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Comparison of purification ability of aquatic plants under different concentrations of nitrogen and
phosphorus in tailrace of livestock wastewater

FENG You', CHEN Qing—feng"*, LI Jin-ye', GUO Bei-bei, LIU Ting', LI Lei'

(1. Qilu University of Technology (Shandong Academy of Sciences), Shandong Analysis and Test Center, Key Laboratory for Applied
Technology of Sophisticated Analytical Instrument of Shandong Province, Jinan 250014, China; 2. College of Geography and Environment,
Shandong Normal University, Jinan 250014, China)

Abstract: In order to screen the dominant species of ecological floating island suitable for different concentrations of nitrogen and
phosphorus in tailrace of livestock and poultry wastewater, 5 kinds of effluents, such as Oenanthe javanica, Eichhornia crassipes, Iris
sibirica, Thalia dealbata, and Iris pseudacorus and 3 kinds of submerged plants, such as Myriophyllum verticillatum, Elodea nuttallii, and
Ceratophyllum demersum were selected. The growth characteristics of these 8 plants under different concentrations of nitrogen and
phosphorus and their removal efficiency of ammonia nitrogen, total phosphorus, and chemical oxygen demand (COD) in water were
investigated using simulation experiments. Curve regression and Principal Component Analysis were carried out to obtain the
comprehensive evaluation of plant purification function. Results showed that the removal ability of Eichhornia crassipes and Thalia dealbata
was significantly higher than that of other aquatic plants at low concentration of nitrogen and phosphorus (NH;—N: 80~120 mg- L™, TP: 8~
16 mg- L™"). Oenanthe javanica and Iris pseudacorus had significant advantages in removing high concentration of nitrogen and phosphorus
(NH:-N:180~220 mg- L', TP:30~35 mg- L") and also had good adaptability. Myriophyllum verticillatum had better purification effect on
submerged plants, and its biomass increased significantly (P<0.05). Although Eichhornia crassipes has good purification capacity, it can
easily cause secondary environmental problems; therefore, it is advisable to choose carefully and adjust measures according to local
conditions.

Keywords: aquatic plants; floating island; nitrogen and phosphorus; purification ability; livestock wastewater
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Table 1 5 levels of nitrogen and phosphorus in tailrace of

livestock wastewater(mg-L™")

Ab B Treatments NH:i-N TP CcoD
C1 80 8 400
C2 120 16 400
C3 140 24 400
C4 180 30 400
C5 220 35 400
KA AT
_— Aquatic
plants
) FERE
Engraftment
basket
| 20 cm N

Bl amESFEREETEE

Figure 1 Schematic diagram of plant ecological floating island device
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Figure 2 Growth characteristics of plants in each treatment group
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Figure 3 Images of Eichhornia crassipes(a) ,lris sibirica(b) ,Iris
pseudacorus(c) , Thalia dealbata(d) and

Oenanthe javanica(e) roots
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R2 BEVHIKS
Table 2 Stem length of each plant

x3 ZEWHIRK
Table 3 Root length of each plant

R R Wit Gk DURKR o fE iRk gek TTRICE
Treatments Plants Beginning/cm End/em Relative growth Treatments  Plants  Beginning/cm End/em Relative growth
rate/% rate/%

Cl R 8.71+0.45 22.62+0.44  162.70+18.01 Cl RUIRE  7.4420.97  13.2020.68  81.09+13.76
B 15.29+0.81 18.15+0.79 14.68+2.93 B 12.03£1.57  12.58£1.75 4.32+0.86
W 45.59+2.38 48.01+2.34 3.37+0.99 FE  12.70+1.66  14.58+1.65 15.36+2.29
T 17332091 4594890  153.40+24.19 FE 14.88+1.95  20.51%3.52 36.34+5.91
K 12.30+0.65 32.53+0.64  160.65+24.19 KIE 6.60+0.86 8.89+0.38 39.54+18.67

2 JRRE 8.91+0.74 26.3140.74  198.37+19.90 2 KR 7372096  11.55+0.56  59.95+12.76
W 15.81£1.31 30.1243.35  87.66+17.55 BRSO 12.13+1.59  12.771.59 5.04+1.00
HEE 46.53+3.86 53.63+3.92 15.59+2.31 WG 10.5241.37  12.941.41 23.76+3.25
FhfE  18.33x1.52 47.57+7.55  155.51+25.28 FAE 11.34x1.48  11.79+1.61 3.78+0.61

K 12.54+1.04 34.86x1.05  182.12+25.28 IKIE 7.28+0.95  13.45x034  90.15+20.62

c3 XUHR 3 8.29+0.69 17.4240.69  112.67+15.34 c3 KR 9.40+1.23 16.15+0.82 75.33+13.48
B 25.18+2.09 36.8745.09  44.98+9.01 W 13.58+1.77  14.76£1.77 8.25+1.65
WENE 24772205 48.42+2.04  97.02+11.83 WEHF 6482085  17.05x1.41  167.51220.12

T 23.94+1.98 40.29+5.96  66.60+10.84 FhAE 5332070 13.6323.02  149.89+24.40
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KIF 12.75+1.06 49.60+1.08  292.60+20.93 KT 5432071  23.77x133  346.4134.21
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T4 EEMNERE =5 SHEWH NH:-N— B35 R EXSE(P<0.05)
Table 4 Fresh weight of each plant Table 5 NHi=N-t regression equation and related parameters of
W R R o DOHCR ok Pl (P00 E—
Treatments ~ Plants Beginning/g End/g Relative growth b Wi A ) ﬂ%“ﬁﬂ(*
rate/% b R Significance

cl RURSE  26.74+2.22  33.69:0.67  27.87+11.36 Freatments Plants - The formula level

)= 17.79+1.48  25.81+3.67  43.678.74 Cl KHRSE  y=96.278"" 0.0711 0.8406 W3

FHEWE 13.06£1.08  16.45+1.00  26.50+3.57 B y=87.251e"% 00336 08956  liF

I 17.06£1.41  43.25£7.61  149.78+24.38 WETE y=90.953¢ """ 00441 09202  BF

KIF 10.60+0.88  29.67+0.97 182.37+16.21 FAAE y=88.120e* 00509 08135 B

MIEHEE  40.60+2.03  109.40+9.14  168.57+9.02 KIF y=88.996e* 00399 08486 W

PHREE 43384038 45.33+1.35  4.48+2.23 MR y=70418"7* 00779 09847 ¥

SfPEE 38.97+0.68  54.99+3.22  41.45+10.62 BHRIE y=64314e* 00644 08788 ¥

C2 KR 28474236 37.72+0.62  34.42+11.63 Ll y=70.534e""" 00650 0.7955 B

o= 19.37+1.61  23.00£2.60  18.15+3.63 €2 JAURE y=138271e"""" 00638 09726 B

WEE 0 13.23+1.10  23.24+1.18  76.81£9.46 B y=139.336e""" 0.0376 0.9514 B

FAFE 21224176 35.04%5.02  63.50+10.33 HEW y=197.767¢7% 01228 0.8835 B

K 12.80+£1.06  31.15£0.94  145.60+14.08 AL y=165222"" 0.0789 0.8819 B

MEHE 40474202 111912935  175.63+9.26 KIF y=123.191e7 0.0457 09898 B

PRI 43.24+0.35  46.52+1.34  7.57+2.18 MEE y=104.615¢""" 0.0585 0.955 1 i

SfaPE 38854065  56.05+6.99  44.58+19.30 PHREE ¥ =86.484e"% 00356 09481 W

c3 KURFE  15.70+1.30  24.86+0.15  60.48+12.78 GfapE y=79.220e"" 0.0378 0.9187 e

Bl 25.6842.13  27.27+2.56  5.98+1.19 c3 RURSE  y = 140.334¢7°™ 0.0355 0.9256 e

WA 28712238  41.87#2.30  46.63%5.92 B y=167.385¢""" 0.0547 09560  BF

FEAE 22.50£1.87  34.20+4.62  50.70+8.25 FEE y=125.903¢"""* 0.0282 0.9807 B

K 17.90+1.48  33.87+0.85  91.04x11.06 PIAE y=135.191e™7*% 0.0274 0.949 1 B

MEEE  39.79£1.99  112.60£9.41  182.04+9.48 KIT y=140531e" 0.0390 09896 W

RIRHE 4251036 43.47+1.33  2.21+2.25 M y=144.563¢"™ 0.0557 0.9398 B

4 38.20£0.42  61.17+7.16  60.48+20.27 PRy =125.950e7> 0.0473 0.790 9 B

c4 KERSE  9.34+0.77  17.4620.09  89.33+14.16 SfadE y=120.197¢"" 0.0365 0.8577 IES

HE 26.74+2.22  31.62+3.55  17.69+3.54 C4 RUIRIE y=161.312¢"""" 0.0233 0.9057 B

WEEE 25.27+2.09  47.96+2.40  91.24+11.16 R y=178277¢7% 0.0250 08437

TEHAE  19.69+1.63  27.46+3.46  38.47+6.26 WENE v =166.705""" 0.0246 09977 B

KT 16.35+1.36  41.66+1.30  157.05+14.74 FHAE y=185.130e"™ 0.0227 07856 B

MEHE  41.19+2.06  141.35+11.81 242.00+11.49 KAF ¥y =169.681e > 0.0270 09696 ¥

BHRBE 4401038 4636146  5.302.20 M y=145.896e""% 00428 09533 B

S 39.55+0.69  70.91+6.59  79.71x18.75 FIREE vy =137.066e°"°% 0.0450 0.949 1 3

s RUREE  13.66+1.13  35.97+0.66  166.27+18.20 Gt y=152.561e % 0.0422 09760  BFH

e 22.76x1.89  29.79+3.81  29.93x5.99 C5  JKUIRME y=208.75% "™ 0.0260 0.8854 3

HET 39.90+£3.31  61.924329  56.12+7.03 R y=197351e™ 00247 07295 B

e 17.72¢1.47  30.68+4.53  71.30:11.60 WOy =192.0227°°% 00336 08352 W

KT 22.05+1.83  32.44+0.66  48.57+8.90 PIAE y=218.514e™"'* 0.0212 0.999 6 B

MEWE  41.36+2.07 132.04+11.04 218.15+10.69 KIF y=2152237" 0.0223 09018 B

FHREE 44.20:040  46.20£1.38 4502222 MR y=198.122¢""" 0.0465 0.984 8 E

flE 39.71x0.98  48.70+4.53  22.92+12.82 PHREE y=211.298"""" 0.0371 0.856 6 E

Sy =192.810e7°°%% 0.0425 0.906 4 BE
BT e B R K AL B, 0 A K Bk B AR AR i 1] 1K 58.76%
FEME KRR G HA B RIE . 740, IR A 2.4 AEIZKEEWITEIAEKF COD FIEBRIE
X HAt PR AT A ) HA B 25 1 BRI RE T, 2BR AEKAEAY) COD—¢ [ )7 #2 X UL 5 9, & Ak B
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Table 6 Removal rate of NHi—N in each treatment after 28 days of growth (%)
AR 3% E PAI7E KT IFE PR skt et
4b 3 ) , B . . . 2
Eichhornia R Iris Thalia Oenanthe  Myriophyllum Elodea Ceratophyllum
Treatments . Iris sibirica . . . .. CK
crassipes pseudacorus dealbata Javanica verticillatum nuttallii demersum
Cl 85.48+3.43 58.63+4.77 71.40£5.62  78.32+6.07  69.06+5.47  23.84+2.09  9.30+1.21 10.89+1.30 13.87+1.47
G2 85.71+2.53 64.33+5.14  97.99+7.36  90.26+6.85  74.15+5.89  23.81+2.01  14.39+1.50  13.31+1.44 10.19+1.26
c3 63.44+2.03 74.93+5.83  59.23+4.83  53.90+4.49  67.36+5.36  23.83x2.35  20.68+2.01 14.13+1.49 16.39+1.62
C4 44.44+1.70 47.09+4.03 48.44x4.14 4597395  54.51+4.53 15.23+1.55 17.48+1.69  15.58+1.57 13.67+1.46
G5 52.11+1.83 54.07+4.47 62.64£5.05 45.12+3.93  46.40+4.01 10.79+1.29  7.03+1.09 12.73+1.41 16.87+1.65
iy 67.04+2.30 59.81+4.85 67.94+5.40 62.71+5.06  62.29+5.05 19.50+1.86  13.78+1.50  13.33+1.44 14.19+1.49
®8 BHEMEK28IFTPHERE(%)
Table 8 Removal rate of TP in each treatment after 28 days of growth(% )
ot WIRE  mRE KA mOE AOF WREE bR .
’ Eichhornia Iris Iris Thalia Oenanthe Myriophyllum Elodea Ceratophyllum -
Treatments . o . . . .. CK
crassipes sibirica pseudacorus dealbata Javanica verticillatum nuttallii demersum

Cl1 88.17+4.77  65.75+3.56  74.62+4.04 80.54+6.36  77.42+5.19  58.76+4.18  50.48+3.73 = 26.26+1.42 12.88+0.70
C2 82.57+4.45  75.73+4.10  41.19+2.23  89.88+4.86  73.29+3.97  24.48+2.33 18.29+1.99  15.09+0.82 12.06+0.65
3 54.53+2.95  58.64+3.17  75.90+4.11 50.42+£3.73 73.43+4.86  27.17+x1.44 1293150  11.48+1.23 13.03+0.71
C4 39.41+2.13 43794237  69.09+3.74  25.58+2.35 62.00+3.36  25.02+2.47 14.31+0.51 13.27+2.36 13.38+1.20
(O8] 51.64+2.80  40.72+2.20  75.17+5.07 35.80+£2.94  46.32+2.51 9.86+1.53 9.44+1.41 5.81+1.32 11.59+0.68
Ty 63.26+3.42  56.93+3.08 67.19+3.84 56.44+6.74  66.49+3.98 29.06+ 17.31+2.39  14.38+1.48 12.58+0.79

HHCOD 9 3 3 24 [t S 56 Bsf (1] F) 0B 1T I, 8
TR SE . AR b R/ IN AT DL , 45 A8 ) 7 AN [7) Ak 3
LB COD BB 1y 22 5, &5 & 26 10 P[RR A=
TP HE A 28 d J5 COD Y 25 BR 2 AT, JRUHR 32 1 2
Tl TE A A RIS, B K L BR 0T 3K 87.74% Fil
87.83%; 1M AR e Fl 4 P RN 22, nT e A Kad
R VR ST, R A KRS 580 T K AR
COD ¥
2.5 AEAMIEK EEW S BE N EEIEN

Xof SRR HEAT 32 LA 43 A, NHE-N L BRE (TP
LBRFE COD K BR AN 5T 1 R4 HHE X X
Xo Xo, BB FHAE I DTERB RN RSB FE 11,
F LTI, S AN AEFR A NHG-N 22 BR 2335 5] 60% LA
TP EBRERE 20% DL F, —F Bt ik Ris s T
90% LA b, BV # T NH;-N 2Bk % TP £ 5% .COD
Fo TR AN T KRR 4N R RR I 4 R E B
1 NHI-N £ BR3F TP LB R I 74557 4087, % 1B I
B X 8 Bk A= A ) 04 2 143 HEA A% 43 INBKR A, 45
JE(F 12) ] UL, 5 A4 K F 4 A 3 Rtk A 4 26 A T
W T P25 A5 AL RE T B o B 55 HE 44 SE KR ) A
C1 A1 R IR 35> F5 148> 7K 7 5 C2 41 b K > KL
IR > P 746 C3 A K> B> T ; C4
R K> > RUIR % 5 C5 41 Fp oy 35 3 > IXUR 3% >

B 3FUTKH Y R INRE B L AL RE ) ik, &
PRI AR g AL R I 05 o
3 iTig

NH-N () L BRALIE F SR Y AR i NHI-N
(A IR ISR A 7 A B A e L R0 K A A ) K
B IR K AEG  NHI-NAE R — R AN o] A )8
FEW T, B K A A P WA A P ) B TR IL
R A AL R R R K AR A B 253 AR
TS T Ry A A B A B A R 1 R T AT S, A T
AL AN SRS A2 TR B RGP B Y LBk 2
SEEE K A A 0 WO AN R AL 2E G AR T 2R
T T S5 Bl 2 0 A, T S 1 0l i Ay T s 118 Tl
b B B . KRR AR R A RE A
HERBE ARG, N IR i A0 . KA
RIS 55 46 ATP . DNA \RNA 25 i 4324, 24 7K
A RPN G X 25 Y g BV Bt R ) — dEe A /K S5 Hp
B . AT LUE L0 & & IR K R AL HE
ARG, K PR B EEAS LAV S AR, 5000
B E AR USINFE T AR, SOK A TP A NHE-N 75 51
FAIR 2 B2 T WOE A, R, 5 e A &
M 25 VAR L, AR 4 ) Ak PR ZH BT A )T NHE-N
TP #Y £k
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=7 EHEWH TP EV3FFEEXSE(P<0.05) F9 FHEWH COD— EAFREXSH(P<0.05)
Table 7 TP—t regression equation and related parameters of each Table 9 COD~t regression equation and related parameters of
plant(P<0.05) each plant(P<0.05)
iy O A I
Treatments Plants The formula level Treatments Plants The formula level
Cl RUIEE ¥ =11019e"% 00698 0.8406 B3 Cl RUIRSE  y =420.109¢" 0.0663 09574 @3
HE ¥y =10.002"" 00370 08956 B¥ B y=2399.198.""* 00339 09929 B
WET y=9.977> 00472 09202 @ B¥ FETE  y=453.949¢°%7 00447 0.947 1 B
FHTE y= 108590 00536 08135 B FEAAE ¥ = 4750757 00578 09702 W
KIFE y=10.726e"""" 00503 0.8486 W KIT ¥y =386.793¢°"" 0.0451 09748 B
MEHE ¥ =8.547e 00945 09847 W MEEE  y=526.356e"7" 0.0575 0.7980 ¥
BHREE ¥y =6.626e""" 00597 0.8788 ¥ RIREE ¥y =421.955¢"%" 00451 09884  B¥
GfapE  y=7.055""" 00313 07955 @ BF Aty =384.436e ™" 0.0416 09232 @ BE
C2 RURFE  y =16.526e %" 0.0644 09726 BFH C2 RUIRTE  y =458.762¢ 7" 0.0506 0.948 9 e
FR y=18207¢""" 0.0567 09514 B SR y=471.662¢""" 00405 09413 B
FETE oy =13.584¢7"""" 00217 08835 BE FETE y=536.236e" 00595 09053 @ W
FAE  y=21.396e""7  0.0987 0.8819 ¥ FiE y =488.891e " 0.0374 0.8917 B3
KIE y=15516e""" 00449 09898  HE KIF y=482.242e""" 0.0419 08015 — ®E
ME#E  y=15.676e"""™ 00219 09551 &% E#EE y=397.233¢°* 0.0524 0.990 8 S
PHREE y=15345""" 00174 09481 B¥F PRIREE ¥ =385.975¢7""" 0.0430 0.9590 S
LfaiE y=15.078""" 00147 09187 Lty =379.284¢ 7™ 0.0277 0.898 6 E
C3 JRUERTE  y=21.622"" 00280 09256 i C3 RUIRSE  y =329.643¢ 0.0676 07692 W%
B y=24460e"" 00321 09560 B SR y=362.639 """ 00527 09553 @ BF
WETE ¥ =22.153""% 00488 09807 i3 WOETH  y =346.390e°7" 00523 0.8878 W
AL y=22.906e"% 00236 09491 3 FEAE ¥y =451.224e°"" 00633 09289 W
KIE y=23.036e"" 00451 09896 i3 KIE ¥y =377.666e" 00464 09391 B
MR y=21.713"""" 00285 09398  B¥ MEEHEE ¥ =395.010e°" 0.0480 09775 W%
FHREE ¥ =21.090e"" 00180 0.7909 B PHREE y=416273¢°" 0.0349 08636 3
i y=21.619""" 00174 08577 BF Wy =379.284e 7 0.0277 08986  BFH
C4 RUR3E  y=28.293¢"* 00193 09057 W3 C4 KURTE  y =399.284¢°% 0.0709 09869 %
MR y=27.180e""""  0.0201 08437 B TR y=384177¢7" 0.0579 09206  WF
WETE ¥ =29.840e"7% 00425 09977 % WET y=381112""*" 00524 09768 B3
A y=29.786e"""" 00138 07856 B TSAE y=431.749.°"" 0.0660 0.9304  BF
KA y=277997"""" 00318 09696  BFH KA y=424.446e" 00717 09108 B
MEM  y=28221e"""" 00208 09533 B¥ MREE  y=415.324¢" 0.0673 0.9953 e
RSy =28.679°" 00140 09491 ¥ BHRSE ¥y =437.977¢7°™ 00255 0.8603  liE
St y=29.596e""  0.0128 09760 BFH Py =428.863¢"7* 0.0274 0.9820 e
cs5 KUIRFE  y =34.446e7°7%  0.0289 0.8854 B (o} RURTE  y = 406462 0.0625 09688  H3&
R y=32.932"" 00199 07295 B FR ¥y =409.246e"" 00613 09670  B¥E
HETE Yy =42507" 00534 08352 W Wy =433.55977" 0.0776 0.9948 e
I y=36.922""" 00178 09996  BE P4 y=392.861e "™ 0.0395 09889 @
KIE ¥ =39.980e 00248 09018 B KIT ¥y =351229¢""F 0.0433 09253 B
MEEE  y=36748""" 00187 09848 @& Ry =394.022¢°* 0.0532 0.9336 3
JHREE  y=38.484¢""" 00100 08566 B3 RS y =428.825¢7%% 00338 09803 %
LMPE oy =38476¢"" 00148 09064 BFE Ly =410.807¢7 0,028 6 0.865 4 LT

TEAR A K (NHE-N 80~120 mg- L™, TP 8~16 AW, R R T 822 5 7 A KE (NHE-N
mg- L) JRUIRSE P A8 AL RO B 8 F Lok 180~220 mg- L™, TP 30~35 mg- L") , 7K J5 Fll 5 & il i+
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Table 10 Removal rate of COD in each treatment after 28 days of growth(% )
wa JURE R e WER O GURR ek,
Treatments lmhho‘rma Iris sibirica Iris Thalia dealbata Qenan?he Myru')p-hy llum blodea‘ ‘ Ceratophyllum CK
crassipes pseudacorus Javanica verticillatum nuttallii demersum
C1 86.74+2.73  62.49+4.41  70.43+£5.03  79.02+5.56  73.87+5.28  41.64+2.98  29.36+2.10  25.55+2.86  21.99+2.84
C2 77.03+£3.55  66.40+4.13  79.53+5.65  59.52+4.23  73.14+£523  46.39+3.32  38.68+3.76  23.32+£2.67  27.87£2.26
C3 54.53+4.14  58.64+3.19  75.90+4.43  50.42+£120  73.43+4.23  43.11+£3.24  28.67+2.05  24.47+1.75  13.03£1.25
C4 87.73+3.21 84.33+6.05  77.81£5.53  86.94+6.21 89.56+6.40  48.85+4.49  20.76+2.48  18.16+3.10  16.77+2.47
G5 84.92+2.70  79.51+5.68  87.83+6.23  67.84+4.85 = 72.94%+5.31 51.14+£3.66  29.47+3.11  22.20+1.59  15.88+2.14
Ty 78.18+3.27  70.27+4.69  78.30+5.37  68.74+4.41 76.58+5.29  46.22+3.54  29.38+2.70  22.74+2.39  19.10£2.20
F 1 EFRAHFEDE TEKERRIER
Table 11 Matrix, contribution rate and expression of principal component analysis
Treﬁi%nts A F Factor X, X> X; X, Cn:t\riﬁljfion (;}Ei:nlujlﬁi? Effliftion
rate/% contribution rate/%
Cl1 H1EMS 3.053 0892 0.089  0.003 75.818 75.818 F =3.053X, + 0.892X, + 0.089X; + 0.003X,
F2EMS  -0.079 -0.204 0 20.214 21.939 97.758 F=-0.079X, - 0.204X, + 20.214X,
C2 EBEN W 0.596 0.937 1.697 0 65.768 65.768 F =0.596X, + 0.937X, + 1.697X;
552 EROY 0 0 -0.241  3.536 25.330 91.098 F=-0.241X; +3.536X,
C3 ERENIW 0.589 0.951 2.851 -1.459 71.153 71.153 F=0.589X, + 0.951X, + 2.851X; — 1.459X,
552 Iy 0 0.172  -0.403 12.794  25.902 97.055 F=0.172X> - 0.403X5 + 12.794X.
c4 1EMS 0595 0924 1714 0 66.267 66.267 F =0.595X, +0.924X, + 1.714X;
2 EMSr -0.130 0 0298  7.409 26.429 92.696 F=-0.130X, + 0.298X; + 7.409X,
cs H1EMS 0578 0956 3.805  0.928 71.797 71.797 F =0.578X, +0.956X, + 3.805X; + 0.928X,
B2 EMSr 0091 -0.150 -0.490  7.608 26.172 97.969 F =0.091X, - 0.150X, — 0.490X; + 7.608X.

R S de B B, T b BE 25 . AR
RIS Y A A A e RS0 B2 7K Hh A e S PR e T T 22 572
[ ol b 0 AN T R B R LR /K T 2B A gt A3 or
AN Foh, IR & R AR R X5 Y i 2Bk
AT BRAER, &k AR R ANAT R X5 NHi-N TP
B WAL, i A ) T B2 W P o A A S A TE B, DA
M4 & T e ag

HEARKE D KT AE A A I RS AR K (AN
AT St PR AR AT R AR o7 1 O VR S T 3 Y
I 7K e P R A A SR T R 7K, B ot
TR P B 3 T AR S R A e, DA A N
P2 TR R 5 v T T EL AT Ao ) 3 I Pk, E €3
C4.C5 NI FEFIH , FFAEPUI A2 Ak 500y 1 i
PBLE R KR DK A ) IR S Ak e ) e 5
2 sz v i H AT O K TR A s e (N
B HE AR LA R b K R D RE . DR AE
SRR Y SRR N R A AV B R s T
7K A R AL B AR, 2 75 AT S5 00 25 Ak Y 7 SR A
LR

UG HEZSTR B 0L A K AR (B SE B i
T, FE LA H A i R A 75 25 FE B =2 IRl
Tl Ao TR EESRTH T 10 P4 A 4 B A
BRI 22 5 W E Z R4 & BN TI7 B %K
RS YL 11 25 BRSO AR TR B — A N
TVEE . EFHIFEFEPIR T AR IAEE N A FK
AR A X B E IR AKAR A OR | kI kK
A B R+ B+ A AR+ R T B A
A A H B — ) S A A TR T R

T3 ANE TR T, B Ay 0 &5 1 B 21
a3, ANURE Ry i A A B AL AR 7] B B I o A A o
BTG Y . AR B T — S8 RN T b Rl
T3 & FEE K AL B, H R BR BB R T
F ARSI, G M R B R0 (2 RS = 90 1) FH TRt
Ab 3SR FE I 7K H NHE-N S5 e 2B 28 7] 3k 8795 3 Fip
gl X & & IR K TP B A B Ry ik 85%~
909%™,

g5 b, 2SI 0 ok AR R B (A B R
R L A R T TR AT 2 SR )
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Table 12 Score of Print 1, Print 2 and synthetic assessment of

R12 EREE 1 2EHPBIRESTEN

each group

%ﬂl}{ﬂiﬁ 552 ESy LA
e first The second X

s gy principl  principal TP

Treatments Plants ~ component component

"oy WA #Ba i B A

Score  Ranking Score Ranking Score Ranking
Cl JUIRIE  1.794 1 0.965 1 1.608 1
HE0.132 5 0.071 30119 5
WA 0.731 4 0.393 2 0.655 4
TIifE  1.666 2 0.896 5 1.493 2
KAE 1357 3 0730 4 1216 3
MEM -0.781 1 -0420 1 -0.700 1
PR -2.109 2 -1.135 2 -1.890 2
SfaE -2.790 3 -1501 3 -2501 3
C2  JAURsE 1.525 1 -0.552 4 0.947 2
BE 0717 5 =092 5 021 5
HETE 1.091 4 0.054 2 0803 4
FE 1.247 2 -0247 3 0832 3
KIF 1139 3 1.166 1 1147 1
MEH -1.320 1 1.864 1 -0435 1
PHR®E -1953 2 -0916 3 -1.665 2
AxfhEE -2.445 3 -0.448 2 -1.890 3
C3  JAIRE 0.692 4 0.036 2 0.517 4
HE 1.256 3 -1.008 5 0652 3
HHET 1769 2 -0.103 3 1269 2
P46 0.260 5 -0.183 4 0142 5
KiE 1770 1 0.679 1 1479 1
M -1.367 1 2.063 1 -0452 1
PR —2.001 2 -1174 3 -1781 2
AP -2.379 3 -0310 2 -1.827 3
C4 IR 0937 3 -0051 3 0655 3
HE 0902 4 -0935 5 0378 4
WA 1.524 2 0.015 2 1.094 2
P46 0.444 5 -0779 4 009 5
KiE 1.809 1 0.790 1 1518 1
IREE#EE -1.260 1 2.087 1 -0306 1
PriR#E —2.122 2 -0952 3 -1.788 3
AP -2.233 3 -0.176 2 -1.647 2
C5 KU 1.423 2 1.084 1 1.333 2
HE 0967 3 -0625 5 0541 3
HE 2.204 1 -0.557 4 1.467 1
e 0.394 5 -0050 2 0275 5
KA 0.769 4 -0372 3 0464 4
MR BE —1.349 1 2.038 1 0444 1
PHUREE -2.156 2 -0.788 3 -1.790 2
SfaPE -2252 3 -0731 2 -1.846 3

Tl 2 [A] R A7 20 A5 5 e AR v o B 358 A4 11 38 0
3, AL AT 7R AL v AT R A (R B AR AN K T A 2
RIVEY) ik B EE T BF AL RS I WUk . 3 4h , AR AT
55 JE AL RE M K A L A K PR AR 3R, BB X TS
YLy ) — 22 W B R, DA it — 20 B i AR AR TR
5 i) vk e

AR 2SR B I N P Hp R 3 R DR ] R
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