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Research Progress on Cold Tolerance of Rice in Cold Region
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Abstract
injury is one of the most important hazards to rice production in cold regions. The low temperature environment encountered in the bud, seed-
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Rice is one of the most important food crops in China.Because of its good taste, rice in cold regions is loved by consumers. Chilling

ling and booting stages of rice areas in northern China often results in low germination rate, less rooting of seedlings, yellow leaves and reduced
seed setting rate.Cultivating rice in cold regions is an effective solution to make rice in cold regions resist the low temperature environment in
cold regions.This article summarized the related progress of cold tolerance research from two aspects: the identification of cold tolerance at the
bud stage, seedling stage and booting stage, and cold tolerance gene mapping, laying a theoretical foundation for rice breeding in cold regions.

Key words Rice in cold region;Bud stage ; Seedling stage ; Booting stage ; Cold tolerance ; Gene mapping

IRFEAE A B B R AR, 5 1 50% LI _F i A
LAk, M3 E R LUK e R —,
R KRR i — R AR B P Rk 5 T I 114 2 BT 45, 7
T IE e L B B0, 3 3 B 7 SR i K R 9
W AR

FEH AR REAETR KRG A 7 o A 26 R ER s iy, b
T7 I BORERG X 1) 3277 X o 2 [ 96 K R AL 77 M 3 B A
FEAL D7, LT 3 PR 28 AR TR 3 o DR 2 Ak 1
ML PR BRI A S BUR IR E R . GRS F S 80K
FERE R R 2 A KGN B B K AT 536 S0% L) 1, o
FEE A SR L, R E S BT, I 2 I TR R %
AR A, KR A0 7 R, 3 10, T LA e
IR b o B R o 7 R B T P KRR B A K
f3E AR A A RSN A U T v R 4% TR 5
J& K REHUFEMEIRAS T — LT IR, 7EARIR &1 T, KA Y
A A B 2R T R A D A R IR A T R 2
RIS, DRI, 2538 MK RS ) A 3 04 1k 4 2
TRV 1 R DR A 2 A7 T X 2 3 K R 7 4 BF 5 P A 6 1
PEAT T L5, LAY A 2E MR (32 38 AR TR AL RL 210
1 REEBEHHSELEEF
L1 FEIMSMERE  Whie s S0 Bk bk 3T i pk iR
J5 , RPN TSR HEAT K 15 CALBE 14 h, 721 10 °C 4k
10 h BRI, HEAT 2 U T S s o K R 2 A v P o
FTY%5E , eI AR L R 2E R b, XP 8 TR
RO ZE KA ZE S mm I PEiRIG B R, Z3 518 T 3 1S CAIG
TREEFE 10 d, KEFRZE SRS ] 20 °CHLAT G 028 Py B AR

EEEN 2 B(1996—) , %, BRI FFbRA, AL R AL, AT
AR AR T A S AR, B, B, L,
A G AFEH LTS EDHRITR,

KR EH 2020-12-24; 1B A#  2021-01-24

10 d, AR IETT 2R ; IR TR TR L 43 Al i (TS L 24
%) SRORMEE<30%) . (30%<IEHE <50%) 55 (FEH
H>50% ) M55 (A HRIETT) 5 AR, TR bR ifE S i 2R
PRI, IS LS °C ORI MG, 4B 10 d )5, iR
20~30 CEHNAE, 10 d J5 i S EE, LISL T 01T
FebR. RSN ZE A ZE A E T 5.8 M 10 °C 3 AMIKIE RS
BN T 3.5.7 F110 d 4 ASEpal i s, BiFoT 45 SRR A AE
TR B AL BRI P AP R 5 B B4 g 385 m , 8 °C 4b
BE 10 d JR il B AT v P e i, L AR BT T
RTINS SR BE R 45 5. G X 118 £y Ak R b4
BT & 2E AT TS, I DMRIB AL HUS (1 & 2858 T
B SEFERR, e HARIR & 25K 80% L M BLA 33 10y, &1
SRR SRR 2 R AR R ZE R AR & 2 R B A
P i 25 I IE AR DG, Hod ke 246 5 Tk 258 R B0 2 R B R
B LS CARIAL TR 10 d, FEET 20 °C 1A DGR
TR T d,BRIG G T HBE R 2R, I LAAE R 2R 3004 1
YR8 BRI s T A TP bR AER 43 - 1 (5 ) , FETT 2R 20.0% LA
33 G (k) , BEHT R 20.0% ~29.9% ;5 R (1 EE)  FEH R
30.0% ~59.9% ;7 % (55) , BE 1§ % 60.0% ~ 94.9%39 %% (%
559) ,JEHTF KT 95.0%,

1.2 HEATSMEE WAL BN F 24 28k fg fl 14
100 Fr A AR, KB A E TR 27 C &4 T, 78 0.8% 355
WG SR FRESR PR 2 3 0 L0, B 50 R H44A
IANET, B IR R 6,11 .16 CARRAF T 537 12d,
M WK ST, 12 d 5 BIEE R 6,11 °C 44
THIKRE &M E 27 C&UT, EEK 7 d,58015E
iR, B Pk TS Bl PI— O A T
MEEEFRALL 8 CARIRXR AL 4 d J5,F 20~30 CIREAK
6 d, IR LIFEA K 28 C M 24 COBIB 4 TIE % &



6 BHOR A A

2021 &£

KA REEAE X A4 M FEI R ol B 35
R B MR AR SRS (R T 4 em BOARSERR)
HECONT 4 em BIRER) T8 AR T3, BT 5
SEo RSN K 0 R B E 8,10 A
12 CHMEIR T HELEAbBE 2 4 F1 6 d J5 HEATIRORE , 485 I 52 G
HLZRTE I ME, 25 5% I, A A BB 7], 24 1L 5 45 42 v
Ja HRAR S R BT RS FR LA fn A e o
K E) 3 M B 4 E AR IR E 10 °C B TR 3000 Ix
(12 h/d) SEMER N TSR BE S d 5, 5658 28 26 C/5
R IR 7 o, S B R LT R ok 4 A BT VY
Peo EERRELE LU 3~5 C U R IRAbEE 48 h, K IXGE AN
AR R ] SRR A AR L SRR A B A7 ] 2 5 A1
PRAL TG ARV R AR e P B R 4 22 , B 5
JREAERC T T ¥4 AR ) Fi 5 2R Pe A /N T EL S A A e, 45
FE BRI R AR KA 2.1~ 2.5 S B B T 12~ 13 CHY
3 em WEERURIEA A TR ALFE 10 d 5, 76 AR 10 FIRE
KT G WA TE LA SRS RS AT

1.3 ZREHFHSELEE UK TR TR 2, %
YT 2 F N T B T BB AR A K RS 2 R0, T 2 5
AL R FEAL T -4~ 4 em WFR KRR RERY B, L
TEX—id PR AE7E 10~ 12 d BOHARI . Y K RiAL T2 R
i, AT LU RIAE 2, KA E A AR AR A B 1 - 45 s R
Ve EEMRAHERR . TR " R 16 °CHTTK Ep
SORAEWR K IR 4E S HAE 16 °C R, K ERILE] 15 em i}
122 11 PR , B IV B 28 A% S 2 ) B e il R A 2
SFLLATERTA) A 35~40 d, IS LUK 5 0 S8 16w, IFC o
SRR R RLR 25 58 R MO R T, HEA T VA P R
EBEE ORI R RNE T 15 C A TS, Xk
REREATARIRAL TR 7 d, LIK R AS 555 S 5 e, % K R ¥4
PEBEATIP S, EARBRZE e 1 & it b 5 R — i B R
+1 emPZE R AR i e bR, AR 19~21 CY¥ b3 7 d
JE A, DURI 45 52 R Tt v 45 bRt AT e, £ 4 W
LD IEAT 2 RN B AR TR R 2R R T 1 ¥ K M 3
SE L AF B[] 20 °CRIVA K 19 °C HEATAR AL B, #B L 4%
ZE SRR FR I TR A S . Fr B LKA
ZE LA ZEREIA R T 8 S e T bR, O 4 E 15 CHRIE T
QbR 4 d (2R RE KR FE R 2B A RO R 0y oAb B, 46
BRI RKRRZ o R R 28 [ 45 6 7K R 2 T 0
F7THRIEL 15 °C A5 15 °C LRSI 18 C v AbBE, AR
JE KRG 23 75 5 g S s H b , 45 Hh 1 Ak B I A R R 45 1F F
KR 23 7 AR W 2R AT AT AU T A 8 ity FF () 18 1 1 44 4, 1)
— KR 25 55 R 11 AR B A T AR T A2 L

2 AEEBEHmS EEEEM

21 FEARSMEEEM  XEHE T DRI B K
JE IS T R BB MR R B A 2R T R M 4
P, FEARGIN HH 3 A 25 B R A P R R (QTL) L 23 il o7
TORREES 1.2 716 S Y s il b X e & B, W5 2 137 5
{9 qBL6 {3 # 15 Dai 25 U BUI/NAAS 5 HAHE " #y gt

NILs A E 2 0 A 2 QTLqRCT6b FA EAHNT . ik
AR 104 4> SSR R0 T Y 35 14 1 B R 1 , 460 3
FERZF M PR AN QTL A2 T 4 S YLk, STk sl
16.84% , F il R AT ¥ 1k 1y APk QTL A 2 XF, BIFsimkR
N 19.3% . WRERSE i RIL FEUR K HA 45 7 R 2540
it QTLs FE7E 4 A, Hov, BE P ¢SCT-11 (%300 i B
BRI ZE T 10 °C W44 FALER 13 d, Xt
PRI FE R 1K 26% ~30% , @ik 2 ) LOD fEn ik 16~
19, B Ay TF 0P 2500 5 38 280 36 5 36 R A7 78 T 3E AR Lemont
BN Rm202 526 R QTLgSCT-11 J9 B E By SSR A5
0, 7% ER QTL (W REE R AT 46 - TR Bhbric it B AR
FEPA I FH 98 Hb oK R TR 4 MR o A 2R 1 A s AL et
LB FEAE S RS S BRAE BIL BT A 2 AN ZEITRA A E 1Y
PEAR oA 22, I8 T AR MR AL (E MR 22 R A 26
PRI A A 5 5 G 80 4 LR & 2E 1 4 4> QTL BiikR
}6.72% ~12.78% ; ZFHT VR ARG 1Y 4 4> QTL, H otk F8ik
6.61%~14.93% , HKHE ™ 5E £ (9 % 2T QTL i T4 11
S ER T XM AT LOD fH AT 55 10.65, ] LUERE 19.1%
[ FIIAR S AT S AR T BB — AN & ZE W ¥ 1 £ 5% QTL,
XBAHE %of RILs FEACHEST /KR 28 AT A Pk 22 R 2 AL AT 5T
R ) 7T 1.2.3.4.7.9 S Y@k g 7 4 QTLs, 4
SRR IR P B ZE RV 1 37 22 i PR 5 458 i AR B PR IR
BRI AE 3 YARIR ARG S T 14 AR A PER DC Y
QTL, 43 BIKHNIAE 8 S5 AR A gtk I, Ho 1 4.8 S e fafk
LA 2 45,3 SR RN E] 4 4%, X4k QTL 7£ 3 W
B v (BB TR R AN T ik 62.04% 54.22% 11 24.17% .,

22 HESMEEEM  FRENFIEA G XK R R
HR A2 T E AR ZR PR A5 5 I 2 PR A 56 1y 2
SEFEPRIEAT QTL EMIAIFSE . Jii festes ™ At g PG I 31 1
34 S E I A A OE B QTLs, 5Tk R 4 5 2 18.3% .7.9% Fl
24.4% , [RIPAGIN Y 8 A5 B SHIV 1 L AE AL AL, 8 X
A 2 Xt BTHRR AT 5A 15% 3% 2 % T AR 36280 D IR ) 0 5k
H 2 MREEAS A E A SR A 2 WF 58 0ESE 1 KA ) 00
V3 JE 2 RE R B bR, 8 R A A Pk B A R S Y38t
FERERI 2 — o PR AR KRS B SRR 0 14 3 A 1 R4
PEFR QTL 4350128 qSHT (qRL7-1 Fil SR7-1, H TRk A4 1
1 20%, S pE Y DURIRAL B A4 41 1 B0 1 2R 1 T
MY E R bR A T 2 BRI, IR A X
(B 4B Py %o /K R A T it v 2 QTL A, 76 2 22 RIL A
LRI E T 4 A5 BT A A S 19 4 QTL, ik ™
368 3 ol P A R PR 2 DG IR A ATk, A 21— 2 3% ) v B it 4
QTL, H-FI] FH B2 T B 1) 7 3 X 1 i BRL A A M e A, X i R
HIFEA T 2 BT A YA A 0 M. X o =
L ARIR AL R 5 d JEIRAZ T d, ARG AR R R
G BN BRI T 6 X TRIAE IR, LA ArFARic s B o i it
TEALAG I 3] 6 A 1 K A 1 B HTA R A9 A 3G QTLs, X 4
QTLs HA HASR IO TRA KR TTIRR . 20m LI stT
FONFRRR, A AIESS 6 11 F 12 S ik A BT 3 &



49 A 12

) B KA AR R R 7

PR QTL, 1X 3 4> QTL 1) LOD {E 35|24 3.194 3
4.688 2 1 3.797 0, X I AR S B 40 5.662 7%
8.549 6% 1 12.787 1% #&Hi4 ™ FIATHIKEEZ2c DH #E1A A
RIGH R, S BIFEKRESS 1.2.3 1 4 Syefk A E] 4 4~
SR AR SEAY QTLs , HLAR I A e BRASHE] AR [R] , B T
IKFREIA AR AL R A T R 2B T 2 4
FHRLN QTLs, iX 26 QTLs rf 45 i 1y 3= 8 fe /N AR 5 AU Hy
3.82% , F R TT ik 34.66% , Hirp RM160 {37 5 v F465 9 )%
G R T g —> 0T DL TR B HRAE A FRBE T I 2 i AR KR
Bl R PRSI SRR SR K R 2RO P
2.3 ZEEARDSEEEREM RS X 4 DR
AR SR AT B ARRIE A T A S IR AL B, 2K R 4R 10
YR AR EN R T 3 AN 2RI 3 QTL, A& B
X 34~ QTL Z[EfFAE L T, k™ e X BEAA K
BRI, R E) 32 129 AN QTL, 76 2 A~ 55
JERIWER T RN E] 8 A~ QTL, HARME QTL AHICH: 4 Hr 2k ¥,
St HRFREEAH HE, v 7K k3 A BT LR 25 4R QTL A AH 6
P, BIRBIHZ | Rl RE O I R . T 2
WIKFEHEAT H ARG A B, JLRG I 3] 8 A~ 2 F T s 14 245 512
QTL, 435 T/AKFESHE 35 (2 1) 4555 .65 75 8%
O Sy fa i [, 7E 2 Yl I, o) 5 A 2 6 i
% QTL, 0] LAAA 13.4% 1 25.3% [ 3048 52 | S5a7 AWF5E A0
Xt ke, Herg 5 A4S QTL Al R FAG I 2 i, sk i i 2%
AR, A F3 43 B A M BCIF2 [958 43 B A k17 20 7
WImHRESE 2 , Horp A 4 S F30 QTL, 2375 2 5 4 5 (2
AN 8 YA b, A 2 AN TR AR AR b 35l gl A
WEILAE X KRB R DR BEA RS 405 (I T T — M
A qCTBA=1-1 3L I P Lo B0, 24 7K A 24 4038 A2 1K
A % IR R i R R AR 2 A 52 3L NI AE R B
I ZARAIE ERREE SR DRI T 1 2 PR R 44 o K e A B
A KT AP . FRIZE4 T LUK RS 2o R B bk 4 S 2 4y
Tif ¥ S e e bR , 15 8 8 A~ 5 Z R 2 AH G QTL, 43 37
FH 245 355,65 .85 (24) .10 Z(24) fl 11 S 46
A 2RI v 1 0 B S DA A8 ARG S A R AR, 45 2R
RIS ARG QTL A5 12 4>, 43 353 T4 145 2 45 (2
) 3565745 85 (54) Fl 11 S Hafk,
3 RE

T 2 R KR I v P 1 S Ty I RN e T S L, W LA
T B A — 2y TS — 2 1y J R K R v
Y e IR U FE I I R T I Z e, MR A i P FE LA
BRI AFAE— 5 B RE B, B L E— 25 0 5 I I 08 3 X /K A
FERE IR AR R Y . X K R B FE S D A T v,
B b —2 i AL DR 2 17 b1 A /K R R i 4 e 1y 2 L, Xof
TRFEAR AR TR EE R 20T, v] LA MARAS |45 = /K A i
B, R IR SR RS FE SR BB B 1 A5 DL Rl K R L
FE S AR AL LAY X B A A SR A 1 R FE K R AR
TR IO ) B 1 DA e 8 3 b DX Al g A 7= B - R
P o

S 30k

(1] RGeeEl, ik, 37, S AN E R K2 e s s ) ]
BRI TAARYF,2014(6) :19-22.
[2] Pbers, BEIEE, KT, S IRREAEE /KRR 157 QTL SE [T
POl K417 ,2020,42(4) :633-640.
[3] A%, £, 5558, S5 RRE N UL TR IS AN R
SEPERTEVERF L T ] R4, 2020,42( 1) 45-51.
[4] B2l MIBER RS, S sk R e i e e [ T ] A6 5
JKFE,2020,50(2) ;22-24.
[5] B, 2RI A K SRR A R e S S sZ i [ D ] B
B TV, 2019,
[6] Zalis. REZAD KR AR AR 2R e St s [ D] )i
ferfall Ry, 2017.
(7] BEF5E, 5K AT, 45 PO KR 5 P e M ARG 434
[T st 05412, 2016,17(6) :969-975.
(8] ke, Mrigr, 22{Ehy , 55 , XIE R (RIR B R Ao KFEA & B
P N ATRARALFRF RSN ] LIl R, 2020,48(12) :59-63.
(9] HEE, S5, i, S MURERS /KR EE 4H I 22 R A B HA S
Sk J].5pF,2019,38(12) :76-80.
[10] 71, 7N i), . R K R e HR IR A B AR 20 7 Y
S )] IR, 2012,28(3) :33-37.
[11] RIS, EHER, AGEAR , G i AL R e A A QTL WSS 595
T[T ] A EpKAERE,2011,25(1) :52-58.
[12] EHG#E, BT, B SO, 6 RS B A RE e I VR QTL e fiz[ T ].Hh
EAE#,2010,43(3) 1443-451.
[13] BTSN ZEH KRGS PR IR A P e [T ) B AL G,
2009(5) :155,158.
[14] DAI L Y,LIN X H,YE C R,et al. Identification of quantitative trait loci
controlling cold tolerance at the reproductive stage in Yunnan landrace of
rice, Kunmingxiaobaigu[ J].Breeding science,2004,54(3) ;253-258.
[15] 2908, J 2 K AE AR I A P B [ T ] 7R AL, 2019,53(12) : 16—
17.
[16] K570, BT, R, 5. S /K A AR A A M [T ] AR
{EAl,2010(4) :27-29.
[ 17] Bt VBHETT, Rsiteg, . AT T8/ KRG R (3 ) Z2RE AT A1 SSR
FRICRITRZEL T ] ARARAF#41,2010,41(3) < 1-5.
(18] PRI, i, MRt , 6 /K ABIR U N B A2 IR AR
L] T-,2016,35(8) :99-100.
[19] E&0H, &N, &EDE, /KM R IRDT A S5 4 R A
EL ] Al fl,2016,41(2) :1-4.
[20] En7%, i, TiEYs , 46 FE O RS AP R /A ST SR bRAR S 4
HrLT ] Bl A, 2016(5) : 13-17.
[21] Sk, Tk, £ 07 3, & 2B R R IR KRR 28 78 2 (52
[T Bl R, 2014(6) :19-22.
[22] XU, AL, Sotss, T A EH B3 A B e R EREE (K
FEZFIIM A QTLLT ] 4272741, 2020,10(7) . 7-14.
(23] Wk, TR, Mk, 55 SERER A 2 IR IR A4 QTL &
ArlT] /o, 2014(6) 44-51.
[24] BFE, 25 /KAE RIL BHACF I A R Y - FhridE hr [ ] B0
TErFAIT5T,2005,23(2) :116-120.
[25] D2 Beseh; i, KRR PRRIN AR Y QTL 237 [) ] 50T
Vg FR,2009,7(2) :273-278.
[26] SkE. AFEPEELE AT K QTL M1 E ([ D LI ARl ok

=2 2010.
[27] TR, KRG IRIR A QTLs g [ D] ARy il R,
2009.

(28] BEIGA. /KFEMA SR AR I D] 50 AEr ol A, 2006.

[29] e, e, S i e, S5 K RERIpRE RS DH RS I 74 1 BL D Y
SrFARCERLT DU AT, 2003,21(5) :385-389.

[30] . T LA KRS PITT o e A S AR A 1 S e B QTL
SOHTID ]G Adbpall R, 2019,

[31] Segzhe, i, i, S MARRTLR 265 Wl QTL Ehr[T].
KA H41%,2018,32(8) 1 1477-1482.

[32] Skt ARSI R D 4 BN A OGS M 2254 QTL AYRSAHE
(R D] Abst: rhEfll RS, 2018.

[33] Uk, S, G, S KRR QTLs FowP el )]
Sy TAEYEF,2015,13(5) :968-976.

[34] s20, SRAOW, SR, /KRR M A A QTL SE (24T 1. 54
fallFla,2015,43(5) : 11-13,18.

(T#%127)



12 AR AL

2021 &£

ence and engineering,2017,274.10-12.

[18] YANG J Z,QI Y,LI H Y,et al.Comparison of nitrogen and phosphorus
purification effects of different wetland plants on eutrophic water[ J ].IOP
conference series earth and environmental science,2018,113,12-42.

[19] XEAR, SKET, 20T , 5. UK -/ KPR A /K R R b
RO T ] AL IR SRR, 2015, 24(81) : 171-181.

[20] COLEMAN J, HENCH K, GARBUTT K, et al. Treatment of domestic
wastewater by three plant species in constructed wetlands| J].Water, air,
and soil pollution,2001,128:283-295.

[21] FRASER L H,CARTY S M,STEER D.A test of four plant species to re-
duce total nitrogen and total phosphorus from soil leachate in subsurface
wetland microcosms|[ J ].Bioresource technology,2004,94(2) ;185-192.

[22] XUSCAS, VP (AT, 254 Fhig M e A\ LI v AR 55 7K 1)
SENFILLA] T ] B T R4, 2016, 10 11) :6313-6319.

[23] ABOU-ELELA S I,GOLINIELLI G,ABOU-TALEB E M, et al.Municipal
wastewater treatment in horizontal and vertical ows constructed wetlands
[J].Ecological engineering,2013,61 :460-468.

[24] BARCO A,BORIN M.Treatment performance and macrophytes growth in a
restored hybrid constructed wetland for municipal wastewater treatment
[J].Ecological engineering,2017,107.:160-171.

[25] MOORE M T,LOCKE M A,KROGER R.Using aquatic vegetation to re-
mediate nitrate, ammonium, and soluble reactive phosphorus in simulated
runoff[ J ].Chemosphere ,2016,160,149-154.

[26] DENG Y,NI F Q.Review of ecological floating bed restoration in polluted

water[ ] ].Journal of water resource and protection,2013,5(12) ;1203 -

1209.

L7 Bk, S, G IR IR BN & B IR K R G 22k s))

BRI ].1-15,2000,32(2) :99-101.

s, SRS, V=, S R AR BRI T IR EE R S

B ACETKR],2003(6) :20-22.

[29] HU G J,ZHOU M,HOU H B, et al.An ecological floating-bed made from
dredged lake sludge for purification of eutrophic water[ J ].Ecological en-
sineering,2010,36( 10) ; 14481458,

[30] YU X M,LI Z H,ZHAO S, et al.Biomass accumulation and water purifica-
tion of water spinach planted on water surface by floating beds for treating
biogas slurry[ J].Journal of environmental protection,2013,4(11) ;1230-
123s.

[31] LIU J L,LIU J K,ANDERSON J T,et al.Potential of aquatic macrophytes
and artificial floating island for removing contaminants[J ].Plant biosys-
tems, 2016, 150(4) ;702-709.

[32] KEIZER-VLEK H E,VERDONSCHOT P F M,VERDONSCHOT R C M,
et al.The contribution of plant uptake to nutrient removal by oating treat-
ment wetlands|[ J ].Ecological engineering,2014,73:684—690.

[33] NAKAI S,INOUE Y,HOSOMI M, et al. Growth inhibition of blue-green
algae by allelopathic effects of macrophytes[ J ].Water science and tech-
nology,1999,39(8) :47-53.

[34] DELLAGRECA M,FIORENTINO A,ISIDORI M, et al.Antialgal ent-lab-
dane diterpenes from Ruppia maritima[ J]. Phytochemistry,2000,55(8) :
909-913.

[35] GRECA M D,MONACO P,PREVITERA L, et al.Allelochemical activity
of phenylpropanes from Acorus gramineus [ J ].Phytochemistry, 1989, 28
(9) :2319-2321.

[36] Z=0 il AN B H Y A S R —— AL B K AR e S
[J]i8ERlE,1996,8(S1) : 1-10.

[37] &, XUR B E TR RIS E 20T DB KRR 2 2 6
[J]H R ,2008,24(21) : 102-104.

[38] LLSIEK, reEl4e, (ERE, AR (1) Fhok At s S M S5 itk
WF5E[d]. R FHAESAAR,1997,8(5) :535-540.

[27

[

[28

[

[39] YAN Z Q,SONG B R,ZHANG L, et al.Effects of submerged plants on the
growth of eutrophic algae and nutrient removal in constructed wetlands
[J]. Open access library journal ,2016,3(10) ;1-11.

[40] STUART CHAPIN F I, WALKER B H,HOBBS R J,et al.Biotic control
over the functioning of ecosystem|[ J].Science,1997,277(5325) :500-504.

[41] BEKLIOGLU M, INCE O, TUZUN I.Restoration of the eutrophic Lake
Eymir, Turkey ,by biomanipulation after a major external nutrient control I
[J]. Hydrobiologia,2003,490(1/2/3) :93-105.

[42] T iiEY) BT KIEY) IR B S BT K AES RS A
SEERID . bl AR/, 2009.

[43] HEADLEY T R,TANNER C C.Constructed wetlands with floating emer-

gent macrophytes ; An innovative stormwater treatment technology[ J].Crit-

ical reviews in environmental science and technology,2012,42(21) ;2261

-2310.

MALTAIS-LANDRY G, MARANGER R, BRISSON J.Effect of artificial

aeration and macrophyte species on nitrogen cycling and gas flux in con-

structed wetlands[ J ].Ecological engineering,2009,35(2) :221-229.

[45] NGUYEN X C,CHANG S W,NGUYEN T L,et al.A hybrid constructed
wetland for organic-material and nutrient removal from sewage: Process

[44

[

performance and multi-kinetic models[ J ].Journal of environmental man-
agement ,2018,222.378-384.

HERRERA-CARDENAS J,NAVARRO A E,TORRES E.Effects of porous
media, macrophyte type and hydraulic retention time on the removal of

[46

[t

organic load and micropollutants in constructed wetlands [ J ].Journal of
environmental science and health : Part A ,2016,51(5) :380-388.

[47] ZHENG Y C,WANG X C,GE Y,et al.Effects of annual harvesting on
plants growth and nutrients removal in surface-flow constructed wetlands
in northwestern China[ J].Ecological engineering,2015,83;268-275.

[48] HOLCOVA V,SIMA J,EDWARDS K et al.The effect of macrophytes on
retention times in a constructed wetland for wastewater treatment|[ J ].In-
ternational journal of sustainable development & world ecology,2009, 16
(5) :362-367.

[49] HENARES M N P,CAMARGO A F M.Treatment efficiency of effluent
prawn culture by wetland with floating aquatic macrophytes arranged in
series| J | .Brazilian journal of biology,2014,74(4) ;906-912.

[50] SUN W,ZHAO H L,WANG F,et al.Effect of salinity on nitrogen and
phosphorus removal pathways in a hydroponic micro-ecosystem planted
with Lythrum salicaria 1..[ J].Ecological engineering,2017,105:205-210.

[51] LI K,LIU L. L,YANG H X, et al.Phytoremediation potential of three spe-
cies of macrophytes for nitrate in contaminated water[ J ].American journal
of plant sciences,2016,7(8) :1259-1267 .

[52] TAMCHATURAPATR J,YI S W,RHEE J S.Nutrient removals by 21 a-
quatic plants for vertical free surface-flow ( VFS) constructed wetland
[J].Ecological engineering,2007,29(3) ;287-293.

[53] DALY R,JIA C R,LIANG W et al.Effects of the submerged macrophyte
Ceratophyllum demersum L. on restoration of a eutrophic waterbody and its
optimal coverage[ J | .Ecological engineering,2012,40.113-116.

[54] Exan RIS | <5 058 N R TR 1 v 7K o s i - [l gt 96
[D]LARE AL, 201 1.

[55] CAICEDO J R,VAN DER STEEN N P,ARCE O, et al.Effect of total am-
monia nitrogen concentration and pH on growth rates of duckweed (Spi-
rodela polyrrhiza) [ J].Water research,2000,34(15) ;3829-3835.

[56] GUSEWELL S,BOLLENS U.Composition of plant species mixtures grown
at various NP ratios and levels of nutrient supply[ J].Basic and applied
ecology ,2003,4(5) :453-466.

[57] TANNER C C.Plants as ecosystem engineers in subsurface-flow treatment
wetlands[ J ].Water science and technology,2001,44(11/12) :9-17.

(EBETR)

[35] 4k, BATT, ARE, S KRR <2 DH BHATEIARIMA- 1 QTLs 2347
[T RIS, 1999,44( 22) :2402-2407.

[36] Espih, MBS fEIRE , /R IAmTAE QTLs B9 T2 62l ].35
rEAL AR (SRR ,2003,29(1) . 7-11.

[37] P, sk, EE, S5 FIF/KAE F, 2 BBt TR A1
SURIRIERE (I T R AL A4 (AR ,2004,30(4) :
303-306.

[38] AR FIFHGYE (i B B Rt 2 5 Gk R AR A AR % QTL
[ D13 7R, 2019.

[39] ik 2. AR PREMIMIAE QTL R ERENT] D A R ARl

= .2018.

. (REMRE N AR QL E RN R B R 3T [ D ).

R E LAl A, 2018,

[41] 2. AP RERIM 1t QTL R4 5E (AR 5 A5 qGWS.2 FYSEfiL
BHIEL DRt B SRS, 2016.

[42] J2te. JKAEEFI AR A OGRS HT T A SRR vk S hRESS:
ELD] Atst: hE A2, 2015.

[43] JRZE5. = BRI St i B /N 8 B 2T A8 A AR BIT 741
QTL sE A7 D LI Al R, 2014,

[40

[t



