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Synergistic Effects and Optimized Configuration of Reed and
Cattail Co-planting Systems on Nitrogen and Phosphorus
Removal in Northern Agricultural Drainage Ditches

WANG Yanan LI Xianyue SHI Haibin CHEN Ning GUO Shuhao HUANG Yue
(College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018 , China)

Abstract; The high content of nitrogen and phosphorus in the northern farmland drainage ditch is the
main source of eutrophication in the downstream water body. In order to improve the removal effect of
nitrogen and phosphorus in the drainage ditch, a pot experiment was carried out in Hetao Irrigation
District of Inner Mongolia. According to the low, medium and high nitrogen and phosphorus
concentrations in the drainage ditch, three plant combination modes of reed, cattail and reed + -cattail
were set up, and three planting densities of 15 plants/m”, 30 plants/m” and 50 plants/m’ were set up for
each mode of aquatic plants, including 30 treatments in the blank control. The effects of plant
combination patterns and planting density on the purification of nitrogen and phosphorus at different
drainage concentrations were studied, and the purification effects of different treatments were
comprehensively evaluated based on the entropy weight TOPSIS model. The results showed that for
different concentrations of nitrogen and phosphorus in water, single aquatic plants and combined aquatic
plants had higher removal efficiency of TN and TP in water under different planting densities. The
average removal rate of TN under the combined mode was 7. 41 percentage points and 15. 61 percentage
points higher than that of single reed and cattail, and the average removal rate of TP was increased by
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11. 71 percentage points and 19. 32 percentage points, respectively. In addition, the removal rate of TN
and TP by aquatic plants was proportional to the planting density, compared with the planting density of
15 plants/m” and 30 plants/m’. The average removal rates of TN were increased by 4.75 percentage
points and 1. 61 percentage points, respectively, and the average removal rates of TP were increased by
6.58 percentage points and 2. 64 percentage points, respectively, under high planting density
(50 plants/m”). At the same time, the removal rates of TN and TP in the three combined modes were
positively correlated with the water concentration. The average removal rates of TN by aquatic plants at
high nitrogen and phosphorus concentrations were 2. 78 percentage points and 18. 56 percentage points
higher than those at medium and low nitrogen and phosphorus concentrations, respectively, and the
average removal rates of TP were increased by 4.24 percentage points and 10. 63 percentage points,
respectively. The entropy weight TOPSIS evaluation showed that the comprehensive evaluation was the
highest when the combination mode of reed + cattail was planted at low density (15 plants/m’) under
low, medium and high nitrogen and phosphorus concentrations, and the comprehensive benefits of
nitrogen and phosphorus removal rate and economic cost were the best. The research results had a guiding
role in the phytoremediation of reeds and cattails in northern farmland drainage ditches.

Key words: water of drainage ditch; nitrogen and phosphorus removal; plant combination model;

planting density ; entropy weight TOPSIS
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Tab.1 Experimental treatment

TN PRI TP SRR ARG [ TN R TP R A [ TN TR TP R FH
(mg-L™)  (mgl™)  (Hem™) (mgL™)  (mgl™)  (Bkm?) (mgL™)  (mgL™)  (Beem™)
L1l 5.0 0.5 15 121 15.0 1.0 15 131 30.0 2.0 15
L12 5.0 0.5 30 122 15.0 1.0 30 132 30.0 2.0 30
L13 5.0 0.5 50 123 15.0 1.0 50 133 30.0 2.0 50
P11 5.0 0.5 15 P21 15.0 1.0 15 P31 30.0 2.0 15
P12 5.0 0.5 30 P22 15.0 1.0 30 P32 30.0 2.0 30
P13 5.0 0.5 50 P23 15.0 1.0 50 P33 30.0 2.0 50
LP11 5.0 0.5 15 LP21 15.0 1.0 15 LP31 30.0 2.0 15
LP12 5.0 0.5 30 LP22 15.0 1.0 30 LP32 30.0 2.0 30
LP13 5.0 0.5 50 LP23 15.0 1.0 50 LP33 30.0 2.0 50
CK1 5.0 0.5 0 CK2 15.0 1.0 0 CK3 30.0 2.0 0
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Tab.2 Aquatic plant costs under different planting
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s Ak il P+ T
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Fig. 1

WAL (7. 660 mg/L) 54 (5. 851 mg/L) 7 +

A (3. 315 mg/L) P34 TP We B TR py 12 S

RYCHT  FFTHA(0. 640 mg/L) 252 (0. 424 mg/LL) |
P+ A AL (0. 250 mg/L)

30 ~60 d M), B AR Ak BN M5 4

TN TP Joi v JE A2 A5 [l 53 30 0. 41 ~ 1. 27 mg/LL

F10.018 ~0. 100 mg/L, FFii 2 TN TP Jii it v i A%

ALIE R 0. 22 ~0.79 mg/L #10. 01 ~0. 15 mg/L,

o+ FUA ST TN, TP i & ik B A8 fb i [

0.16 ~0.39 mg/L #10.013 ~0. 16 mg/L, A] ULIE %

RO R, K AR X 8 5 ) 0 T SR ik #

ANFILRBETR TN TP J5 e e J5E Bl i [ 22 Ak

TN and TP concentrations changes with time under different treatments

TN, 23 60 d FKAAR I, SR AE 4% b BT 7K A4
UV B AR AL R IR — B (B A K A M ) 45
ALF TN TP ¥ B2 B WA T JC/K AE A CK AL B, 156
HZK A= M B8 A B8R AR A b TN TP YR EE , 53 4k
KR G S5 T A R BRSO AT
2.2 KERBIEBREKEBYWAHASERXINFE
= FE WM Rz

Ry R A GHY T TN ZBRE LA 3E f
T B 7. 41 15, 61 D5, FH TP £RR#R
SRR 11,71 19. 32 AN E 0 i (K 3) , AL A AP x
TN TP PRFRE o —H) S B AR ™

R3 AESEBTKEEDI TN, TP X RN

Tab.3 Effects of aquatic plants on TN and TP removal rates under different treatments %
4 TN ZpR%R TP ZBR%R

P Il P+ A P il U+ A

R (60.75£0.65)"  (50.07 £2.50)¢  (71.89 +£0.75)"  (67.06 £0.92)¢  (60.38 +0.60)" (81.85£0.18)"

i PR (65.94£1.60)° (56.43£1.52)%  (74.48 £+1.16)¢  (70.79 +0.68)"  (66.03 £0.91)" (83.32+0.52)¢
FHE (67.20£0.39)¢  (57.71+1.70)%  (77.19+0.77)"  (72.79+£0.78)°¢  (70.87 +0.43)¢  (85.58 +0.74)"

R (78.83£0.91)%  (71.16 £0.80)°  (84.56+0.47)° (76.51 £0.59)¢  (64.49 £0.72)%  (86.45+0.31)°

Rb 35S B (81.02£0.85)°  (73.41x1.23)"  (86.860.49)7  (79.32£0.57)° (69.74+0.60)¢ (90.53 +0.27)¢
R (83.74£0.65)°  (74.75+0.91)"  (89.35+0.48)" (82.32+0.63)" (73.19%1.10)¢  (93.60 £0.10)¢

K% (80.80+0.78)¢ (7450 £1.15)"  (88.45+0.52)¢ (79.96 +0.51)¢  (70.94 £0.29)%  (90.54 +0.09)¢

e TR B RS (83.14+0.84)"  (77.33£1.03)*  (90.67 £0.35)°  (82.40 £0.21)"  (75.30£0.09)"  (96.16 +0.12)*
B (85.63£0.51)  (77.90£0.82)* (90.31£0.48)™ (86.25£0.26)" (77.98 £0.77)* (94.78 +0.19)"

I RIFIEUE R AR/NG FRRR ZE R B E (p <0.05)

IKAEAE A v B R R O TN 2 R R B
IR% BEFP AR 3 5 3. 14 N E 70 80, P8 TP KR %
P& 3.93 AN 4 TE R BE AR R O TN &
Bgag b R R 1. 61 AN E 4, F ) TP
EBRREE R 2. 64 E Sy a5, VLK A AE Y X TN

TP 25 bk 2R Bt A 40 FloA 2 138 A1 348 DA Wb 386 k) B
B % PR 2% B A 4R T, K AR R 6 TN TP 2B R
S A B S a0 | v A il A v R R A
RS B Mm% TN KR $2 5 3.81 A 7
S T R 2 IR 5 rh % BRI A LT TN S BR
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FALHE T 1,06 DA 3. T3 A TERAE 25 FE o
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32 e U MR 3 e BN 9% BT (LP32) B AIK 1. 38 4>
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TN TP 23 BRI #a S5 gl /) | Horp 2 35 A5 v
W R BNV B2 TN R BRR$E R 16.57 M~ H 4
S T v B A TP A B T T2 TN 2 B 3R AR
1.99 MAE A,
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I R NSRS A = e e O N [ 7 - Sl R = Y S
WAL (2 4) 45 3% b s e B R B LUK A 4l
WYy RSAS T A e R X 45 Ak AR AR 1) A X 4
R CEATHET , C 8K 32 B2 b B 25 5 PF A B
m(RS) . MRWET B\ RE/IMRIKSH LP1T LI,
LP12 L12 P11 .LP13 . L13 P12 CK1 P13, i
NH K E NK R O LP21, 121 122, LP22 P21,
123 LP23 P22 CK2 P23, &kl K& /MK IR
S LP31, 131, LP32, 132, P31, 133, P32, LP33,
CK3 P33, Al DLAK e BE R LPI1 4b R 25 & 0F 9
LR 0. 822 ik BE R LP21 Ab R ZE A T4 & i,
J0.814; = HE T LP31 A ZE 51 fe i, M
0.823, [, 76 3 M ABEMR BT, 235 + B %
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Fig.2 Effect of aquatic plant combination pattern and planting density on comprehensive score
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