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AR -

BA K METHERN A S B IEIFE R B KIS
BANEE S = /0L K

ME"? ba’, Kmr"? aaEd
o ERR BRI, WM BB R A 5%, B 100101, sk ERRER K
VO SR, B 100049; S A AT K2, WA SRR, KA RBIRFT, HA

WE  HAAGRIT SO R EZANA KR, R EA KR & BB AR E 7R S a KR E B IR, BIRKAES
P o AR AR KRN B A ALK, 18 F s GiE R AT T HE KR A 4 25 (Phragmites australis)i Fr (OGS AFAE, Jf4h
AR, B AR, WA T N AR KR AR R RO R SRR, SRR UK S E(TN)RLE B (TP)
LRI T1.85-18.16 mg-L™ 520.01-0.36 mg-L~' 2 [f], H4:Za (Chl a)fliE i 4 (DO) & &3t F 4 1 90.60-47 .45
ug-L'54.24-11.4 mg-L" . KIAE EFRMBE, HIT HEHE. ZETZESTERY, RFETRE S22 AKAERTN,
TPAIChI afy £ 7% 7 . % (P<0.05). OGS R4 2 K S 22— B SHOh & mT a1, AKIETNE =8k m, R GIETE r] WOGIX
SIS, LU E R KA K T R (AP AL ) o AH OG0 AT R B, KR TNFITP & &5 W EIog(1/R)TE 1] WG IX 1
FRPER R, HTNSlog(1/R)MIAHE RE= T TP, A M A i al £ — @ 2 E EX /KB TNE R Z R, HTPH HIERHER
BRI . JEIERE S K TNE B2 LA A s, T F0 80 (PRI). 1B IEM 2= R UKHE ZU(MCARI) A1 541
23 25 H8 B (DCI) YRR BE 05 R K AR TN A 53810 1962.4%—70.9% (P<0.05), AT A /KE S B ER SN, % FKiF
W 7 R AR R AR A KR B B TR R AT, D R R A KB SRR AR T R AR S e A Rt T R R

LI TIAUK, GRS, REHRE, FRBEA R, %

RE, MM, RERT7, SREE (2020). FAKANTIIE P37 36 BOOGHE R X FOO K AR R B & BRI 2. R %44 55,
666—676.

AR KA N —Fh RS KR, |32 R T3 5
ML 145 2 (Chang and Ma, 2012; Lyu et al.,
2016). #RiM, FAEKPE. BEEFRB T REARES
TE R IR SR A AR IE B R, AT AR KON B —BY
F BKIR B s AR AR 5y B R R A, 1 oK &
B, M5 EAE I IE R AR R KA. Ik
X AR K ANA T TE KA L Bl o 3R M AT 55
MBS BT o

IR, 7% (Phragmites australis)ZF#E/KiE
YT B AN B A R AT I RE J1(Tanner, 1996; X
ik, 2019), H I G RAE <= bl A 1A N 2R3 1 AR
ZURH N UBE (BRI 4125, 2006; XIHEZE, 2014). 3T I,
Siciliano % (2008) A1 1 7 55 (2012 )i ik Wl & 1 %5 19 )6
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TR MR T K AR BB E RIS & . Siciliano
25(2008)7E BF A1 W, R I KRS R R S S A
PR RFIE 2 AR B A G R, 2 35 il R
B H K AR TE — BRIN (] Y I 455 B R L R K o X855
(2015 )i jo = Py 2 i SR AR AIE B, P 3 I R 7R T OB X
(1 [ S5 2R B A K AR U SIS I BRI R, A
Wi HAT X IR A 40 2y (R R B, T4 A Tk
e B IR . JC AR B B AR K KRR RN A
IR, PR AR AESIEE P icE WK 2
—, R FH I S ke 7K £ 0 B 0 T SR BT K AR
A2 A )T (K 96 %%, 2020).
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R R (s B R Y 34%, 2005). Y2 (S0 )
FE W] DG AT 21 40 i B 1) S 28 W] B T AR )
AR R, FERIEVIRGANE BT 4% | H
£ F(Kokaly, 2001; #EF|Z1%%, 2004). it S50 Hr
R BT PR PR B M R, DT B s AR A AR K
R AE W (K HE 7 P (Zarco-Tejada et al., 2002; Lamb
et al., 2002). 143 1% i 500 e 5 4 1 R F OGS (E
B, 13 B HE ) R Z TN ARG R B v () 414
2006; Wu et al., 2008). Gamon%5(1997) % #i, ik
2F 8% (photochemical reflectance index, PRI)X1E
YIRS bR BN AEEBUR, AT T R Y)
FEA AR KF T HO6E 4S5 F H 2% . Daughtry
£5(2000) 4 & 7 IE M2 2 I HE £ (modified chlo-
rophyll absorption ratio index, MCARI), #5& 1 H#4)
MRS R E R . Ak, b SR
}8#(normalized difference pigment index, NPCI).
1& 1E V7 — 1k 2 {8 45 $ (modified normalized diffe-
rence, mNDygs). T %M %% % 45 % (derivative chlo-
rophyll index, DCI)HI#d # % )& 45 £k (plant senes-
cence reflectance index, PSRI)2% 1 45 $ 354 1iE B
A S B AR AR OIR L, 7R R R B R AF
i& Ff P (Zarco-Tejada et al., 2002).

FEZRAR S B TR MM, B K 5 e I e B ) 2
Mk B K TR, 7T BB 52 K 745 BRI (R AD S i SR
PRI R 52, SR A 58 1% (Bricker et al.,
2003), 5 EEah A ) T N A R W . T K ZE AR
AR AER K A, AR ROTR 0 S I 2 5 7K AR K
FHEAE ISR, RETE LR b S KA 1) & B TR Ak
R (Siciliano et al., 2008). AHF 7T LA AE K kAT
ENAEK P E AN R, HT R Em G R
SRR B AR — B R, 0 G RR A R 7K A o URT
T 2 B R YOG B K S S FE AN S e — B 3L
FMHAHEERCERBG R SHA, WREDCIGHE
AW KA & E TR AT AT, R ORbE FR AR K&
S TE 7K AR S 2 A PR R AR A

1 MR5EE

1.1 HREHEFER
XA F T A K KA B AT, TR AR K N IE M R A
WA HE N ZE = X R AN X (E1). Sk

LD i ST DN =) A Ve A S S R s
11-12°C, XFFEN T, EERMEZW. FHEK
AN, FEERERE S, RPERREKE LI
TET H o 2007 4F, A 1675 7K 40 AR W) I N
(membrane bioreactor, MBR) T.Z 4b# 5, 5 Nl
Wl GTE” TREENSORAK. HAEAKGRIEA
X A FBKIR, E% =X X LR X &
AN K B K AN R o VAT TE P TRT KR T 3 I E
0.065 m-s™", JKFFAR L, LXK . ZikAKBA
KR H B A B = (Yang et al., 2016), S “ 5]
GEE 7 CAE S, W BRI gl R T A
(Phragmites australis (Cav.) Trin. ex Steud.), Pl
B IKIK G o 7 25 AR B = B MR BORIIR
MBI AT, FEAKAENT R ERKIX (K1), ZFiE
WIS K -

1.2 FHEEIH ML Ak

AN [F) R TE 51K T AR AT I B s i 2 5, X
b S [ 9T B T AR K I R B B B B AN (T — 7
2013). h4h, HTRHAKKEGRALMEN 2 EE
I, FECEH A B W . CHAEE Z TR
B, HRERIRIEIAS . KRR R IR & Sk
XA DX R A SN B R A AR K I H K DRI,
RS2 2 K2 B E A K. BHAT, CARZ
1 RSB ZK BE JG FH2 EAE SCHR br M ORI AL, &
RFRY], A& EAEIRERICHE(Yang et al.,
2016; JiKENEE, 2017) APRUEAN [FRAE SR 25
e AR AR, RS B E R R
OYERICRAE B ThAb, P 3 IR o AT Y A PR,
O SRR SR — LA o ASHIF 5T 3 AIALE T IR
BB WRBORIIN B, #FH K BN E
K P T BB B 5N KA (B, T 5% = B AE
KK (MY PRIE B R A2 7K HK L (HR)
N SCB P A 7K H K TR (SY ) IR SBT3 el Y
(SY2) R LB RIS Y 3) o BE KA TT R EL A 55
T3 DX s B K PR RSB b R R R
UL bR, XOEs 7 IE R E AL E, AR
DX I DA B AR s[RI, % SRAFE s B AR
RN S K SR OB IR ERTE . KA COLMKEAIK
oY E ARG IIARML, XA AR K A e AR 22
SR
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A Sampling sites

=== The river reaches restored by reclaimed water

#HES: 5s(2020)0285
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Phragmites australis growing in near-
shore water area
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SCBGR P PR

Figure 1 The sampling sites in Chaobai River restored by reclaimed water
MY: Reclaimed water outlet in Miyun District; HR: Reclaimed water outlet in Huairou District; SY1: Reclaimed water outlet in
Shunyi District; SY2: Jian River Park in Shunyi District; SY3: Henan Rubber Dam in Shunyi District

FEYEAE KA, R R E MR, Hotik s
TEIEAN e 56 A I HH AR A PR 85E P9 IR R KT o Rt
AHIF TS 2 oG (R R AR IR FEE20199E9 H . itk
A 7T X P 7 3 B B AR ON1.8-2.2 m, K
B, HREREBONARE o B A i A R
# XL (X (Field Spec Handheld, ASD) (Ana-
lytical Spectral Device, USA)ll & . iZ{X A% LM%
FaoN25°, PR TEE 325-1 075 nm, KA F]FE
1 nm. BFAMI SRS B0 R RS, i B G
SRS, I A 2 N 10:00-14:00. HR$E RS 5%
P, BERE10-155> Bl b AT 1 bR AR 1F (1 AR B
RN FARIEREA B AN S AdiE T S v, 4
KFERIE R Z AR R AR, 20l
o b o AT b 58 A R T ELAS BB RS i
AT RRACRE S ABERLIE, REASREE S 30%
Sk, HRAE150%.

NFE G AR BT 5 X P KA B BRI o 77 3 A &
3201943, 5. 7. 9FI11 AT T 5K EFAbKHE
RAE, HOREE250 7KFE o il G e R R /K5 5 1
IREI, RAFSBETT N . B ForeIX  4Eh AE
KAEUT K X, KFE AR I R Ak HLEE B8 7 25 A &Y

0.5 mit /KR  H TR AUKBT M, Bz ik
i ) 7 iR 4 (dissolved oxygen, DO)& = (YSI Pro
Plus, USA). /&% (total nitrogen, TN). /1 (total
phosphorus, TP)fIH 4t Ka (Chl a)& &%) 7 H 77 Al
S (KA o 050 7K AE FH O Bt R 0 A A2 Ach 2
J&, fEHES: 50 il (Bran+Luebbe AutoAnalyzer
3, German) e TN; 573 7K A FH okt 8 4V At v
REFR IS, #E4k %4> BT X (Alliance Smart Chem?200,
France) Fll;E TP, #i53 7KAE F #4 L BEVEAE 73 e
i+ (HACH DR5000, USA) EillsEChl a (3K %,
2008).

1.3 WIEALE

(1) RaeiE B SRR Rk s, 325
380 nmA1900 nm & iR B s e FE ROK, UE 2:
SHT R FeR T XA By AR I £ 380-500 nm
RS B . 500-600 nm AR BL . 600-700 nm
LGB T00-900 nm Iyl 21 46k B Rl 73 e i
I Bt (Osborne et al., 2002). LA ERE 3026001
SR e it 26 1) SRS B 9% SRR R S I )
S 2R A
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(2) RWZE—SEHE  HASDEIE A Wi
s N Rl VRS T B B S BV € ANV A 52
i kAT RO TE ) FPE, St R 46 S 1% o g Bl
5 B(RLF4, 2005).
(3) BRHETTZ M KA FRFE RUKAERITNAITP
OB R R T 2 54, JF H Bonferroni i AL IE
T Z 5 M an, FH Shapiro-Wilk y2: 46 56 #5405 11 15 25 1
F Bartletty: A 36 75 22 55 1 o % ANl 2 IE 7S 49 A7 4
W, FAT HIARX B AR IR, HEE
30k Kruskal-Wallis BRI 5 b 2 57
(4) AHICP T SR A 3 0 1 SR 4R B 2 (reflec-
tance, R)TFH5 W& Elog(1/R) & —Fi ILI1) e i 4
YEm IE /7% (Yoder and Pettigrew-Crosby, 1995; 2=
PI5E, 2018). AT T 5 AIXS AKARTNAITP & & 1) 4EF
PE S5WOCFEAE AT M OG0 Hr, 2 A OC SRR K
AL, EOULRE I B oG A AR E R AR A
U B
(5) THEOGIEREOF A A RS ER B
(R ST 2 it 2 — B S EOH RO IR R, s
TRE S KAETNS & RDABE, 8RR HE
T AR B A R 38 Y AR Y SR A R AR T
FE. 8B, IRTREAGEOTRE . JRE G
AL 5 6 4k 2 F8 $ (photochemical  reflectance in-
dex, PRI). & IEM- 4% 3= Ui 45 # (modified chlorophyll
absorption ratio index, MCARI). JH—1{b a2 Lb{E 15
#1(normalized difference pigment index, NPCI)#l15
-4 2 15 4 (derivative chlorophyll index, DCI).
PRI, MCARIFINPCIH £ 4 S S 41k, 87870 F H
A IOEIX AR B, AN A 3 RS X I 2 1]
@, A RERIEEY A KRB (L et al., 2010; Shres-
tha et al., 2012; Z={1%%, 2018). DCIH R4 FE—Fr T
B R, R OOE 44N 3k B R 1 S S (Zarco-
Tejada et al., 2002).

B 73 4 L 1 BN F Microsoft Excel ViewSpec
Pro_6.2f1RE & B 56 i -

2 HERESH

21 KIEEEFLIHE
WX KR TN B T°1.85-18.16 mg-L™" 2 /]
(E2A), TP 5350.01-0.36 mg-L~" (KI2B). £ & 5%

ST RFI, 5 RAE SUKAR I TNAITP & &1 44-F
PMEAFAE B % 2 5(P<0.05). /KA TN o & & B
FEMY, 474 1%4(15.8721.53) mg-L™" (CFH{E+
FRU#EZE)e HR. SY1RISY2/KIA TN G BT EE % &7,
43 5149(8.95+1.30). (4.97+0.57)F1(8.31+1.47) mg-L™".
KA H TN B % & & tH 3L 7E SY3, (U K (2.6520.66)
mg-L7". BRI, BB ARETNE BT, MY A&
X, HR. SY1HISY2 R 4AIX, SYSHILAX . MY,
SY2FISY3/KMAEMTPE BB E E R, FIHE DI
9(0.15+0.14). (0.12+0.04)LL % (0.1520.07) mg-L~".
HR L K SY1 /K & 1 TP & & # A (P<0.05), 43 %l M
(0.08+0.05)F1(0.05+0.02) mg-L™". [, 4% #E K44
TPEEEK, MY, SY2HISY3 NE X, HRAISY 1
FKEEX . MY, HRAEISY 13 A4 T % . PRFAIN
SCHI T AR K K B, 36 3 A5 A S0 RN 75 o 22 7
F B EGRFE A KT R AR T2 LR T I B IS
TG 5% o Bz BOT I BT REAT TR AT, AKAAHTN
TP & =HR & = -

W98 X P 5% RAF SRR Chl af &4 10.60—
47.45 ug-L" 2 8], SFHE13.17 pg-L~' (B2C). %
KA SChl afy EAFA1E 23 % 7 (P<0.05), MYAISY3
KA Chl afy &, “FII{E 4 7 (18.90+0.14)fl
(23.25+18.32) ug-L™'. HYFISY2/KkfEChlag &7
B E 5, F¥ME 75 (12.38+10.63) 71 (8.68+
6.36) pg-L™'. MSY1/K{kFChl af &%, THIMH
1% H(2.64+1.96) pg-L™'. KiEHDOE B/ T-4.24—
11.4 mg-L™" 2 i, “F#1t 798.84 mg-L™" (/&2D). MY,
HR. SY1. SY2HISY3/K {41 DOV 318 53 5l 4(9.12+
0.96). (8.03+2.83). (8.87+1.45). (9.32+1.68)LA %
(8.8612.48) mg-L™", & FKHKES L AT EE 2T, R
SR BRI TE DX KR ) B IR A ™ L, A SR A
IKAR A DO E 8, 6 2 (bR K IR BE o A
#E) (GB3838-2002)HH 12K IR, ANt jl ™ 25 1E
B AT K

22 BEEMHRXIER SRS

PR I R AR AT L X S E A W I3 R
HTHagRERaaREMH, SEEWIET IR XS
R RE E R GRZY, R H BRI % (Knipling,
1970). ABFFLRIR, 3 A G LE T Wk B
WG XL X R P R AARAG, TR “HER” F “4r
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Figure 2 The contents of TN (A), TP (B), Chl a (C) and DO (D) at different sampling sites in Chaobai River restored by re-

claimed water

TN: Total nitrogen; TP: Total phosphorus; DO: Dissolved oxygen. MY, HR, SY1, SY2 and SY3 see Figure 1. Different lowercase

letters indicate significant differences between sampling sites.

B, RGN X A RAN B m, TR “atig” , &
B 2B AE ORI R i, RRAEWE. R, AR
S B R AE TR KRB ], 1 S e R/ AE 22
F(EI3). SY3uK A 2 il B A
B, MY 7K ) B AR %, HRL SY1HISY27K
A R S S 2 A I

2.3 AEMHARSE—MSHIFE

ANTRL KA 257 25 0 60 S S R — B 3 A B3
e — M S 26 24N X 15(500-540 nm F1680—
750 nm) B 8 (K I 4E . 500540 nmifa] (1) 0648 2 4]
N S e il 2 M O IX B 20k X H BT A5 (13),
ZIEEPRON WL o AL X BHELAAMNX,
W S R 2k SR TR, 680-750 nmz Al R R K
(BRI 2 — B S 80 R ) Rk “40id1” (Horler
etal., 1983), XTI (1) KAEAR A LLILAL E (Area) - 1R
W — M SRS S BT, 5AN KBRS ib i E Sy

HI%14724 (MY). 717 (HR). 719 (SY1). 717 (SY2)
#1708 nm (SY3).

24 KEFMBESESEFENEXM

I B AKARTNFITP & & (4T 358 Slog (1/R) AT
FHORME T, 13 BUAS A B AE G R (K14). 4550 3%
B, Sy BA HEAR. X KIATNSlog(1/R)H
R RECN0.56-0.74, ZEGIX . ZLGIXFIE L AMGIX
[ % 2 %09y %) 80.30-0.61. 0.37-0.71LL X
0.33-0.35. KA TP 5log(1/R) KA1 55 £ 4 b 254 HH 4L
AR B, (ETE AT WO B H AR R REURAR, Wk
X ZE6IX . X LA AME X FIR 5% R 500 51N
0.46-0.61. 0.18-0.47. 0.16-0.56#1-0.28-0.16.
KARTNAITPE & Slog(1/R)Z IR £E 7] WL 5% [X 35 43 3
B R IEAMSR(P<0.05), H7ELT i BORN W % i B
RIAH R REOE T 806 B AR LL ANk B 9 U
KKF. FRGEREFYW, Ev] W, KIAETTN
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Figure 3 Spectral reflectance (A) and the first derivative
reflectance (B) of Phragmites australis leaves at different
sampling sites in the Chaobai River restored by reclaimed wa-
ter

TN and TP see Figure 2. MY, HR, SY1, SY2 and SY3 see
Figure 1.

TP B, POBEMBA, A S5 0 ik
& JEZLAMGR BN -

25 NEEBESKETNSENEEXLR

B T DLFR AR KON 2 AR ZKIR, PR AR K B 7KK 5
XK K B A B L o MRS ASHIE FE B 7K 5 HE A i
iy IX DAAE R K 5 e 45 SR T N, FAEOK R TN G 2
WRFERE I R T TP (K2) (L%, 2014). &R
T RPN R R E E R TR bR, (BAEAHT
FLX A, TNE & s KR s 8 IR AR B 1) 32 244
B o DRI, I P 25 ol B O MK AR TN B = AR
W RA LB, b, WA TR, KAETNE &

T8 A5 B RERRAE S O KA A & B, 671

0.8
= —TN TP
0.6, s
Bl A
0.4 —
2 AW P<0.05
_5 0.2
©
o 04
§ 0.2 Blue Green Red Near-infrared band
| band band band
-0.4

380 460 540 620 700 780 860
420 500 580 660 740 820 900
Wavelength (nm)
B4 W A A KA XK TNRTP S 57
& {Hlog(1/R)HIAH % R %k
TNFITPE2.

T

Figure 4 Correlation coefficients between contents of rive-
rine TN and TP and absorbance values of Phragmites aus-
tralis leaves in Chaobai River restored by reclaimed water
TN and TP see Figure 2.

5t ok f A MR (Bl 4); BB A p ok
ST EA G Z — W R HUih e e, OGS B REE
E— R LARBUKAARTN G B2 (E3). XEE,
FHAEIK AN TE N 3R G TS FR 205 KR TN B &= ()
BAMMNIEERR.

ST, %47‘6 o8BS KA TN =P H1E
Z IR 400 S AR Y, wERE %7‘6%%‘%%% &
gt 1) AN = %E’Jy‘c LA RIE S el e
MR RERE . ABFFURIL, 2T ARG T%ﬂﬁ@
AN R R RS T FE 2 6], AR A LK 2 (%
1). Hrh, ETMCARIMTE ST AR E e,
R 40.709 (P<0.05), Fr & AEHIKAKTNE &
2.01-20.07 mg-L™". & T PRIFIDCIfI$E %77 72 138
o T EEMERK, R E S 5 ~80.693 L) )20.624
(P<0.05), RAE M KATNA £ N 45~ 1.94-19.22
#3.21-17.39 mg-L™".

3 it

3.1 FEMARSERIIKERMB S BN

WX, 5AKAE s KA TN B 4 P ¥t i
T (HERKIRES i EARE) (GB3838-2002) VK i
EFR2 mg-L™"); H TR A2 E TN G A7
TERRZES:, (EAR 3 7 060 S S 238 7 A W S 4y
o GE A REE U] WG X I SO Z A AR TN S
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BKPA AL ESREESEMY). PR (RE AHR. SY1AI
SY2) R R KT (FE 5 SY3) IR s 2 18] S i A7 AE
Z e, HoKM S BOKFm, RO EEN, [y a
TP RAE R S 2R 4500 (K13) o BB R I S Rk 22
SR 7 35 1945 K (Mykleby et al., 2015; Eller et al.,
2017)c BEEIKFXS P SO 22550 AT 78 3 A A,
Bra e 2 nt, i SR SR, A A RERN
(photosynthetically active radiation)¥ s, =] LG
B St 2R B 2 987N (Gitelson and Merzlyak, 1997;
Siciliano et al., 2008; XI|7i4, 2012), 54 Fi 4
— .

R BRI E S IR0 R (HIEAR
WEFe, RS R S S S B AR K /N T I
TP 2 51 K - X 5 BEA 5 Rk N 1A FAL
H UL RSB S &G . BorRiBd s 5y b
AT AR 1 B ORI A A 1 4 R i (Agren,
2004; ZFHELE, 2017), TR 7 B 3= A
SO, AR B AL R A IR R A KT R
sRize = T % (Agren, 2008), $§ 512 7E KA TN & iz
m T TPIIE LT (B2). i s Wi i it U PR 2,
F1 A ORISR B S KSR B (TN) & =GR

H kR g, Yk 1A RO R BB N
IRSE, MBIV ZE (4045, 2008). Ith4h, Osborne
£(2002)0H 7T K W, FEADLEAS [F) AR K IR J00] 25 B A
R BURIEA R, AR AT 8 0 Gg12 W, 1%
WIMIASE B . AT, BEoc R A TORRS 2 s m K R
B2 B R REE K.

32 AFEHRARSE-—MSHEFKETM#SE
B Rz

“CUIL” SR B REYRA OGS RHE . KE IR,
MY L0 B 5 28 25 5 /8 5 3 A4 5¢ (Horler et
al., 1983). M4 &= & B EYOEEEH R A&
KEER RIFEREH(Wu et al., 2008). HEMAK
IR AT, 2L B R A R (KT 1R #%
3), RZMHI “HER” (MR s)). 46K
ETNE B 2 — S B EG T LA H, & %K
PR, LA KEEOR; FA KT BIRE R HR,
SY1RISY2, 4LifipKHzin—8(B3), WA ERK
SRR R S BRI I . 5 R SRR AR R,
LA E M ZE R EERHKATNG 24, Tk

Table 1 Fitting models between spectral indexes of Phragmites australis leaves and riverine total nitrogen (TN) contents

Spectral indexes and expressions Model types Fitting equations Adjusted R?
PRI Linear equation y=5.243x+5.685 0.042
(R531-R570)/(R531+R570) . ) 1102 .
Exponential equation y=6.914e" "™ 0.693
Quadratic equation y=1.254x>+0.489x—0.156 0.219
Logarithmic equation y=0.492Inx-0.641 0.038
MCARI Linear equation y=-3.122x+7.396 0.119
[(R700-R670)-0.2(R700-R550)] . ) _ 0.105x .
(R?OO/RG?O) Exponential equation y—8.854e 0.709
Quadratic equation y=—0.595x%+1.821x+2.608 0.426
Logarithmic equation y=—0.567Inx+1.614 0.092
NPCI Linear equation y=4.915x+7.725 0.110

(R680-R430)/(R680+R430) . ) 0.008x

Exponential equation y=9.940e™ 0.507
Quadratic equation y=1.285x%+0.518x—0.087 0.209
Logarithmic equation y=1.043Inx+0.168 0.093
DClI Linear equation y=2.485x+3.498 0.038
D725/D705 . . 0.164x *
Exponential equation y=5.197¢™ 0.624
Quadratic equation y=2.703x°-3.752x+1.854 0.478
Logarithmic equation y=2.07Inx-1.019 0.096

PRI: Stk R 4G MCARI: B IEM SR ILTEEG NPCL 0 — SR R 4R %G DCI SEH S RIBEG x: SGl84G y: K
PRAE(TN) & B I 25 4G 6 ) VR B RP(E PR INHLAR i (P <0.05)

PRI: Photochemical reflectance index; MCARI: Modified chlorophyll absorption ratio index; NPCI: Normalized difference pig-
ment index; DCI: Derivative chlorophyll index; x: Spectral indexes; y: Total nitrogen (TN) contents. Bold values of adjusted R?

with “ P<0.05.
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RBLTP M« X FHCUER], BITFEIX A 7 265 B AR IR
DL E BRI RS BT AR R .

ABETEH, R 3 RAE A, 5
AR S RN LA &, U W 51
PG 2 & B e R B RUKCT E . = R
S, AT RATISG i B LRI RR (R 5 5%, 2015),
(EAESFANEI h, dnE B KRS IR S A ZE A K
T8, R RE S G SR LT A B PR o Nl M LA
PENX i . BRI, FxEilE Bt — 2 e
BN, BETIFZ I B 2 R E

3.3 FEEBTWKETNE EMERES
MCARI % i 0 3= R F 1 2 2006 X OB 5 R, i
550, 670F1700 nmAk 1 S i Z ke . A WHTLRM,
MCARUXS I i 4 25 5 &2 1 T A T 36 2ok i F8 4
(Eitel et al., 2008; Wu et al., 2008). A5t 4, Kk
TNE & Hlog(1/R)TE LG Bt B A B35 I AH G K &R
(P<0.05), 1] fE /2t T % T MCARIFI 48 H UL & 77 7%
Kb FE e 1= o

PRI H1i K531H1570 nmAb ) sz 5 2 41 R 051
— ARG TR X2 B S e i R IR
YRR, W H T RIED G A BER P BT
1% (Siciliano et al., 2008). T PRIFIEH 2%
B, KAATNE B, PRIBUEE (1), 307D
O RE R 2 b6 & A0 &4 1 1 i (Gamon et al,
1997; FKIEAMAH %, 2020). Tilleys%(2003)Hf 7t %
B, KR TP & & ARV BT Bh T3 m PRI K
MRS R M IEA . ik, ELVRIS g EH
Tl BBt /N TR T 26 R, PRIKEIE MK AR TN
R R I R IE .

5T DCI a7 #2328, DCIE/KATNE &2
()49, 52 TEAH G (1) o A6 IR S 28— B 3 i th 42
FELL A X 15(680-760 nm)— A2 HJIEAE, Al
WEZIET05 nmAk, J& 16 H B 7E 29725 nmkk(Zarco-
Tejada et al., 2003). DCDiih i £ B 3L T X 248 7E
UEEAE 4 7 . DCI7E ey (B i 0 UEe £ o T AT VR DR AR ), L)
A KR LB AT . #R1, Siciliano%(2008)#F 5t 45 i1,
DCIXF AKARTNE &= I T °] BEAAAE “HURIIE” - 4
KAETNE it =i, M)A gk SR & &, TNT
THE XM 5 EDCIFEK . IR R R 51
Pl AR A K B FERW, MKETNG =

A F12-20 mg-L™" Z [0, R B LR 20
MR 30 % (Siciliano et al., 2008; & Jk 724, 2016).
(R, 0F 2807 B v T Ve T8 1R AR KRR R X, B
DCIE M KA (1 5 8 FRAL T 75 5% pE 7 25 R R R )
R,

4 ZEig

AW FESHT T A KNG AT TE PO KA 2 i
E A EOEIEE R, AT R AR K
BB RN IC R P B SaiE AR i,
KAETNE E bk, AT LG S 23N o [ % —
By S 26 R0, B KARTNS =R, 5
RO IBf B R “af” o MRS ER, K
PRTNAITPH & Hlog(1/R)FE 1] WL X FAH 5 M B 4,
BTN 5log(1/R)MAHK R TTP. AT, 7
2 A A % X o FEAE KK AR TN BRI AR 1k, H
X 15 e i AR B (R TP AR BBCUER o A B ' i it 2 bL e
IR B AAE KR TN B B 2 S ORI I8 F (e /N isf
T 3 LA A X 4 IR ) 3 4h, 3£ FPRI. MCARI
FIDCIFa BB AL, FRATE =N 7 e ik 84 5 TN
BB 2 IH 2% & (P<0.05), 7 DL T /KA TNS &K
2.01-20.07. 1.94-19.22#13.21-17.39 mg-L" &%
T, FA KA E RS R .

Bt P A KRN S AT 8L P ik — 258 K, A
W A KTE KRS s B SR s A R
UF RN AT Se. BN, P 6T 8 Bk A R A SRR
FOR R SGEEE o i A RE RIS 15 A ) D' 4L
P, 8 R THIAR 0 B B R B S 50 o R AR P A
o A FEUEBA T I F 2K AR R A 0 T 1 0 2B K K R
MaTAT M, ik — b sE BRI AU s e A, N
HHRFUBLHE R B 6 T B2k
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Spectral Characteristics of Phragmites australis and Its Response
to Riverine Nitrogen and Phosphorus Contents in River Reaches
Restored by Reclaimed Water

Rui Zhao" 2, Hongmei Bu"", Xianfang Song" %, Rongjin Gao®

'Key Laboratory of Water Cycle and Related Surface Processes, Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China; 2College of Resources and Environment, University of
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Asia Pacific University, Oita Beppu, Japan

Abstract Reclaimed water is an important water source replenishing rivers and lakes for urban landscape. Higher con-
tents of nitrogen and phosphorus in reclaimed water will cause eutrophication, disrupting the balance of hydro-ecology.
Hyperspectral technology was applied to analyze the spectral characteristics of the emergent plant Phragmites australis,
and the spectral characteristics response of P. australis leaf to nitrogen and phosphorus contents were explored in the
Chaobai River restored by reclaimed water. Results showed that concentrations of total nitrogen (TN), total phosphorus
(TP), chlorophyll a (Chl a), and dissolved oxygen (DO) were 1.85-18.16 mg-L™", 0.01-0.36 mg-L™", 0.60—47.45 pg-L™",
and 4.24-11.4 mg-L‘1, respectively. Although the river water eutrophication was serious, it was still in an oxygen-rich
environment. The results showed that there were significant differences in the concentrations of TN, TP, and Chl a among
sampling sites (P<0.05) in multiple analysis of variance. With the increasing of riverine TN concentrations, the reflectance
of leaf spectrum in the visible band lowered and the position of red edge also moved towards higher wavelength (i.e.,
redshift). The riverine TN and TP contents had significant correlations with the absorbance value log(1/R) in the visible
band in correlation analysis, and the correlation coefficients between TN and log(1/R) were higher than that of TP. The
difference of TN concentrations could be inferred by the spectrum of P. australis leaf to a certain extent, while the effect of
TP on spectral characteristics was weaker than TN. TN was selected to establish fitting models with different spectral
indices. Based on the photochemical reflectance index (PRI), the modified chlorophyll absorption ratio index (MCARI) and
the derivative chlorophyll index (DCI), the exponential equations explained 62.4%—70.9% of TN (P<0.05), which could be
useful for quantitatively monitoring of nitrogen contents in reclaimed water. This research proved practicability of plant
spectrum technology in water eutrophication monitoring, providing a scientific basis for ensuring water quality safety and
ecological security in rivers and lakes restored by reclaimed water.

Key words reclaimed water, spectral reflectance, spectral index, nitrogen and phosphorus contents, Phragmites aus-
tralis
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