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Effects of oxygenation on the nitrogen uptake of Myriophyllum aquaticum and sediment microenvironment

LI Hanchang', ZHANG Wenping", WEN Qingbai’, TAN Xin', LI Zonghao', ZHONG Cheng', LI Yan', YI Dali', YANG Liangjiu'

(1. College of Hydraulic & Civil Engineering, Hunan Agricultural University, Changsha 410128, China; 2. Ouyanghai Irrigation District
Water Conservancy and Hydropower Engineering Administration of Hunan Province, Leiyang 421800, China)

Abstract: To investigate the effects of oxygenation on nitrogen uptake by Myriophyllum aquaticum and sediment microenvironment, a pot
experiment was conducted using Myriophyllum aquaticum as tested material. The control group was treated without oxygenation, and four
oxygenation levels of O;(4 min), 0,(6 min), 0:(8 min), and 04(10 min) were designed. The variation characteristics of nitrogen uptake by
plants and the content of ammonium nitrogen and nitrate nitrogen in sediments under different culture periods were systematically studied.
The mechanism of oxygenation regulating sediment microenvironment and improving the degradation ability of nitrogen pollutants in water
by Myriophyllum aquaticum was revealed. Results showed that, with oxygenation or not, the nitrogen uptake of roots and shoots and the
nitrogen accumulation of plants all increased gradually with the extension of culture time, and the nitrogen uptake of shoots was higher than
that of roots. Oxygenation significantly promoted the absorption of nitrogen by Myriophyllum aquaticum. Oxygenation for 8 min in the early

growth stage (t; and t, periods) and for 6 min in the middle and late growth stage (t;, L, and t5 periods) corresponded to the maximum
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nitrogen accumulation of Myriophyllum aquaticum. The maximum nitrogen accumulation of plants in the ts sampling periods was 171.08

mg-plant™ with 6 min of oxygenation. Oxygenation resulted in the decrease of the sediment pH in the early growth stages and an increase in

the organic matter content of the sediment in the late growth stages. Oxygenation decreased the nitrate nitrogen content in the t, period and

the ammonium nitrogen content in the t; and ts periods but increased the nitrate nitrogen content of the sediment in the ts period, thus

promoting the absorption and accumulation of nitrogen by Myriophyllum aquaticum. Oxygenation affected the pH value and organic matter

of sediment by increasing dissolved oxygen content in water. Thereby, the form transformation of sediment nitrogen was regulated and

released to the water body, effectively improving the degradation ability of Myriophyllum aquaticum to the nitrogen pollutants in polluted

water bodies.

Keywords : nitrogen uptake; pH value of sediment; organic matter; ammonium nitrogen; nitrate nitrogen; oxygenation treatment
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Table 1 The basic physicochemical characteristics of the experimental soil

e e e 2
TN/(g-kg™) TP/(g-kg™)

Available N/(mg-kg™")

AR pH fE. AHLB

AP/(mg-kg™) pH value Organic matter/(mg-kg™)

0.75 0.38 39.64

16.94 6.14 8.20
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Table 2 Difference analysis of nitrogen accumulation and nitrogen uptake in different organs of Myriophyllum aquaticum(mg-plant™)

#%H Organ A Treatment t t ts ta ts
A CK 0.57+0.08d 2.030.29¢ 2.410.22d 3.76+0.27d 6.80+1.26¢
Root 0, 1.09:0.21cd 2.48+0.44be 3.46+0.32¢ 6.26+0.47¢ 10.26+0.55h
0 1.69+0.14ab 2.88+0.55ab 5.78+0.06a 14.13+0.75a 16.94+0.37a
0 1.9120.55a 3.51+0.32a 4.19+0.44b 8.87:40.49h 16.27+0.17a
0 1.32+0.19be 2.61+0.40be 3.98+0.34be 6.49+0.10¢ 9.63+1.02b
H CK 14.64+0.25¢ 15.72+0.39¢ 25.11+2.70d 46.24+1.77b 92.63+4.78¢
Howsegoad 0, 17.00+2.92be¢ 19.89+1.14¢ 45.68+2.32¢ 85.34+2.67a 127.02+10.66b
0 23.78+0.58a 35.54+2.15b 64.78+2.78a 95.73+20.39a 154.13+7.76a
0 27.73+1.26a 43.62+4.87a 52.471.72b 54.57+1.52b 106.57+11.29¢
0 21.5326.57ab 32.32+4.19b 47.0242.21¢ 48.13+1.33b 93.16+7.66¢
Fi bk CK 15.21+0.26d 17.75+0.17¢ 27.51+2.91d 50.00+1.56¢ 99.43+3.52¢
Plant 0, 18.09+2.78¢d 22.36+1.57¢ 49.14x2.44c 91.60+3.14h 137.28+11.12b
0. 25.47+0.65ab 38.42+2.55h 70.56+2.72a 109.86+20.84a 171.08+8.09a
0 29.65+1.47a 47.13£5.19a 56.661.29h 63.43+1.52¢ 122.84+11.42b
0 22.85+6.45hc 34.93+4.33b 51.002.22¢ 54.62+1.28¢ 102.79+6.78¢
IEES g y=—0.1440742.564x+  y=—0.227x"+4.720x+ y=—0.837x"+10.873x+ y=—1.905x+18.908x+ y=-2.13247+21.634x+

14.127 R’=0.679 15.507 R’=0.688 26.266 R*=0.848 50.310 R*=0.802 97.633 R*=0.790

Fitted equation

TE B M B AR EDE (n=3) o [AFUASIR)/ING P RR 3R Ab BT 22 5 B 35 (P<0.05) 0 T Tl
Note: The data are mean * standard deviation (n=3). Different lowercase letters in the same column represent significant differences among treatments

at P<0.05. The same below.
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Figure 1 Dynamic changes of total nitrogen, ammonium nitrogen and nitrate nitrogen contents in sediments

under different oxygenation treatments
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ta R BT JRC VR AT ML 2 £ DU S T o I BTG, 9 387
O A0 3 PLEIAE . P 28 4 AT 0, 6 A o B 3 IR R 2 A5
RO 5V A ML & 2 7R 5C (P<0.05) , 1
WV fis A A& 5 5 R Ve A L AR T 2 A ¢
(P<0.01).

23 MRIMERREZERKIERS RIEELFERX
P51
2.3.1 el SRR AR S IR e e R A oG
Yo b

H1 2 5 AT, 3 ST e 2 1 o ISR SRR
BEALER L E T SR AW, B T 6 A o R R
SR I AU HE s I IAS 2R TR S MR 2R R IR
[l i, R e 4 S0 S i . RN o Ml e i
SRy SR IR AR R AU AE it 3 S A i AR AR
AR SRR S R AHSE (P<0.01) 1

3 RiEpHE . ANRERMES

Table 3 Difference analysis of pH value and organic matter of sediment

F8F5 Index AL B Treatment t t 13 L ts
pH i CK 7.69+0.17a 6.70+0.05a 6.35+0.08a 6.05+0.03¢ 6.10+0.02ab
pH value 0 7.38+0.03b 6.65+0.02ab 6.26+0.05ab 6.15+0.02a 6.13+0.01a
0, 7.20+0.09¢ 6.59+0.02bc 6.24+0.02b 6.11+0.03ab 6.08+0.04ab
0; 7.07+0.05¢d 6.53+0.08¢ 6.23+0.07b 6.07+0.01bc 6.05+0.05h
0, 6.94+0.06d 6.38+0.05d 6.18+0.03b 5.96+0.04d 6.04+0.02h
EERIN CK 10.58+0.24a 10.49+0.16a 9.75+0.09¢ 9.38+0.19h 8.74+0.20d
Organic matter/(g-kg™*) 0, 10.42+0.36a 9.98+0.06ab 10.47+0.12a 10.51+0.34a 9.10+0.10¢
0, 9.41+0.35h 9.90+0.48b 10.53+0.18a 10.59+0.15a 10.08+0.06a
0s 10.14+0.06a 10.34+0.07ab 10.46+0.12a 10.21+0.74a 9.55+0.11b
0. 10.49+0.25a 10.35+0.29ab 10.03+0.12b 10.08+0.04a 10.22+0.16a

x4 RERSR HESRAESKEpHE BVREXES

Table 4 Correlation analysis of sediment ammonium nitrogen and nitrate nitrogen content and soil pH value and organic matter

F5H7 Index t

t2 t3 ta ts
JRIREASA pH{H pH value 0.854% 0.627* 0.750%* 0.031 -0.014
Sediment ammonium nitrogen A HLJE Organic matter 0.263 0.143 -0.596%* ~0.587* -0.240
IR A A pH{H pH value 0.374 0.425 0.403 -0.054 0.346
Szl srigeite mligen 4 HLJE Organic matter 0.230 0.220 ~0.682%* -0.361 -0.056

T R IE 0.0 KF2E R B3+ FORTE 0.05 K2 B Tl

Nate: ** represents significant differences at 0.01 level, * represents significant differences at 0.05 level. The same below.

F5 MAMERRZBREERSREERSEEXESHT

Table 5 Correlation analysis of nitrogen absorption index of Myriophyllum aquaticum and total nitrogen content in bottom sediment

— R R A o AR H AR i
" / Sampling period N uptake of roots N uptake of above ground N accumulation of plant
JRJE ARG t -0.785%* -0.778%* -0.797%*
Total nitrogen content of sediment b ~0.726%* _0.661%* _0.670%*
t -0.115 -0.185 -0.181
t 0.463 -0.023 0.047
ts 0.642%* 0.176 0.254

2L ] )5

Multiple linear regression equation

y=-24.18x,+26.94
(R*=0.586,P<0.01)

y==176.02x;+184.41
(R*=0.389,P<0.01)

y=—184.11x3+199.59
(R*=0.345,P<0.01)
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et T oI ST A SR TR BEARL AR 20 R Bl
2.3.2 Brap IR B AR WU R S IR B S R 5
A R A B

H13 6 AT, 38 4804 R 0l A5 2 P2 SR AR A RS
JRE Ve B A R S e Al o BN 1 o Al G I JHIAR
V0 3t e A AR AR P R BR B 70 ] 5 IR e B A
A i AR TUAH DG (P<0.01) 5t B S AR 350 R0 i
R Te A R R AR 2 U SR (P<0.01) 5t
S 3t b S SR AR R Y B A U i R TR
(P<0.05) , FE AR AR R SR I B A S0 1 e i 2%
TR (P<0.01) o ts I IRy SRR e A R AR AR 5
AN TR st S G e 25 R i 22 on el U o B 4 SRt — 4
T, v s I U R U0 85 25 005 2 52 Wy 2 DR B s
IS0 G R MRS R R A S, 1 SRR s BT IE T
B SR R R I AR TE T s I DR SR A AR A
A SRR

B4 S AT A AR s YD S IR A TR R i
SRBIRICRE ST , BEIT S8 I R TR A RS 7
B 26 AL, o I ST b AR i A

AR RURR R A 43 ) S A A R i A A DG (P<
0.01) 5 ta BT HA AR UM AL F: 15 JEC VR Al A 260 5 1 AR I
FAAAAIE(P<0.01) 5t B 100 Hly - 3508 20 Rz A AT ok L
RS SRS A S & 20 2% E A (P<
0.01) . ts B My S A2 28 20 3R R SCHE A 5 AN [) sf
RS A G RLZInEERBE i —4 %M, o
A ts R 03 U i 745 2 75 2 R R e I 3 s ) 30
R R A ) G TR 3%, D5 SR T L B, 3 4L
B LI R A S A SRR s BRI A S A
T IGI0 RD E A T T s B O R S A Ak A 1Y
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3 iTig

3.1 MEINE R R R R R HFE

AWIFEE GG A7 30, 42 T e A
CIESNINE (ES L= RibPREN TS E % 2 N Rk
Ry R IR e R K AR5 G I BE DT BOBIL . ASBIESE
TCACHE A 1, By e IR 2 24 RE T 1 AR K AR
ENDEE NS B 2710 et o ISt PREY LSS REE 70|
(8 AR AR B RS RSO £ 22 57, R BN Ry 2
IR AR | b 3 R i B A P SR SR R B 2
I ) AR T TG, EL B R R S 2 e T
MR (K 2) . HET, KRR 15 Gk AR A AL
Z Y A B W R | K R - ) - R R TR
S5 WUEY 3D R T IRT, HOR AR B B RICR
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Table 6 Correlation analysis of nitrogen absorption index of Myriophyllum aquaticum and ammonium nitrogen content,

nitrate nitrogen content in sediment

EiE 7 SO i 1 LESHP LT e b b R TR AR R i
Index Sampling period N uptake of root N uptake of above ground N accumulation of plant
B A b -0.702%* -0.721%* -0.736%
Ammonium nitrogen content b —0.714%% —0.762% —0.766%%
ts -0.773%** —-0.848%* -0.846%*
L -0.920%* -0.408 -0.500
ts -0.465 -0.638%* —-0.645%*
ZonZ kIl Ay 7R y=—2.19x,+34.59 y=—23.67x5+286.75 y=—26.50x5+319.30
Multiple linear regression equation (R=0.744,P<0.01) (R*=0.362,P<0.01) (R=0.371,P<0.01)
AR b -0.349 -0.465 -0.466
Nitrate nitrogen content b —0.755% —0.946% —0.944%%
ts —-0.720%* =0.797** —-0.795%%*
[ —0.674%* -0.415 -0.470
ts 0.464 0.678%* 0.680%*

22 LN ] )1y

Multiple linear regression equation

y==0.57x,+0.95x5+16.10
(R*=0.888,P<0.01)

y=11.43x5+79.48
(R*=0.418,P<0.01)

y=12.71x5+87.51
(R*=0.421,P<0.01)
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