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Abstract: [Objective] The objective is to study the purification effects of aquatic ornamental plants on
eutrophic water bodies. [Method] From late April 2020, different planting combinations were carried out with
the water-holding plants Lythrum salicaria, Iris pseudacorus and Scirpus validus, the floating plants
Nymphoides peltatum and Nymphaea tetragon, and the submerged plant Ceratophyllum demersum to compare
their growth in water with 3 different levels of eutrophication: low, medium and high, and the water purification
effects of removing total phosphorus (TP), total nitrogen (TN), ammonia nitrogen (NH;-N) and reducing
chemical oxygen demand (COD). TP, TN, NH;-N and COD of the 3 experimental water bodies were 2.00, 0.20,
0.67, 20.00 mg-L™", 10.00, 1.00, 3.34, 50.00 mg- L', and 20.00, 2.00, 6.67, 100.00 mg-L™"). [Result] (1) S.
validus grew well in the eutrophic water body with low mass concentration, while L. salicaria and I
pseudacorus grew better in the treatment of medium and high mass concentration than in the treatment of low
mass concentration. N. peltatum grew faster and better than N. fetragon, but it might affect the growth of
combined plants. C. demersum grew weaker in combination with N. peltatum than with N. tetragon. (2) In the
low concentration treatment, the S. validus, N. tetragon and C. demersum algae group had a better ability to
remove TP from eutrophic water body in the early stage, with a removal rate of 47.57%. The combination of 1.
pseudacorus, N. tetragon and C. demersum algae had the best purification effect in the late stage, with a TP
removal rate of 74.59%. In the medium and high concentration treatment, both the /. pseudacorus, N. tetragon
and C. demersum algae group and S. validus, N. tetragon and C. demersum algae group had good TP removal
effects. (3) In the low concentration treatment, the two planting combinations with S. validus had better removal
effects, reaching 30.00% or more. In the medium concentration treatment, the TN removal effect of S. validus,
N. tetragon and C. demersum algae group was better. I. pseudacorus, N. tetragon and C. demersum algae had
good purification effect in the treatment of low, medium and high concentrations. (4) In the low concentration
treatment, the group of S. validus, N. peltatum and C. demersum algae had the best effect of removing NH;-N,
with a removal rate of 14.03%. In the medium concentration treatment, the group of L. salicaria, N. tetragon
and C. demersum algae had the best purification effect, reaching 4.09%. In the high concentration treatment,
both Ipseudacorus, N. tetragon and C. demersum algae group and S. validus, N. tetragon and C. demersum
algae group had the best purification effect. (5) In the low concentration treatment, the effect of S. validus, N.
tetragon and C. demersum algae group on COD removal was the best, up to 108.33%. The group of I
pseudacorus, N. tetragon and C. demersum algae had good purification effect in the treatment of low, medium
and high concentrations, and the removal rates were 115.00%, 46.00% and 41.50% respectively. [Conclusion ]
The group of 1. pseudacorus, N. tetragon and C. demersum has good purification effects in eutrophic water
bodies of different concentrations and has high landscape application value. It proves to be the best planting
combination. [Ch, 4 fig. 6 tab. 25 ref.]

Key words: aquatic plant; eutrophication; plant combination; water restoration
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Figure | Relative growth in height of water-retaining plants Figure 2 Relative growth of aquatic plant branches/leaves
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Figure 5 Changes of TP content under different eutrophication concentrations
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Table 3 Removal of TP from water bodies by different aquatic plant combinations under different eutrophic concentration treatments

AR L Ak B SR R %

WSRO t/d

QXIJ QSI HXIJ HSJ SXJ SSJ
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Figure 6 Changes of TN content under different eutrophication concentrations
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Table 4 Removal of TN from water bodies by different aquatic plant combinations under different eutrophic concentration treatments
— SRR FIAR LA A B SR B %
HESFEE wd
QXJ QSJ HXJ HSJ SXJ SSJ
7 0.444+2.06 a —0.83+0.74 a —0.78+1.15a 9.75+4.14 a 2.08+0.93 a 2.19+1.30 a
14 2.62+1.18 a 0.34+3.95 a 1.90+1.19 a 6.23+3.33 a 6.04+2.71 a 8.79+6.38 a
ik 21 1.36+1.81 a 2.33+1.22a 1.39+£0.98 a —2.42+2.48 a 1.50+1.29 a 2.53+2.74 a
28 3.64+0.13 a 11.40+2.49 a 11.63£11.62 a —10.00£2.60 a 0.25+2.02 a 11.62+6.19 a
35 12.05+4.07 d 16.93£2.62 cd 22.10£1.04 bed 24.95+1.41 be 47.33+1.99a 30.90+£0.17 b
7 0.40+0.06 a 0.67+0.35 a —0.05+0.41 a 1.15¢1.30 a —0.42+0.39 a —0.66+0.60 a
14 0.24+0.30 a 0.30+0.41 a 0.94+0.18 a 0.59+0.21 a 2.10£1.04 a 0.60+0.34 a
A 21 0.28+0.23 a 0.13+0.27 a 0.40+0.17 a 0.55+0.10 a 0.11+0.35a 0.32+0.23 a
28 8.43+0.63 a 9.44+0.77 a 12.58+3.92 a 13.66+0.84 a 9.44+0.12 a 10.51+£1.26 a
35 2.154+0.56 be 2.67+0.44 be 0.79+0.08 ¢ 3.36+0.24 abc 3.43+0.56 ab 5.59+0.94 a
7 0.23+0.27 a —0.58+0.21 a —0.48+0.22 a —0.11+0.04 a —0.13£0.10 a —0.05+0.22 a
14 0.41+0.12 ab —0.06+0.06 ¢ 0.67+0.00 a 0.71£0.04 a 0.15+0.11 be 0.48+0.08 ab
= 21 0.22+0.40 a -0.17+0.15a 0.33+0.10 a 0.05+0.13 a 0.20+0.11 a 0.24+0.22 a
28 1.2940.13 a 1.20+0.05 a 1.08+0.06 a 1.274£0.05 a 1.2940.09 a 1.23+£0.05 a
35 2.59+0.06 b 2.85+0.04 b 2.78+0.09 b 3.47+0.24 a 2.76+£0.09 b 2.60+0.12 b
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334 mg L' FEZ 0.09~0.12 mg-L™", XFHRZH N 0.15 mg- L', 2 50H W 20 & 76 B 1 0 2 280 19 26 [ 3 A A%
(F5), FWIA G BEST R A REROR, 21 dBf IR A LPRE g, BLAT QST Lk . 35d
B, SSI I QST X2 A B LR e i

R S SRR, S G K R S AT R v R B E GR R, BESE R, 28 d S
N N, 35 d R, MG UK IR AT E W E H 6.67 mg- L FEZE 0.04~0.05 mg- L™, X HEZL N
7 0.12 mg- L7\ 7C). H WA G 14 d BPEREE 1 DS EBREAN g, ZEEANEBREATT
R ; SSJ. HSJ M SXJ 7E 28 d RHE LEE 2 MR A LB 0. 35 d B, XA L BRI KM HST 41,
/N QX 4 (55 5).
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Table 5 Removal of NH;-N from water bodies by different aquatic plant combinations under different eutrophic concentration treatments

N A RIAE L G AL I S U R R %

EEFEEE

QXJ QsJ HXJ HSJ SXJ ssJ
7 ~1.49480a ~498:587a  —9.70:3.02a  -0.75:3.88a  -896:524a  ~7.96£7.77a
14 150:043a  -38.06:431d  -1343:043c  -3.73%172ab  —12.69:1.72bc  0.75:0.00a
s 21 21.89:0.86b 2189£1.72b  20.40:0.86b  30.35:1.79a 31.34£1.99a  33.08+1.29a
28 1119£1508ab  29.855603a  —15.67:1.29b  3134%2.59a 38.06£732a  18.66£1.29 ab
35 10.65£0.28 ab 766£175b  11.74£1.04ab  7.56£1.42b 14.03£1.29 2 9.48£0.73 ab
7 -2.69£046a 110£0.87a  —1.05:1.12a  —0.90+1.04a  —0.60:138a  —2.84£0.09a
14 140:0.17a 0.3040.10a 0.10£1.90ab  0.65:0.09a  -040£0.35ab  —1.00£0.17b
i 21 230:0.53a 4.09+036 a 3.44£061a 1205035 ab 220£121a  ~1.35£0.09 b
28 0.00:0.17a 0.15£1.30a 0.75:0.78a  0.600.52a 0.20£1.15a 1.00£0.40 a
35 091£0.03 be 1.6840.10ab  0.676029bc  0.614022 ¢ 150£0.25abc  227£0.29a
7 2.60£040a 1.40£0.80 a 1455035 265:0.17a 0.70+1.08 a 0.30£0.13 a
14 342:087a 2.8240.56 2 38740222 3.8240.09a 3.37:0.69 2.170.61 a
# 21 L15:1.00a 06041152 —0.75:1.73a  0.75£094a 125£0.53a  —097+1.34a
28 0.65£0.48ab 0.12¢0.87ab  ~0.37+1.04b  2.70+0.13ab 2324043ab  3.07+0.61 a
35 0.66£0.01c 0.95:0.08 b 1.08£0.04ab  1.19£0.03 a 1.04£0.06ab  1.08£0.02 ab
YL AT RIS AR/ NS T B3R R — I AR [ A 20 0 = R R B R R 22 57 B35 (P<<0.05).
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Figure 7 Changes of NH;-N content under different eutrophication concentrations
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Figure 8 Changes of COD content under different eutrophication concentrations
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Table 6 Removal of COD from water bodies by different aquatic plant combinations under different eutrophic concentration treatments

AN FIAE P R AE 4 G Ak B 205 S A R %

EEFEEE

QXJ QSJ HXJ HSJ SXJ SSJ
7 25.00+5.00 ab 6.67+9.28 ab —16.67+23.15b —1.67+12.02ab —13.33+11.67b 50.00+£10.41 a
14 —41.6743.33a  —47.50+10.10ab  —78.33£23.33b  —10.00+£10.00a  —25.00+22.55 a —3.33+6.01 a
1% 21 57.50<15.28 a 52.50+11.55a 27.50+£25.98 a 69.17+3.33 a 37.50+7.64 a 54.17+8.33 a
28 60.00+7.22 a 30.83+12.02 a —0.83+£30.05 a 25.83+4.41 a 45.83+1691 a 59.17£10.93 a
35 12.50+£7.22 b —6.67+4.41 b —7.50+10.10 b 115.00+8.67 a 105.00+0.00 a 108.33+16.07 a
7 10.00+£6.11 a 14.67+2.40 a 9.33+£0.67 a 2.00£16.17 a 16.00£9.24 a —4.00+£7.57 a
14 37.33+521 a 4.67+8.33 ab —14.33+9.81 b 13.33+6.36 ab 5.33+13.28 ab  —10.00+7.06 b
r 21 6.00+£5.29 a 2.00+5.03 a 4.00£12.70 a 6.00+4.62 a 16.00+£5.29 a —13.00+0.58 a
28 —7.33£9.96 a 3.33£11.39a 4.67£10.67 a 7.33+£0.67 a 4.67+6.96 a 10.00+8.00 a
35 41.33£3.46 ab 36.00+6.36 ab 19.33£3.46 b 46.00£2.91 a 43.33£7.02 a 34.67+2.91 ab
7 11.67+2.85 ab 9.67£2.91b 15.67+2.19 ab 25.33+1.76 a 17.00+2.31 ab 11.33+4.67b
14 —8.00+5.51 a —6.33£2.85a 3.00+3.61 a —5.33+4.84 a —5.33+£5.55a —4.00+1.00 a
= 21 1.33£6.96 a 11.00+3.76 a 13.33£1.20 a 10.00+1.20 a 7.33£9.02 a 13.33+£3.38 a
28 11.00+£3.46 a 5.50£2.02 a 15.00<1.15a 14.00+4.16 a 10.00+4.04 a 10.67+4.81 a
35 27.00+0.58 ¢ 36.00+1.15b 41.33+0.88 a 41.50+0.29 a 19.00+0.58 d 6.00+£0.58 ¢

YL TP IEE AR/ ING FRERIR R — W RS AR A 5 0 A 23 e 25 B 22 53 38 (P<<0.05)
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