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RAMER2, G, HARDT, Whad, A, EeAkl
R (DR B R TR RS, N 3500025 AR M, (EVDRY 2B, M VIS e 80 5 25 60 P 30
FCKE, W 350002; R MR RSB, R 350002; LA M K SEHLA TR B, i 350002

WE YT ERRES TR S TR IIRES, ket iz vl BOR B EE /1. TR BB+, FARgEImE
(Stromanthe sanguinea). %% 177 (Calathea zebrina)f12k 4T (Hippeastrum rutilum)7E 5 25 Bk s A1 6 R8I 3 T
BB T IR, FRMERm v S FLEHE, SRR (1) DRSS ERKh g 5 YR 5 8 T IR S A [, BFEy)
) BLA m ORI A S T I BBk B8, 5T N AsBsCs (As, U=1.5x10"V; Bs, T=1.5's; Cs, 7 =65 ms); LM H1T N
A3B4Ci (A3, U=1.5x10" V; By, T=2.0's; C1, 7=5 ms); KIAZL HA4B4Cy (Ag, U=2.0x10" V; B4, T=2.0's; Cy, 7=5ms). (2) H
Wi BT A R RROK, LR B T IR R . (3) Mk ERIZ M R, MR B EE ) 5B B AEAESS 6
FHL37) T P 3 22 2 AN B35 (P>0.05) - (4) AEWIRE I B T B 0 5 it v RFLRHIE R R &), Bkl B3 16 F Tk v S AL T

AL K, HORE T RE 7
XIF R, BREIE, Mkeblg, JelE, <AL

ROKE, INEIF, &R, WL, AW, EREK (2017). kil i35 1E FX RSO B 1 5 FLRFE R &R %

iR 52, 744-755.

B AR 2 B8O B FE IR B ) AR A RN B
H 25 52 ] AT 559 (Krueger, 1962, 1972, 1985;
Krueger and Reed, 1976). HAE N &2 S & 1 —
AN EAR bR, H AT T 0 A0 B AR S % 70 Th
R, WERCE RS TR, RE AR e A AR I R O
(Griffin and Kornblueh, 1962; Krueger and Reed,
1976; Kosenko et al., 1997; Kondrashove et al.,
2000). V2 573 W A0 1 [ A 2 RS AT 1L O,
A ARG 5 AT I RN R = e, R S MRS R R
F(Fh4k B 45, 2010), B#AKEL I 03 (Wakamura et
al., 2004); Z&fifm ik =N LAEMIE T, RIS
(Nakane et al., 2002)% . Jx 2, TERZ 58T 2SR
o AR B, N AR T e AT A 2 I 3K L (Krue-
ger, 1985; Wu et al., 2011). # i &1 #E N TS
H) “YEAE R (FF2A, 1983, 2001; R AR R
%,1996). 115§ L LLO, (H0), M1 (OH) (H,0), M
7 2\ A7 £E (Griffin and Kornblueh, 1962; Wang and
Li, 2009; RA“ME&E 2015). HAR A7 E T
IR B T AN TR A R T R AR K

WA H 3: 2016-12-06; #%:52 H#: 2017-05-04

(Y 5 RSO o R T 5 I R R TR, AR
TERTE L i AR S SRS . FARIRES TR, &
REdTFREESETFEAW NIRRT E
FARFF AP (Wang and Li, 2009; Wu et al.,
2011).

BB I RE B A R B ) AR AT SR S A
RS EN, 7081 8 EEE K 2500
ion-cm™; FEY5 YLI A, OB T I B & T
N0, AR TIE T S S bR (U TR E N1 500
ion-cm™3). TH7EZ A, ARIX . I8 AT A2 el S5 4
EEIX, B TR ATIES 000 ion-em L k(2%
274, 2001; RIEFEE, 2001; RS, 2014b). S5
RITE TR e AR AR AR 2 SR AR Ry, T 38
T B TR (RS AN bR A, 1998; B A
2007; X4, 2011). [FEf, 78 FIREZHERS
RIS, B . K. 2SR ki
IR G 45 0 5% WA RS R BE BB S E R (B R
2008; 4SS, 2013; F&%%E, 2014; 1%, 2014;
FEWEFZM TR, 2014). B2, ARSI
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FE izt s T2 IR, SR NBFAE = N TAEATE
SR, TLF 5 4K 24/ N (1)80%—-90%, 1%
fEASABAT TGV 52 2K B AR PR G b s 5 M A U A7 S
THEH S R(EHIES, 2014, R MEEE, 2014a),
BAR, AN R T IRE T L

H A, XF 87 T 5T 5 B0 & TR B R
BB S B 25 43 A FEAE (HR ¥ 58 A B PR 2%, 2000;
ZIREE, 2008; ffi X\ F5F, 2013; BREZE, 2015), ¥
B B IR EE S SRR 7 I o0 R (B SRR DOk,
2009; fiZ %4, 2010; #H[A45%E, 2013), sk
T 5 X AN [RI R 1) 70 -k B 5 2 UL E VAN (22D
T4, 2010; Wu et al., 2011; kUi fIsk @4, 2013;
Liang et al., 2014; {Lt B &, 2014; %1% % 55,
2016), M GBS TR E A A VRN (B AR A2 5, 1998;
U AR, 2005; HEVHVRSE, 2013)% . WA
AR B LRI R IR . SR AT S (201 1b) B 5T
THEYTEBSRIRE T E R FIIEE ), fal BRIk
A T YR ST B IR TS, SRR
BT IR B B i K AL 300 fon-em ™, BEfE 5]k
RAEDFRE R BN A R . AAEHREY, &k
Jik#(Tikhonov et al., 2002, 2004; A= M4 2014b,
2015; 3K 5 #%, 2015, 2016)F158 )% & (Wang and
Li, 2009) 1] ¥ 3 £ =i R 57 85 -1 Re g, HHEINAE
IR T B B IR R 1) A R Ak ok R T AR A 3 AR
it 2.

ST RIR S Ik L AR s R S X A A R T B
T, LARAEYIH SRR AR S R
B B TR I MR R, BATIEHE R (Syngo-
nium podophyllum). F & (Lilium brownii var. viridu-
lum) A1 81k (Agave sisalana)ZE10F0 % L. 5 T Fhik
HEBWEMERREY AN R, WRENAFS
500 ik i e 37 R A ) 5 FBE P s R SR S8 T e 0 B T £
BTMReS, KAk EIER T, YRR S
RE 1 5 R SRR C &R, DU TR B9
re AE PR TR B8 ¥ RE 70 R e T

1 ME5SRHEE

1.1 EYPHR

IR TR DA R R R T 265 o R A e T 7 88 1 1)
omy, FATE B A B (Syngonium  podophyllum

Schott). H & (Lilium brownii var. viridulum Baker).
§l| )ik (Agave sisalana Perr. ex Engelm.). &7
(Stromanthe sanguinea Sond.). Zk % (Cordyline
fruticosa (L.) A.Cheval.). 25 17 (Calathea zeb-
rina (Sims) Lindl.). Z&Tii £ (Hippeastrum rutilum
(Ker-Gawl.) Herb.). K585 (Neottopteris antiqua
(Makino) Masamune). J%H %i(Saxifraga stolonifera
Curt.)f1 )\ ff1 4 %% (Fatsia japonica (Thunb.) Decne.
et Planch) 10M 54 (£ 1) W50t G . (A3
THEEEMN AT G T, R YIE RSN
MK —BUGRERSER, TE VSRR II3IREL . A
YA RIE R (S 1223 cm, 19 cm, K15
cm)dt, REUG — KR E B MFRT Tk

1.2 HABETFREHNE

S T20164-6-8 H AT, EFIZBNT I R, K
FEFE N4 mmBEES ] Sk 980 cmx80 cmx80
cm ¥ AT 2 A QB B 5, 78 3L — ANl T 104
mmx104 mm{P)/NE L, & HRK/N5DLY-4G-232%!
S I A R A VT A, AT 5 B FH B 14
AR A (L) o R B o, A B A
B OES, DREETAE FNECOE O LS
RTI A T[] — 7K P o 67 Eg 9K B FH DLY-4G-232
RSB IO, RS I A dE, JFdE it
RS-2324% [If& 4 2 ra fixi, 3% 22 52 B 24 (] 150D,
X150/ H0 4 (1 ~F S5 (B A E 2 A R R T8 B8 1 R R B
B, ¥ 32H H G 5B B AR AR E A
TZARAS R 57 B8 TR FEAE

H SRR A T A WDRE A7 B R FE 1 ) S B L
B2 HRA, B Lo [ LA T
TE) o DL 7T S A A N B B = P i B 1570, LA
TH B B3 = P S B IR BE RS . RN R L
R, ARILNE 241, F3REE )7 IR EEIE
VBN H SRR T Z A W15 2% BURBE T 788 IR
1B, 244 B (1) 508 Tk BE 3B AR i TE HARIR
B TR E T IR EE.

Jhk i E 37 A P T R A R BB B A R T )
R E LN, BRI ECEED) . KR AR AR
AP P H P R B CHE AT I, AN T3 ko ¥
4 H HU=0.8x10"-2.0x10* V, ki iEFET=0.5-2.0
s, MkhoEE 7=5-90 ms. B FTHE 0 AN (5] 5 B ik
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®/1 oA xR

Table 1 Tested plants species

F:2  IEAEER R
Table 2 Factors and levels for orthogonal test

Code Plants Age  Plant heightx

(mon- Grown bread-
th) th (cm)
P1 Syngonium podophyllum 14 20x20
P2 Lilium brownii var. viridulum 13 70%20
P3 Agave sisalana 24 45x30
P4 Stromanthe sanguinea 12 30%30
P5 Cordyline fruticosa 14 60x50
P6 Calathea zebrina 12 40x45
P7 Hippeastrum rutilum 13 60x40
P8 Neottopteris antiqua 14 40x40
P9 Saxifraga stolonifera 12 30x30
P10 Fatsia japonica 12 50x40

PL1: &3, P2 HE,; P3: SR, P4 BT, P5 RE,
P6: RN AT PT: KTH4; P8 K, PO: EH I
P10: \ff4:#t

P1: Syngonium podophyllum; P2: Lilium brownii var. viridu-
lum; P3: Agave sisalana; P4: Stromanthe sanguinea; P5:
Cordyline fruticosa; P6: Calathea zebrina; P7: Hippeastrum
rutilum; P8: Neottopteris antiqua; P9: Saxifraga stolonifera;
P10: Fatsia japonica

Bl 2B = I R YRR TR R R
a mEERKP R b Bk iREL o BRETME d: H
fixi; e: BB, Y, o0 WTIARLLT &

Figure 1 Schematic of detecting negative air ions concen-
tration by plant in a sealed chamber

a: High-voltage pulsed generator; b: Pulse probe; c: Air ions
detector; d: Computer; e: Glass chamber; f: Plant; g: Adjust-
able insulation platform

Level Factors
A (10°V) B (s) C (ms)
1 8 0.5 5
2 10 1.0 35
3 15 1.5 65
4 20 2.0 90

Ar Rk B: ik albe; C: Mk oE
A: Pulsed voltage; B: Pulsed interval; C: Pulsed width

FL 37 6 AL DR TS 7 85 - RE D IR 52 ), SR FH BRI 3R (ke
HL AL ik 1] [ B AN ik o 96 FE C) - 47K (R 2) I IEAS
Wit sesh, i BE16M LT, HACFEIANEL . IE
HIT R ke A R PR BT FE B R 2241 IS emd 3N &=
BR(ERS emy), 2 Ji it ik e 370 . 3URE & 1 1
T A AE iz bk b B AR R AR AR 6
T IR AR

1.3 Bk ip{E A RTEEERE S

NIRFE IR E SRR E TR I MR R,
ITEEE T34 SLERdH, RIXREZH(CK). SEI0AZHFIBAL,
HARBREE . KIELL(CK): X HEYIAR B 1 358 it fn
FE kb B 37003, FIPINTEK HVP-407 1 il & 28 3%
FTDO1000/2000% F fifi f7 7~ P 2%, RHUE 4 E)
IR HME, [ B e 47 5 R B o S AR AZH: A Rkt
HIE B, SEIEREY A SV (), 505
BAL: S tEMki EIAIE RS, SLERMYIAL L,
I B $57 A U A 47 7 L R A7 8 PR R B o

14 BAEHIEREFATEOBRKAET
o

S0 7E Hipoint 740FHCG IE 5 72 F8 h b 47, el
Fy 0] 8 ARz 4 SR FH Hipoint HR-350 6 1 43 1 A (3] &
6 90-100 000 Ix, W& K H360-760 nm). S
56 15 B XoF B AEL (A Tl o fik e e 3 4 D) R0 1 35 L (O
AN AE 0 it o 5 A Pk o e 37 ) ) . ARSI AR E 6
AL FE (IR KF), EPO. 500. 1 500+ 3 000 6 000
112 000 Ix, AR EL . BT TR K
IR, R AR A G R B S T RE T

AR
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1.5 HEYMHRESALOHT

YRR T SR AL E R Y
KA, PV E LR LL(CK)FI2AN MR ZH . %o} JE 4
X ESRIRES N A KR AT AR, SEIRdH: XHEY
Jita 0 B A ok v LS R, FRSE600FD J5 HEAT K RE, [
ARSI 7028 - PRV P A o EURE AT g I S 30 o Jok
%70.3-0.5 cmkb, KR EHIEBE-5 cm?IE 75K
ANBR, T RFAAVEWR T 8 247N, 60.0°CK 4073 4k
J&, F130%—40% X E R ENIR 24/ N, 2 J5 e FH 7%
TR, RO i) B R R, FHO.5%[E g g, il ik
Il B 7] A (5K 9K &%, 2008), fEOPTEC (DV320))t2#
A N IR R o 3R R 1 U S I Jhk ] X 3k

100 —CK
80
60
40
20

0

17, BERHEG L0 S BEAT /0. D622 B
20x45 N LB FLECR, 40X NI EA T R A
FLIH . TEATIAR . 72 E2 FLECRFFAERT, W5E 200
ANBUE G BCT 4, ALK 96 B g e B AE T 5 S R
200/ E50{H 1P 3448

2 HZREWR
21 ESTHEYBRHABTFRENHZN

2050, B ARRA S LORM AR A 45 K & I BRI
B TR I E ARG . =5 A B (CK) A L 1-(PO)
A7 IR BEAE R A BRI AR B o P Ra . Horp,
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Figure 2 The changes in negative air ions concentration over 24 h for plant varieties under normal condition

CK: PO soil without plant; PO: Soil; P1-P10 see Table 1.
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25 [0 R 43 K 0 4B T A/ 929 fon-em ™,
B KAE 938 ion-om ™, AR RBEIU BS T B (K K
HXKE, BAMELIL 008 MM A S FIREHEERKR, N
94 jon-cm™>, S 7% [0 I AR B TR B KB 254
SIFRAE23:00B: K AE S8 /N, M35 ion-cm™. LI4 KR
TSR IR BE R I o BT, SR AT RIS T
WS B K, H81 ion-cm™>; AT R 2,
HUENT6 ion-ecm™>; KTHLINT5 ion-em™, HiF#3;
AR, A6 ion-cm™. S LOFE R S
TR FE [P S5 H () A7 AE 5 35 22 7 (P<0.5), {H & AE YR
GBS IR BE AR 20t 22 e AR /N e N RS E AL ]
BIERI T 25 R CUE H, BRI 7T=E A LA,
FLARAE YD RE L A B T VR B 3548 1 R B B (7:00AM—
7:00PM) ) T 1% 8] 15} B (7:00PM—7:00AM) (£3), H
H UK 65 SR B A W R, A B TR S 25%

22 EYMERABFRESEHESHIKMEL

AN T7) 55 B 19 ik v B 3 X6 288 R TR S - IR AR FHAR /)N
(36-140 ion-cm™>), AbHE A TG i 2 (R 4). K
PrEEAN RIS kb A E T, BB B T (1 g

TEAEZES, WEHE 452 644—1 730 800 ion-cm™
(F24) . AsBsCoib B N 5 B8 FIREE I I, RER
TBRAE ORI 22 773. 745 . 18 Tk B Fe Ak
(b NAB,C,, WK YIE 452 644 ion-cm™, &

F3  ERIRE T REP24/ N BS54 BE 1143 T (fon-cm ™)

HoH A T REAE 11105 955.81% . 77 Z M0, 43y
7 ORI A7 B8 1 (R B A Ak 3 A AB3Ca e TE 58
kI E R T, HORR IS B 1 BE 0 (R A5 1Y 28N e
2%.

2R T SRR SRR T 0k FE 4 4E 0 85-262
ion-cm™ (4), PLAsB,CAbFE R 1 B T (R il e
B, A TRIEEIM3.215 . 1M LAABCo1E
FI R BB TRE 11859, 1985 ion-em™, 5 HRRE
TR IAE /(81 ion-cm )T . SR % Ab B GRH 1
VPRI S TR JIAN ), (S Ab B A) 38 T ¥ 3 22
o JIZESHTREA, AUSKI L 0T R TR B R
FIFEAE R F M (P<0.05) . BGIEMESZIG KB, AsB4Cy
DGR BT e ORI RS B Bk B I A

A TRLLRE TR AR 2 1 Rk BE 3411 8 559-330 356
ion-cm™ (3k4), PLALB,C/F A T IR e B o, /&
HHESTHA 404715, 5HESAHEEREZER
(P<0.05). B TR B ¥ e T e /NI S AgBsCa, 98 559
ion-cm™, RHES FML14.165. FTESTEY, Bk
TR T R R fk e i FEE 38 0 OB TR A7 B T IR
A 2 (50 (P<0.05) . B ilE 1 S K B, A.By-
Ca& H i OB T B8 7 I B FE kv 3 & S 8,
WS 1518 9330 356 ion-cm ™.

5 BRRAE T S PR S T IRe S AL, it

Table 3 Analysis of negative air ions concentration generated by plants among 24 h in natural conditions (ion-cm™)

Code 24 hmini- 24hmaxi- 24h Daytime Nighttime Max/ (Day mean—night mean)/ Day mean/Night
mum mum mean mean mean Min Night mean mean
CK 29 38 32k 34 31 1.31 0.10 1.1
PO 30 36 33j 34 32 1.2 0.06 1.06
P1 36 56 46 48 44 1.56 0.09 1.09
P2 48 94 63d 68 57 1.96 0.19 1.19
P3 35 81 58 f 63 53 231 0.19 1.19
P4 64 91 76 b 79 74 1.42 0.07 1.07
P5 48 71 579 58 57 1.48 0.02 1.02
P6 71 90 8la 80 83 1.27 -0.04 0.96
P7 56 90 75¢c 76 74 1.61 0.03 1.03
P8 39 82 579 64 51 2.1 0.25 1.25
P9 44 80 62 e 58 66 1.82 -0.12 0.88
P10 40 58 48 h 48 47 1.45 0.02 1.02

P1-P10fF#1. CKRMIPORIE2. [FFI% 5G4 F/NG FBER IR & i PR 22 7 2.3 (P<0.05).
P1-P10 see Table 1. CK and PO see Figure 2. Different lowercase letters in the same column meant significant differences at the
P<0.05 level.
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R4 ANFESEAOK IR RERER R T IREZ B W CT EH{E R )

Table 4 Analysis of negative air ions concentration generated by plants upon different combinational parameters of pulsed

electrical stimulation (means+SD)

Treatment Factors Average of negative air ions concentration (ion-cm™)

A B C PO P4 P6 P7
A1B:C, 8 0.5 5 363 a 452644+21866 n 91+6 a 8605+983 f
A1B2C3 8 1.0 65 38+2 a 471667+21881 n 92+8 a 9581+948 f
A1B3C4 8 15 90 39+2 a 535311+25007 | 9445 a 8559+874 f
Ai1B4C> 8 2.0 35 44+2 a 494667+27146 m 98+8 a 88324543 f
A:B1C4 10 0.5 90 39+2 a 795822+53569 k 95+9 a 2020041478 f
AzB,C, 10 1.0 35 38+2 a 822267454244 | 88+8 a 22473+1381 f
AzB3C, 10 15 5 373 a 813022450909 jk 85+7 a 23236+2467 f
A2B4Cs 10 2.0 65 41+3 a 872734+55664 i 91+4 a 21801+1643f
A3B:C; 15 0.5 35 105+2 a 1564444+119680 d 226+20 a 181311+20261 e
A3B2C4 15 1.0 90 107+2 a 1628244+191548 ¢ 250+40 a 21844433270 c
AsB3Cs 15 15 65 109+3 a 1730800+£195344 a 233+16 a 191867+32167 de
A3B4C1 15 2.0 5 107+2 a 1670933+187634 b 262+28 a 208067+34590 cd
A4B1C3 20 0.5 65 130+2 a 1186667+103135 f 170+39 a 301933+30237 b
A4B2C, 20 1.0 5 1295 a 1264000£117184 e 179+18 a 330356+30322 a
A4BsC; 20 15 35 13443 a 1136800+83461 g 215+33 a 32264429865 ab
AsB4C4 20 2.0 90 140+4 a 1038133+83109 h 164451 a 318156+36925 ab

PO: #L. P4, P6RIPT[RI1. A, BRMIC[FZK2. [FIFIA /NG FRERRIEA [ S E0 Mk v 3 /8 F TR 1R — & il ) 22 57 2. 35 (P<0.05)

PO: Soil. P4, P6 and P7 see Table 1. A, B and C see Table 2. Different lowercase letters in the same column meant significant

differences at the P<0.05 level.

IS [ 5 FE (R kv 37, LD TS B8 F HOIR BE R A
FIFEFE AR . BRGEH EATFE40, ST F AR TIAL
FE TR B 1R e 7 AE A 5] 5 B2 ik i e 3 4 R 3947
7E 5. 3% 2 7 (P<0.05) (#%4).

23 BEABTRASHEMREENXAR

K5I, AW DA RS R & T
MIREI R IEAHG . KT S B AT FE AR T
HRZH I 41 B iR FE I A v T A BAFIBZH . Rt
BT S 1 B R R A 3N A R W) G 3 2 R A (P>
0.05), KB MFEMAKTILEATEA, B AR EMH
550} HB 21 AH L35 22 7 Wi 3 (P<0.05) .

SR Pyt HEZH (1 F 5 N F R (B R S 4L
A Pk o H ) A B R AN [ RR BE I R0, Herp BUR
2T 1) H s S B e K, 92D 1 78.4%, S TR
4362 000 ion-cm™, LRI 4 772 R THRAT 43 5 vk 2>
65.8%#163.3%, 15T 51 757 467F1260
ion-cm™, LRI AT R B HEIE N =%
e, HIEBN B T EE I E B/ WAL ERZH AT
SERVTLLE H, MY b R I kR 5 CKAH L

FEAE L3 72 57 (P<0.05); 1T F YA B R S5
HL R AH G sk 2> T 88.1%, A B UK FE H CKIg b T
99.9%; G AT 2RISR THLAL AL Ak v 1 43 i) sk 2>
1 90.4% F195.5%, i B ¥k £ 53 )l ok /b 41.5% Al
99.8%. AbPEBALH, IFPAE M M M A B it — P 3
I, BRI E FRR 1R B ARIRES T /K F (3R 5) .

24 BROBTENSARENXR

B 6 R A1, ANt 0 ik i v 37 VE I, 3R ik 7 28
T IRE JIAE & IR FE T AR MRAR AN, ORI 85 1k
¥4 H935-43 ion-cm ™. SRR B T RE
JIBEG R (3G n & B, R A AR IR R /N,
{H - Ab B R] 3477 ik 3 22 7 (P<0.05)(3%6) - 7E K HL
BERT, LIEMIMHEMBER SN E TR ESHES
A LA B35 $E 1 (P<0.05), H.FH %t I8 R 1
m, YRS TR RS s A IR
L HEIE B/, 7512 000 It HE B N HBR 47 8 7 1
WPE R BBRDIRES T B L5185, LAGRI: 1 77 1 14 1 A
R, HBH S TFRIRE 20 IXT02.0%%, HBE 7
BT IR AR D, FRME A 310 ion-cm™.
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®/E MR AR SRR TR AR R CT M E AR E)

Table 5 Analysis between voltage of plants and negative air ions concentration (means+SD)

Treatment Calathea insignis Calathea zebrina Hippeastrum rutilum
Voltage NAIC Voltage NAIC Voltage NAIC
(10%V) (ion-cm™) 10%v) (ion-cm™) (10%v) (ion-cm™)

CK 5.13+0.33 a 1757467+218808 a  5.50+0.14 a 260+33 a 4.32+0.11 a 362000+35957 a

A 1.78+0.10 b 2119488 b 1.44+0.26 b 152+11 a 0.91+0.06 b 706x29 b

B 0.51+0.03 c 896 b 0.66+0.04 c 856 a 0.50+0.06 ¢ 775 b

CK: AR AR b 358 it o 552 HE Bk h HL 37 (R A AT 352 U=15%10° V, T=1.5s, =65 ms; ZLM 4474 U=15x10°V, T=2.0 s, 1=5 ms; %
TRLL: U=20x10° V, T=2.0 s, t=90 ms); A: Hi i th kb izt @il Lok vk S EE s R 2 e RS B st fik ok
BN, S PR SRR . NAIC: B TIRE . [F5IAR/ING 75 R 2% 57 1.3 (P<0.05).

CK (control group) refers to the condition when pulsed electrical field with optimal combinational parameters is applied to the
rhizosphere soil (Calathea insignis: U=15x10° V, T=1.5 s, 1=65 ms; Calathea zebrina: U=15x10° V, T=2.0 s, t=5 ms; Hippeas-
trum rutilum: U=20x10% V, T=2.0 s, 1=90 ms); Treatment A refers to the condition where optimal combinational parameters of
pulsed electrical field are applied to the plant, and a wire is used to connect the plant to the physical ground (earth); Treatment B
refers to the condition where optimal combinational parameters of pulsed electrical field are applied to the plant, and a wire is
used to connect the plant to the ground. NAIC: Negative air ions concentration. Different lowercase letters in the same column
meant significant differences among various treatments in the same species at the P<0.05 level.

R6 ikl e IAE A A DG I RE N RO 2 IR R 73 CP I (H AR AE 22)
Table 6 The negative air ion concentration of plants under pulsed electrical field stimulation in different light intensity (means*
SD)

Light Negative air ions concentration (ion-cm™)
intensity (Ix) Sail Calathea insignis Calathea zebrina Hippeastrum rutilum
CK S CK S CK S CK S

0 35+2 ¢c 12743 a 53+2 e 824400+£88904 e 762 e 156+16 a 6612 e 202067+24109 c
500 3612 C 13612 a 69+3 d 17262004£186594d 804 d 27528 a 69+3d 298289+36482 b
1500 37+3bc 138+2a 792 c 1769911+191872 ¢ 83+3c 284+28 a 77+2 c 308156+36967 b
3000 37+3bc  135+2a 81+3 c 1831378+198645b 80+3d 297+30 a 7915 c 328644+39232 a
6000 43+2 a 140+2 a 90+3 b 1813622+197187 b  106+3b 29630 a 93+3 b 328200+38992 a
12000 39+3 b 139+3 a 1384 a 1895200+205601a 128+3a 310+3la 134+3a 308156+36967 b

CK: ANptimfkt g e il St sHE it skl il FFIAR/NG FBEFROR FEFEYLEA F R AP T 2 5 .35 (P<0.05).
CK: Without stimulation; S: Electrostimulation. Different lowercase letters in the same column meant significant differences within the
same species using different light intensities at the P<0.05 level.

THERIZR AT A, BEERMR AR AL B o B PR AIG 17 11.0%, FE6E F 1 RE
HEPSE TR 98T R TR A B T IR R B I AR AE B 3 R (P< JI xR 21 760.06%, H ¥ % 7 (P<0.05)
0.05). 7EJIE % 3 000—6 000 IxHT, 3FAE B i 71 (&N

BTMRNBERAN R, MK HEIIER T, M ETENRAESS
SRR AR By — 3, JFE B B KA (BI3C, D).
I 2 LRI B 5 0 BB AR LL RS I 1 55.4%, %6 FE Y
B7209.4%, HP#E 5% R 2 E(P<0.05); < fLi

25 RBRHEOBTFRASSAKEBIHERNXR
LB FAERENKEIRERT, BARSHES

N RIS AN RS (ESA, B). SxfiEMEL, H
PEF T B AL BE RS I T 65.9%,  BE BE RS n T
67.1%, 257 5% (P<0.05); SFLA K LLXH a1 0
766.0%, MK T175.5%, H% 553 (P<0.05);

BURXIRAL3.86%(3%7; K3C, D), SILEEE Y
AT 5 T 2 2 5 (P>0.05), BRI TR T Y
H RN REZH I 3.44%, ¥ 2 7 A .35 (P>0.05). 4T
2L R ALIEAS 50 B TR sk A W 2 (KIBE, F),

© 0000 Chinese Bulletin of Botany



FATHESE: kb e I A RO AR 0 T 5 LRFIERI R & 751

B3 SRRkt AR R 3FE M B R ALTE SRR AL ) RO 52 (A0 W B 1 3R B A (1 S ALAFAIE)
(A), (B) 55175 ARkl e 32 MU~ S FLRHE; (C), (D) M M AT & &S AE ikl 7 0T A0S ALRRAE; (E),
(F) SRTRZLAEF AN ARl Fa 37 RN ) SFLAHIE . Bars=50 pym

Figure 3 The stomatal shape feature of three plant species under the stimulation of high voltage pulsed electrical field with
optimal combinational parameters (The shape feature of three plant species were observed under 40x objectives)

(A), (B) The stomatal feature of Stromanthe sanguinea under normal and electrostimulation conditions, separately; (C), (D) The
stomatal feature of Calathea zebrina under normal and electrostimulation conditions, separately; (E), (F) The stomatal feature of
Hippeastrum rutilum under normal and electrostimulation conditions, separately. Bars=50 pm

R7 S BIKM R IZHREC RE) LB R FURE 57 1 T (VR BE (T B AR v 2E)
Table 7 The negative air ions concentration and stomata quantitative feature of plants under high voltage pulsed electrical field
stimulation (meanstSD)

Plants Treat- Length Width Length/ Perimeter Area Stomatal Negative air ions
ment (um) (um) width (um?) density concentration
(-mm™) (ion-cm™)

P4 CK 9.7+247b 158+0.49b 6.84+3.26a 21.2+4.92b 11.98+4.64b 250.88+31.25a 8012 b

S 16.09+2.81a 2.64+0.84 ab 6.89+3.11a 35.19+5.52a 33.01+11.27 a 223.16+45.6 b  1740800+£195562 a
P6 CK 12.79+2.96b 1.38+0.4b  9.93+3.42a 27.16%6b 144547 b 84.28+21.45a 83+3a

S 19.87+2.84 a 4.27+tl a 4.94+1.49b 44.62+5.85a 66.77+18.54 a 87.48+19.28a 284+29 a
P7 CK 28.07+4.77 b 3.84+0.41a 7.38+1.43ab 60.52+9.58 b 84.77+17.88 b 51.14+4.66 a 72+2 b

S 33.75+2.6 a 3.45+0.78 a 10.46+3.62a 71.43+556a 91.93+23.81a 54.22+4.06 a 338156+36967 a
CK: ARHLIIKIF 37 R St Wi BB ik . P4 PORIPTIIRL, AU/ 7R i A A R 6T
AbHE R 2% 5 1 35 (P<0.5).
CK: Without stimulation; S: Electrostimulation. P4, P6 and P7 see Table 1. Different lowercase letters in the same column meant
significant differences among the same species in different treatment conditions at the P<0.05 level.

2 RS FLI K EE R IN T 20.2%, 7 5+ 2% (P<0.05);

W AT AL 4D T 10.20; LA 26 iR

18.4%, H7%RE3#%(P<0.05); BigMEFIae 2 A TR AR SCES R ENA R T AR EE
TR (14 696.60%, W& & I 1t 2 7 (P<0.05). H, W50 “4edR7 M AR, %
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AT E . BT, X YRE R B BT 5 3
AR TP FE R WA U N 3 Y PG BRI A AR
RET, BRSNS TR IR . RIS
(2011b)XF [ SRR AS T REBE R IG5 1 A B oG B 95 3t
177 A, KRBT I68FIIEY), BRIk
B s 1A 73 ion-em ™. AT 45 H T AL
G, MIEATHEMBERGE FIREETZ KT 5EEE
W IRRAEME (1 500 ion-cm™) (Z%24f, 2001), HitTE
VR A AT AR R ) 5 >R o (LKA 420 it o ik v 37 1)
B, RO T RIRE TR IR AR . RS
(2015) % ## JI 2% (Zygocactus truncatus), Tikhonov
&5 (2004) % Hh4E 25 (Aloe vera var. chinensis)jiti il
ik b e 3 B, R LRI B T B 15 AS AR
YR ERE . > A8 4(2008) L 2 #is £:45(2009,
2011) it — IR UE TZIR . AWFTCRIN, XY i
TS [ 3 35 1 Bk v R 3 08, ORI B T 1A 6 0 A7
ERR 2SR, A T B AR ik HE 37 AgB3Ca B
IR S R ) 2 S RAL #EA B, C, 3.8 . 1E
ANTA) 2 H ik 3 1 F S R AR TR B S T IR RE A
M), BATREYREN TR ) R, WA Ey
RS SR K Y . (B — 07T, R I
K, 2t O 20 B AN TS S A () R AT IS
%, 2008; #ig4%%, 2011). fEm ek BEIAIER T,
T RE TG B I e 0ok, IR T 850 T e £
Jik LYy, FORETBUAN B TR R 1358 A [IAR BE I AR,
JR PR AT BEAE THARAR L A W s B “ M 5 “ 1)
RE” WRHE(SI R AIIE 4, 2008). REFEYIAA &
A AR B T ORI B (R R R ik ok L, AE S R i
FEFARZ I A RIBCT, MRS RiF, BlUh
BT RIRE ) B R R LA B R 2 BB

[FINF, AHH ORI, Ght H AT F7E % 5 B ik e
WERE, BSOS RS AR IR RN .
WIRR W, WA S B AR E 0 AR EA R, Wi
it 0 ) Rk e B 30 v, T2 SR A L g SRR B T 5
BRI B TR RE (I KAk is 4, 2008; M4k,
2009, 2011). [ALtL, FRATTHEN AT et 0 i) ik e v 3 43
G5B H AT B W AR, RAEH KR
AR, MR I A7 B8 - (A 3 S S AN B 2

o 3FHEL 40 it o e A= ok o R A I 9 45 SRR
B, WY I AR S RO S T AR ) B IEAE
%, BRIP4 B fids A 1 e R 5y, LR USR5 1 11 e

JIE . DU R, SR ik R H15.13%10°
V% 50.51x10° VIR, HREH B 7 (KR8 S8 1H 2R
RAS F K89 ion-em™). FRATA A ETE R &
R EA S TS EYAR “RER”, XA EEE
T 15 BB A A 22 RO B A« BIAE” B “ T
R RIZBk ot o IE 2T R R i S T
b0 “Hem” o

5 ik e 3 FH XS AR A0 R T8 A7 B 1 1R 2 i A A,
JEHRAE — e P2 B A mT 38 s i RS T T ) R
O R EE R S M ) A VR B A B T RE I R R
Z — (X%, 2011). WangAHILi (2009)%] /% 25 & 184
HEAT G I,  h BUP 25 060 ' W f o 2 i R0, B
JEREFE BN, HORE A S R B R E A
AT S P S A7 A it 0 i E 3 I R X ol HE
i) 2 AN BRI P e i R A7 S - IR
FEYES 2 ETHES, (HAXEIER N, REETA
Y HARRES PRI S TR EAEESR, H
X6 BRI S LA AN R] o 2 i B FE R vp FELIA B, 3
DA A [F) 56 B8 BE R ORBE TR 1 1 B8 7735 HE IO 2
N, JR R AT RE R O UK T A i 3R O LA
N, f8OK S E BB M E AR R A RS . 5
Ah, A TOEKI, MY B AN I EH T,
JHEFE 3 000416 000 I BT 1 B 1 ik FE
2% 7% m7(P>0.05); MM GHEEE/NT3 000 IxE KT
6 000 I, ) 67 5 1 B M 35 722 ¢ 2 35 (P<
0.05) o FRATTIA i 1y > 5 2 1) O I8 i S (L 25 R VD AR 1)
“Hemm” nIRENL TRl —Z00, 53 000 IxH G HE EEAH
Et, 6 000 I HE B3 A R IO AL A4 B v — i 11
1B R RE

keI e fE, Y AL E R RS B
SRR THL A AR 2 5, 3MED B
SALTHRRALE Bk e U 3 238 s . LUREAT
FoR, AR Rk b R T e, SR FLTETAR 20
11.98#1133.01 pum?, BB IKBE F3 e 121 759.0
fis o BRAh, SALE R YR S I — A
HER R, 3FED b LLUE AT 1A SLE R K
ik LI A R RO B R e ) Bk, 5 R AT REAE
T SALRER A S ) — A R B K
i £ (2016) %} 4R 55 (Cotyledon orbiculata var. ob-
longa) % 3F il N E BHEM B Fi R B, HISR 8=
FAALYREYRE A E T REE. JRMpiEs
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(2008) 42 i 1 4B Wi ik L 7% M T8 P R TR A7
Bt BATHI IS5 RAE— € EAESE T RSLIE N
TR 1 S LB TE R UG, AL AT AR 28
TR, REAEMMM A LB & R A
1 FR AL R T R TR A T o (RIS T
KB, G H AT R AL T AR B R AR v T 3.8 1%,
1M 578 (KRR HARAE, (X284 jon-cm™. X[
BE 55 AN IR AL X ok o R 37 3R BB FR) 7R 52 6 AN RIS,
FLRAAG 5C, S8 v Pt n A4k e R 7 9 2 T e R A
B BT FRBOE TR R E T BE, ]
AL g, ERTHIN “RER” RAEATR
TR T RS IE e T R, iR e AL
BITFIRIE, FFORIE T BN (4 Jik e 37 98 58 AE 52 e e )
FETR BT BE ST R [R]I SCANK LG a3, 2
BETR T BE 78 AR 0 1 e

AR NAE VPR TR 8 1 ek 'L 37, HELA 1A
ERE I IR KA AU RS T T, AP
o T H S RYIR TR T RE G &R, Herb LUk
ML IS O B2 o 7R B AR MR
THIRE AR, Nkl Y e L Re V) WA R R, H
T BAT T ROR U S 1 I B R K o 3 o R %R
Jik AR T, B O R A IR R i o T
fIRE 2 BT . AN, MR T RRE S
Hafap i s I 2 ARG, MK, YRR T
IRE iR, F34b, VIR TR R 32 M
LA RS B RFAE, KL EAN R R (R
T AR R S5 ) M AR SHR R I 20 o TR, 7R 25
TAEH, FAIA e LB LA IR SR &R BT B
NERGHITTT .
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Relationship Between Negative Air lon Generation by Plants and
Stomatal Characteristics Under Stimulation of
Pulsed Electrical Field

Renye Wu" 2, Yuanfen Sun?, Jingui Zheng" %, Chuanyuan Deng®, Dapeng Ye*, Qingshui Wang®

"Fujian Engineering Technology Research Center of Breeding and Utilization for Special Crops, Fuzhou 350002, China;
%Key Laboratory of Ministry of Education for Genetics, Breeding and Multiple Utilization of Crop, College of Crop Science,
Fujian Agriculture and Forestry University, Fuzhou 350002, China; *College of Landscape Architecture, Fujian Agriculture
and Forestry University, Fuzhou 350002, China; “College of Mechanical and Electronic Engineering,
Fujian Agriculture and Forestry University, Fuzhou 350002, China

Abstract Under normal conditions, the capacity of plants to generate negative air ions (NAIs) is very weak. However,
stimulation of a pulsed electrical field can result in substantial improvement of the ability for NAI generation. We examined
NAI generation in Stromanthe sanguinea, Calathea zebrina, and Hippeastrum rutilum in glass chambers under the natural
state and under pulsed electrical field and light stimulation and analyzed the shape of stomata. We found variation in NAI
generation by plants due to the different combined parameters of the pulsed electrical field. Each plant has its own optimal
pulsed electrical field with a combination of parameters for efficient NAI generation: S. sanguinea with A3BsCs (As,
U=1.5x10"V; B3, T=1.5 s; C3, 7=65 ms), C. zebrina with AsB4C1 (As, U=1.5x10*V; By, T=2.0's; C1,7=5 ms) and H. rutilum
with AsB4C1 (Ag, U=2.0x10"V; B4, T=2.0's; C1, =5 ms). With the application of a pulsed electrical field to plants, the higher
the voltage, the greater the capacity for NAI generation. With enhanced light intensity, the ability to generate NAI signifi-
cantly increased with application of a pulsed electrical field. Without the pulsed electrical field, despite the slightly in-
creased NAI concentration with increasing light intensity, NAI concentration did not differ (P>0.05). Finally, NAI generation
was closely related to the characteristics of leaf stomata. Furthermore, a greater degree of stomatal opening and stomatal
density was associated with stronger capacity to generate NAI.

Key words negative air ions, electrostimulation, pulsed electrical field, light intensity, stomata

Wu RY, Sun YF, Zheng JG, Deng CY, Ye DP, Wang QS (2017). Relationship between negative air ion generation by
plants and stomatal characteristics under stimulation of pulsed electrical field. Chin Bull Bot 52, 744—755.
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