P50B2_BH+P

FoSRFIHABEFF(2 B 1)
R+ 3T REFFRHRL R0 42 %77 > 1Y 7yt 2%2 & 82 50

L=

ppm PAM i & (S0 i i6 2 F RE X 5 AaZh § (85.9%) - K B

-

B2 RFF AXHEFFEAL 2 F AT RRGAIT (80-90%) >

»

4 % RAIE (70-80%) > HEiE (60-65%) > H ¢ » uF Hikiz2 §FF

REFERH -
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%242 5 B2 REF

Sample BEIF()
CK_BD 62.4 + 0.12
CK_BD+P 75.0+ 5.66
P50B2_BD 80.7 + 0.78
P50B2_BD+P 85.9 + 4.32
CK_BH 65.9 + 0.07
CK_BH+P 82.7+0.28
P50B2 BH 76.8 + 3.30
P50B2_BH+P 80.4 + 2.57

100

90

AR (%)

Q0 R > R X R
)
¢ & ¢ F
Q Q
Treatmean

W47 REFWA

4-4



WRERWFFIBRFE LA BEFPUAEARTL3 >0 F - B2
CERBERRER LB FE TR BHEE > A BRI

FTHR A AR AN B R L RS S

3
Tk

G2 a4 2964 4 A8 50 ppm PAM i £ T SIS L F R K A
+ Ed2 5% (31.9%) - A FE%KT 7 é;ﬁ’@ﬂfﬁiljﬁ?ﬁﬁ-,‘gg‘_;‘fjtéti#»;,
For G R RRGE T BT S HIES T A A ALE 30%1 1

%43 %2 B 2 F3REF

Samples ¥ 5 & (%)
CK _BD 259
CK_BD+P 30.7
P50B2_BD 24.8
P50B2_BD+P 31.9
CK_BH 19.9
CK_BH+P 28.2
P50B2_BH 255
P50B2_BH+P 315
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Lohde o~ AR 8o 2010 o SFaE A )k A 38w ok 4L 2 B3 B T sk 2 AT
T oo k2 m4FE 4R 43 (1):67-80 -

2.4 % 22007 c AR F R I EFUFBM 2T c LB c R AL
FLHAE o B R

iR ¥ L A gk RF R 2013k d FdFEEP > TR E LA €

4 Fpte R F LR gk2 WaFRh 2200622 TH B 28 - Frelek 4
Rg k2 mdEn o

5.8 5 2005 Tef o * ALFHH P FREFE L D ALH R
R S I B

6. L& R ARG 2013-FHIZ A FFHEFIFTEREST
B 5 o k3 iR45 5 4R 45 (3): 737-752 -

TREE G AP 2011 TR AVRA G BT E T 2

P EA

E

ol

F3 € 7] > 32:35-49 -
B4R M~ § i~ ¥ AE 5 2004 T B R B BT
TR Ay B L ER 0 3(1): 15-28 -
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11.3% 7 252009 " 3 g AL G A2 7 ok 453 o s 7 LE 4R 8(2):
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17.

L~ 5 o BEAR -
BLf w2013 e R BT WK 2 fRRARR E I AP
BHOFE T 2 R AP EHRE V2 B %> §0 % 5569 F -
Hseu Z. Y., S. H. Jien, W. H. Chien, and R. C. Liou. 2014. Impacts of
biochar on physical properties and erosion potential of a mudstone slopeland
soil. Sci. World J.
Jien, S. H. and C. S. Wang. 2013. Effects of biochar on soil properties and
erosion potential in a highly weathered soil. Catena 110: 225-233.
Joseph, S. D., M. C. Arbestain, Y. Lin, P. Munroe, C. H. Chia, J. Hook, L.
van Zwieten, S. Kimber, A. Cowie, B. P. Singh, J. Lehmann, N. Foidl, R. J.
Smernik, and J. E. Amonette, 2010. An investigation into the reactions of
biochar in soil. Austra. Aust. J. Soil Res. 48: 501-515.
Lehmann, J. and S. D. Joseph. 2009. Biochar for environmental management:

science and technology. Earthscan, London.
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18. Lehmann, J., J .P. Jr Silva, C. Steiner, T. Nehls, W. Zech, and B. Glaser. 2003.
Nutrient availability and leaching in an archaeological Anthrosol and a
Ferralsol of the central Amazon basin: fertilizer, manure and charcoal
amendments. Plant Soil 249: 343-357.

19. Mulcahy, D. N., Mulcahy, D. L., and D. Dietz. 2013. Biochar soil
amendment increases tomato seedling resistance to drought in sandy soils. J
Arid Environ. 88: 222-225.

20.0rts, W. J., R. E. Sojka, and G. M. Glenn. 2000. Biopolymer additives to
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