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Competitive effect of Pistia stratiotes to rice and its impacts on rice yield and

soil nutrients
SHEN Shicai, XU Gaofeng, ZHANG Fudou” , JIN Guimei, LI Tianlin, ZHANG Yuhua

Agricultural Environment and Resource Research Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China

Abstract: To explore the spreading pattern of the invasive plant Pistia stratiotes and its effects on agronomic features of
rice, paddy field experiments were conducted to measure the impacts of P. stratiotes on plant morphology, biomass,
competitive effect, grain yield, and soil nutrients under mixed cultivation of rice ( Yundao 2) with P. stratiotes, utilizing
replacement and additive de Wit series. The results showed that in mixed culture, mother ramet plant height, tiller number,
biomass, and flowering plant number of P. stratiotes were obviously suppressed, and the inhibition rates were significantly
higher than those of rice. The relative yield (RY) of P. siratiotes and rice was clearly lower and higher than 1.0,
respectively, showing that the interspecific competition impacts on P. stratiotes were greater than impacts of intraspecific
competition, whereas intraspecific competition was higher than interspecific competition in the case of rice. The relative
yield total (RYT) of P. stratiotes and rice was significantly higher than 1.0 for a ratio of P. stratiotes to rice of greater than
1:1, demonstrating no significant competition. However, there was serious competition between two plants for a P.
stratiotes ; tice ratio lower than 1:1. The competitive balance ( CB) index of P. stratiotes and rice was significantly less than
zero, indicating that P. siratiotes had less competitive ability than rice. In mixed culture, rice grain yield was increased by
3. 54%—13.38% , which resulted from increased effective panicle number compared with monoculture ( CK). During the

growth of P. stratiotes and rice, P. stratiotes consumed more soil potassium and phosphorus than rice, whereas its
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consumption of soil organic matter and nitrogen was less than rice; soil nutrients absorbed by P. stratiotes was obviously
reduced when growing in mixed culture with rice, and there was no competition for soil nutrient utilization between P.
stratiotes and rice. All results suggested that morphological and biomass characteristics of P. stratiotes put it at a
disadvantage when grown with rice. Moreover, a suitable density of P. stratiotes would prevent its excessive consumption of
soil nutrients and at the same time increase growth, reproduction and grain yield of rice. Thus P. stratiotes could be properly

grown and applied in cultivated rice fields for the purpose of fodder use and environment purification.

Key Words: Pistia stratiotes; rice; competitive effect; grain yield; soil nutrients
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it UL ARE

IKIFIE (Pistia stratiotes L.) J& K BB K E 09— Fp AR B PR KA BEARREY) R r=F 28, BLE T 24048 T3 Gy
Mo IX 7 R A R A M KPR A R S PR W B T BB — PRI SR AR o BRI AR R
— A B R B AN A A T DS A BB AR A 2 K TR RE W SR A PR R R
FLE N P K %" HAEI5YE Cd . Pb Cu Mn 25102 3505 K ANAT 547 3 40 50 EL AT B o A0 v A R I SR VE 2 I
BT KPR AL N A SRS A 375 T 52 2032 3k 0 FSE T, (FLS 45 7K 07 3 B AE 4% ok B 2 0 T 450, 2013 4EHi i
754 HE KRS T BRI K PR 58 3 WK V7 S L se b B R 3, R [R5 8 45 A R KIS A5 0 BE AR i A7 e I B 25 57 Bl
Tl 2 o Xt - R A MR M IR, 1EL S T K T -5 /K R 114 5 40 0 A R X 7R 7= B )R ) 8 AR A T A AT

AR S R E A REAL ST, F7 IR de Wit ™ BUR IR B85 32 AEs 0 2R 81 ) B3 7 S R 5 7K 07 S -5 7K R TR Ao 4% 2 o A
TEAS AR Rg e i 8] 5 S RUNT KR 7= 6 L X BSR40 s i, — T A 4 s 2K S 5 /KRS B R [ 5 S AL, 5 — T
IR TE AR KRG H A AR AR AR
1 LRERSHRFAE
1.1 SIS Hb SR

SEUG s T B WTALAR = B A Aol B2 Bt R /K RS FhAE K ( 104°56'E,26°45'N 4K 1 968 m) , SZE& /K R HH - BEHE 134
8, HA 0—10 em +J2 HIEBIAYE N A PR 81.78 g/ke, &4 2.21 g/ke, W 1.23 o/kg, &8 2.01 g/ke, A 121.37 mg/
kg, TELHE 71.32 mg/ke, HALH 693.88 me/ke,pH {H 7.45, HOKMEM RS RAF, KEF L, IBEHN 1131 C,

1.2 SEEREl

BHRKTEN =/ 2 5, AR RHF B & EYI T Bk R 5T RO 3R . IK PR3 (Pistia stratiotes L) BUH = HH T i&
H B B UK RE B (23°99' N, 101°63" E, MR 529 m) . T 10 Z4E3K K7 AR Y M K TRIAR AR K RS HH AR 3 Wik R R 41
Y iR
1.3 g B R s

Sl W) R DL A8 7K RE AR 25 B, S 7 S AR/ KORE o [ 5 00 SR IR AL 9 i 3, 76 SR T AR A ) 2% — e AR R T
2 de Wit BRI 7 B B K IE S FK RHR AN O LL IR 6:0 501 301 . 1:1 .1:3 1:5.,0:6,, A4S/ N X Rl 255 2 K 360 #k/m’ .,
S KPR SR KR R R AR I SR B R 9 A R S A B G A VR I R A BT O 1, SR KR 5 2 11 52 ol 60 B/
m’ KRR R AR 0.30.60,120 180,240 #k/m? ; 2 1R A LU AR /K V7 S X 1y % B2 A B b A BRAE St BR ., IE SIE 06 R S
SREPLEETT, B E A 4 R 3T 72 AR E . AEAY/NXEAUA 1 mx 1 m, £/NX AR 0.35 m, B4~ /INX R SR} T 35 B
IEKARSNGE . SEBSFFUATT 1 A2 K, SEB e B R IR AR K T 5 £ R E 2 M B9BE R 2—3 em, 2012 45 H 3 H, A=
A IR RO B KRS SRR IR ELN T, BERERI A R/ DA — B (BR 1.6 em MR ECR 4.3 FIAYBERCH 0) Y524
B, FH SRR sy, BRI WA, 5 H 5 B TR BRI AR TRE L 1 A B A — BOUKRE Y (RRES 5.6 em . 3—4 B1-1AN
SYBERCR 0) H BT RS R T N P B AR 20 40 A

S B  AR rAS AE H IN X FK RAEAK IR AS M A TCAE B AR K 18 B BRI A 2 i SRR MR IE 7 2B 4, 2012 4 9 F 25
H 253K R Rl 1 B YR BT A4, 7R/ N BEALIM UK 17 3 SRk FK R SRR 4% 25 4, A B ORSBAEE 1 mm) T 5E 7K
TEIEREVRIR IR IR AR RE LRI 10 FIAR A 5 0 SRR IR S RIK R SRR A BE AL P AEAR B S5 AT AR BRI RN F 8. AR5, 7 9 B
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M R A,

HRAEK PRI SKARBIRR R RIA KR , H/NX 5845 5 0—15 em Fl 15—30 em 2 2. K5, 25 SHUE + )2 L HERE 5
Ktz P A B 27 Bl PR BE 0 TR 52 T A W AGE I 0 58 A AL L AR Al A R G R A e A S
3T
1.4 BRI 553 Hr

ARG P (RY) 124 G P ik S (RYT) 20 RS2 4 P A 50 CB) 170 Sl 2 40y o v 5 U 5% 40 ) PR RE N S 4, 31
BT B P AR R YRR,

RY,=Y,/Y B RY,=Y, /Y,
RYT = (RY,+ RY,,)/2
CBa_In(RY,/ RY,)
K, a b IRERPF B FRRY, (RY, S5 YIFD a FIPIFD b AETRART AT P2 8 Y, Y, A BN R a A4 b A6 SR i ) SRk
FEhL (SRR R ) Y, Y, R a AR b AR IR AN B B R

RY {H R AR R Fp I 28 7 5 4 (280 . RY = 1.0 B P9 RVRH (] 35 4 KP4 24 3 RY> 1.0 FR Al s 4 K TRl 4 s RY< 1. 0
FORMETE S K FRNTES . RYT<1.0 20 2 MR AILEAG T4 J1;RYT>1.0 £ 2 Yifh 2 BA 24 ER RYT=1.0 £ 2 9
Fofr s B R OB IR, H— b Al LA GE i 55 404 55— Fh ol 25 0 CB, >0 UiHIHIF a B35 4+AE ST LLBIFH b 585 CB, =0 UL ¥Fh a A
Yifh b SE4RE IR ; CB, <0 ULIAIFl a (564 RE ST LU b 555 CB, MR UL TR a 135 50 AE 145

IK TR S KRR A S bk MRS Sy BERL AR IR 7RG SR T DPS v9.01 MU 2R K 5 J5 22 43 1 ( One-
Way ANOVA) il Duncan’s #5256 47 434 , Fh 15 45 0 R FH B —FEAS ¢ 55 (one samples ¢ test) 43 48 RY \RYT 5 1,
CB 50 M5,

2 RS
2.1 KV SIKFIRF X A A Y2

WFoe st R KPR SRR A bk o EEs AR MG SRS A A BN E R (R 1), KPR RS AR
R 4 35 TR, WA/ R 280 L 91385 000 T 32 T B2 ALK 5 7K R LA o B B S0 S/ N VR | I K 17 32 2 B L f91) P v T SR T 1 5 4%
TR L 81 AR X A I Sk oo P 00 ) 23 P B A L2 B A i % K V7 3 B R AR A SR 25/ 2 BRI H ) 101 B
KN 19.29 em, SR 5 SR T WK FETR A LU ) v AR 1 20 ALK 5 7K RS B AR R SR R B b 38/ IN T IR, I A 7 S22 85 2 L 49
o T TR TR 0 5 25 TR L 51 /K R /K 7 S AR A B 3 B (K Az B 32 . 3 BERO T, RN RTR RIS 7K RS ik ) BE
A B TR AR SR BE AT 2 TR A, F ) 101 iR/ 1,25, SR BE RS TR i EL 51 T 5 098 2> T i ¥
BN 5 K RSB BRSO IR Sl /N T IR | B /K 73 8 LA T v 17 0 7 180 5 45 YRRl L 81 7K R X 7K 97 3 43 BE R 410 i)
B KT 2 B R

F1 RFMEHTKEFESKBHIRSHENENE CFOELRHEE)

Table 1 Morphological characteristics and biomass of P. stratiotes and rice in mixed culture ( mean = SD)

it H JKIFHE 5 KRG TRAN L) Mixture ratios

Item 6:0 5:1 3:1 1:1 1:3 1:5 0:6
Hem IKIFHEREBR Mother ramet 4.774¢0.10a  3.7120.03bc  3.79+0.06b  3.71x0.02c  3.69+0.03¢  3.56+0.05d -
Height/cm IKAEHERK Genet - 86.55£0.49a  81.89+1.54h  86.34%3.17a  76.39:0.95c  76.83x1.34c  70.93+1.09d
MK IKTEIERERE Mother ramet — 17.40£0.37¢  17.43£0.52c  18.59+0.53b  19.29£0.21a  17.49+0.19¢  18.01x0.21b -
Root length/cm KA EERR Genet - 48.39£1.05b  49.51x0.51a  48.61:0.32ab 35.28+0.76c  35.06:0.54c  34.10£0.32d
SrEEs IKIFHEFERE Genet 3.13+0.15a  2.26+0.04c 1.62+0.02d  1.2520.06e  1.67£0.04d  2.5120.06h -
Tiller number IKAFEE Genet - 10.12+0.10a 8.3320.03b  7.61x0.03¢c  6.16:0.08d  5.21:0.09¢  5.02x0.08f
;T;er/jf:/% H IKIFHEFERE Genet 3.34x0.05a  2.85+0.06¢ 2.010.06d  1.82+0.04e  2.06:0.06d  2.94x0.06h -
panicles number JKFE LR Genet - 7.23+0.16a 5.67+0.11b  4.99+0.06¢ 3.06:0.07d  2.68+0.03¢  2.44+0.04f
P4k KRR Genet 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 -
Seed number JKFE R Genet - 515.14+30.58a  468.37+21.98b 349.89+25.10¢ 222.62+17.01d 194.41+11.12d 142.38+12.68¢
SR KRR Genet 2.57+0.03a  1.3320.04c 0.90+0.04d  0.78+0.03¢  1.55:0.08b  1.57+0.05h -
Total biomass/g JKFEEERR Genet - 26.10+0.24a  20.08£0.21b  16.37£0.35¢  12.10£0.12d  11.03x0.12¢  9.35+0.12f

W~ AN FRFRR ST B MR FHFRERARE, BEKFH 5%
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AR D, K TR EE AR A R AR TR F LR 11 At R /N R 0.78 o, SR 5 K RS TR Bl LU 51 - e s /0 1 328 3457
B 5 K FESEAR B Y i R BN TR A K VRS B EL B R I T TR R B KRR X K i AR Y R B
PR RFHZEMGIZ, A ST, K7 T RIFAEAGE SR 7 IC 2 BRI 0 ; 7K 07 E SR AR T AE MR B o e
SRR TRAN, LB 121 WHR/INR 1,82, 585 B A R TR AR L 0 T i ARG 20 107 28 57 34800 5 7K s 5 Ak 45 A1 AR ORI b 7 5 P o i 2 3%
INTFIRAR K 775 B O T8 10 2 8 0 25 VR L9 R KRG XK PR A AE R B A I 2R BE K T L2 B I =R
2.2 JRIFIES KRR TR

TFFE 45 SR K TP IEAR XS P2 (RY) TR A LU 101 et dRefI , W 7K 77 S L 91 51 s A0 (6K 7 S 38 238, /KRB AR X 7= 1 (RY) B K
TR Al L 8] g T S 7 AP 5 K R S A AR 77 5t (RY) 3 W 25/ N T 1.0 FIK RS AYARXS 77 5t (RY) ¥ W3 KT 1.0( 3K 2) , RIAK R
SR B) 5 4 K TR N e A MK RE AR NS5 e K TFRPIEISE 4. KRS K RETRAD EL IR TE4ET 101 BHARXS P BRI (RYT) &
FZRTF 1.0 BF BN 11 AR P BT (RYT) B2/ T 1.0, 0 K 75735 Ho 042 1o ek 7K 9 3 FOK R A7 AE S8 VR, T 24
IKRE L B R i) (KPR KRS = 1:3) HAFAE G S B o /K IR SEXT K R 1) 5 4 A 6 500, TR 45 1 T /K I S X K RS 1Y) 5 e 4
#(CB) BE/NT 0, RUDKIFEIEX KRN TS T/ KRS,

R2 RMEGHTREESKBHEANTE ANTEEMEZS FEER(CFHELRMER)

Table 2 Relative yield, relative yield total and competitive balance index of P. stratiotes and rice in mixed culture ( mean+SD)

S o IRV AR K] 7 f IR RS bonaa =Yl MR
K H"’:;':[ Z; J:j?ﬁf d kfgl:iti ;Zf J}iﬁfﬁiﬁ leﬁatij:&ild fotal co:pinjfiﬁce

(RYa) (RYb) (RYT) index ( CBa)

5:1 0.52£0.01b " 2.79+0.16a"" 1.66+0.08a " ~1.6820.03¢ **

3:1 0.35£0.02¢ ** 2.1520.14b " 1.25£0.07h " ~1.8240.04d *"

111 0.31£0.01d*" 1.7520.03¢ ** 1.0320.02¢ ** ~1.7320.04¢ **

133 0.610.03a " 1.29£0.06d ** 0.95+0.04d * ~0.7520.02b "

135 0.61£0.02a° 1.1820.01e * 0.89+0.01e ** ~0.6620.03a"

[l — S G /NG FRAM R R TE 5% K F S AW R M B2 MK AES 1.0 f10 25 BEH, « A+ 53015, 0.05
H10.01 K52

2.3 KRS KRR IR RS KRS = 8 (1) R

HH3 3 T UL, L5 B AR A LK RS P AR IR RN S5 1 R A B AR BRI R T 240 RS0 AR B A, A & A B S5 %)
MR 227 B3 By et K TR 60 BRIFAE 1 hm® 1K 5] 5954.95 kg, AR 94T IRA14F 1 hm® B 5253.31 kg, 5% IRALAR
e, 1 hm® AKAEHE 7= LBl Ry 3.54%—13.38% , K IFIE 5 BE 60 TR A, B0 5 B 7K 17 34 25 T 38 IR B I AT i i KA1 . o 7= 4
BN ZE AT A3 0l S0, AKRS B AR R SR R0 B SR TR E 7R X R 4 5 4% A B R 45 A TR A4 22 S 38 R 0 38 KRS 8 1 m® A R
BRI IF SR T 240 MRS HRAUARN B3840, A S Ab B S5 3] R 25 57 38 A AR B K LBl 1.11%—19.37% , A Xkt
B K V7S -5 K R TR R ) 3 3 39 K RS A SRR AR 4 s K R T

®3 BMEMTKFEN KB BN BMAE RN CFELbRER)

Table 3 Grain yield and yield component effects of P. stratiotes on rice in mixed culture ( mean+SD)

KTRIERRE A5 1 VKA AR A IR SR ThLE PR PR
Density No. of effective No. of grains Seed setting 1000-grain Yield Yield increased

/(¥k/m?) panicles per m* per panicle rate/ % weight/ g /(kg/hm?) /%
0 383.31+12.40b 71.37+6.33a 84.28+1.25a 19.19+0.43ab 5253.31+251.39¢ -

30 434.56+17.79a 68.47+3.74a 84.75+0.87a 19.07+0.51ab 5678.52+240.62ab 8.65+0.45b

60 457.56+16.65a 68.49+3.24a 84.23+0.88a 19.01+0.30ab 5954.95+281.91a 13.38+0.82a

120 437.45+17.29a 68.41+5.40a 84.81+1.88a 19.11+0.46ab 5726.96+215.68ab 9.44+0.61b

180 431.28+15.27a 69.86+3.18a 84.66+2.21a 18.89+0.32b 5675.22+129.62ab 8.49+0.45b

240 387.55+13.79b 71.39+4.51a 84.37+2.03a 19.66+0.51a 5426.57+111.42bc 3.54+0.21c

2.4 KIFHESKRRIRFIT L E3% 5 (1 R

FoT L AR KO SE R H R HLTT AL B BRI AT A E IS R R N T A AR R (E 4) K
TRV XS A ML AR AR AR R e K 1, 578 0 RRAL B #E 1 25 5 40 1155 5] 18.66—34.09 g/kg Fll 664.93—683.67 mg/kg, &
B K PR A: K T T FE R R Y R4y, BEKIR SE SR BE R I, H A PLBT L R & B 240 K 2 B 3 W 2 B 5, 3R b
A 28 AT T MR AT AR, 3 55 K I S B R AR 1) 43 BE BB 0 RN A Wy i B SR A G X b, B A K T S AT %
R A3 BEESCRN 53 BEAR PR AL W it I S5 4R 50, KPR T8 30K B 4 BE BRI S A W f e K, B AR 38 430 3816 143,255
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K I 2 240 BRI 2 BERCRI AR Wi M d/ N, 23 K 6.03 1 14.71 g, TRFN ST BRUSAH EAb , /K17 28 B b 38 4 S A AL
A B R D A X IR (3R 4) , HrP oA AL SR BT R S SR R, 5 28 1 TR A B R 22 A ik B
14. 11—18.34 g/kg H1 476.13—490.26 mg/ke; B A I /K V7 TR FP 235 B 08 38 AL & 0 40 & S B Wi B AR, (B4 R 24k
A5 A SHLTR] 4 2 S AN W 33X 5 K T S B s A 72 A A A S, 150 I TR Aol AR R AR I S X - % 40 T A, (B LA AR % T -
FEATTHRERREMAA /N, A LU ) 252 B T 7K 97 3 B 5 YRR A Xk - 3855 40 W e B, K RS VR R B X 7 77 R S 5 A T R T AR 2R
o AHUT 1.71%—58.61% , 225, 1.67%—49.55% , 2H 0.00%—74.07% , 258 2.63%—72.04% , W A 36.83%—98. 93% , # 4%
W 53.58%—72.12% , # A 26.32%—30.36%

TR A A KRS A LT AL B B i /N T AT AR R (3R 4) e KRS T A LB A S A R B R
1, 528 U AL B FE R 25 5500 W R 44.57—48.72 g/kg Fil 235.26—255.84 mg/kg, F WK R 4E KT B FE KRB0 IR,
FHEE LT A B S YRR 2 A B R 1 25 IR B R I OK VR SRR 2 B X K R 3R A i R AR, R BE
TR DR 2 AR SRR R AR A 22 T R 2 AR ) )2, B4 L E BB /) o X bE B RhoK PR S5 AR A K RS + 38543
Tt KIRTE LR B R AR T KRS L A MU A B s TR - R UDK IR EA RS R TR HE LT ELZ N
B BT RS, M KRG NITEFE LI P 2 E AR MAITE
3 g E4i

FEAE AR I RE A AR AR F SEAS R A 2 BT SR 3 4 B 0 AOGE - 9 F A0 I i 2 A 5 p s AR IR
BEAIE B A H Y B0 (9 f 3 . R TED 36 4 06 R TP T A RRAE AN A ) o 2 e T A 38 4% , S AR U A A L AR Rl B
— SR I A AT S R R A A i BRI AR ST TR AR WK IR S R K RS AR B, FE TR SRR AE A AR A B RAL T
A A5 3, R Bt A S 2 A5 BB AR 7K 77 3 o A T A 4 18 K T S P B R TR T K, AN AT AR A i
XT L B, 5 7K R TR A et 7K V7 22 ] s A 2 A 8 A P R [ 3 4 T R R M 32 4 g o A TR LU A SEAR X 7 B 1 W 3
/NT 1.0 FKFEFER = 0 E KT 1.0, UK PR ] 58 4R TR N e Gk ARG IR N S 4 R TRl e 4, K P73 5 K S
TRAN L BIR Tk ST 11 B AR = i SR 25 KT 1.0, IR L /INT 121 B ARXS ™ SRR 2 /N T 1.0, Ud B /K V% 32 Lb B4
WK PR RUK R AR AE ST G VE D, 0 2 KRS L i i ORI KR = 103) AP e B e R E . MSE - P d5 50E | IR A 4
T AKX KRG 0 TE R B /N 0 ¢ MBS I 4515 5 0 1Y 25 3k 3 i /KT, B 7K S X 7S 1 3 4 1 /TR AR

KPP S KRR T 6T K AR (DA S AE T A W X, KPR A RN, 4 BEBE Jy5m > ARl 1
A TE R B AR N A BRI AT AT M R WK RS R R K, X BERE 13 b A PR SR BE SR, KV SE AR R TR AR o 45 R
(AR , KR ZE AT i KA R TG R ZR RN R I /A 3 T i 8 R e, it K R A T P s B 2% 38 20 9 55 7K o 3 59
TR T TR , TR B S B TG RR AR Aot A 2 K R 5 BN AR /N S R A R AR A AR T, X 5 PR K TR S
Pl—0 IR AT K TP SR AR 155 B K TR SRR U 510/ T 8 4T AR 18K 5 K 77 3 B R AR A AR TR A L] 101 S dRe K, SR
A 1 B AR Al L 8] 5 v a2 i 32 T AP 5 K I S B 23 BE S T AERR BRI S AE W i AR IR A LU 101 s/, SR Rl K A TR
ol LU A5 e FROBLZD TG S T HE A0 . AR AR HE R = o> BERR SRR A b RS AR i P KO R 5 KRR A L A8 T W 1
T, MK SR K A 36 4 0 AH BB 2855 /K RS TR Ao XoF 7K I S22 1 0 o 236 3 R T L2 B A i) 2 . /K PR IR A R TR K
T = s s, 387 L5 Ry 3.54%—13.38% , 2B 5 RUR K I 35 b 2 38 KA P i 4 s R R v i A g, IR AP R ORI S
IKFERA P NE IS, KSR 2R 00, ORI FH A ME B CRR 43 ok 1 TE KR 2R + 22, 1 L, 2B K 5 1A Bl /K 72 35 37 A A AR AR 358
M A5 FET SRR S - b 3R 40 i, MR AUR 2 BRAS K R A R RBRAIG 7 5, 304 BSR4

AP A KR AR R PR MR KA 87%—919%" | Al i i ORI AR BUEAF IR gy Rl R 0 18 AR RS &
B KRR A KA T BT FE R R 406557 4% P RE SR R A 2 AL AR ; /KPS e e RIMTEFE R TK
i, A ML A AT R MTHFE/ N T KRS, SR AR 7 S 25 B3 I K 22 b R A LT L BRI 2 it W 25 3R v,
0 AT P A 20 B T - HE TR A TR AR K 3 5 R A A AR I IR ST 4 SR B, KV S SRR I B R R AR K R S
OYBEEL JFAEAREL B AE Y R BE AR (R I TR AR BT MAKIR SERERR A Wy | Rk 2R g AR R AR A ) A
W AT, Ud 7 (78 52 £ K 235 [ PR b e e 25 8 8 7 7 S e PR 5 e 0 88 50 T 48 K T 2 W) 35 AR R S B Re 1 ) A g, 1
T30 TR Al AT B PR T /K P S 1 A i D R R o R SR T MR - 4 P Y R R SR s B, TR, A
b PR SEE DA 2 B 3G - A LT AL B T B A R 4 R 2 A A SR Y 25 RN W 3 X S K PR R AR e AR Ak
AL, BB KRR P AR K PR 837 0T FE , (ACAAR 2% B % 35 A THRE A2 e/, TRFPBS /KRS A ML L i
e S X IR 22 5 0 3 (A A 3R] A 22 S N 0 3 BRI KO 3 S K R AE 18650 00 EAREAE SR 0 R, R BR il FOKIF
K FEAR A 22 5 T8 AN [R) R B 1) AR R 3 ) o

B2 ARHIE R TCIS R SR E AR 2 A Y8 5 T, KIF & 5K L #R 58 i T4 3 KRR IR A mT il K 7 2 2 K
B, BTN - 3% 43T E 5 T K TR S VR A el A R R SR FH 855 43 B S /N, b K R A 4 B0 G I AR T R 7 ka8, AR IE R
R KRS 38 24 A /K PR FAR T R D RERR SR XK A /0N (B T B 1 38 S A% K ik AT WA, S FOKIRE S K
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FER A H 2 SRR (0 2 i) ALEE R AR BRI S5 15 T — 25 IR AT GT, LAE R /K A8 £ Fh SR AR /K 38 1Y A 3R
RIS BRI T i 4 T AR A A LA IS
Bigt BRI & K Y = — K24 ( Trinity Western University, Canada) Z4E#2% 2 David Roy Clements T8t X 3 SCI 2 AYIHE (4,
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