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Abstract: To explore the response mechanism of Elodea densa (Planch.) Casp. to NH; stress of water
body under the background of elevating atmospheric CO, concentration, two NH; mass concentration
levels (1 and 6 mg + L") and three CO, flow rate levels (0.0, 0.4, and 1.0 m’ - h™", corresponding to
ambient CO,, low flow rate of CO,, and high flow rate of CO,, respectively) were set, the physical and
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chemical indexes of water body and growth increment and physiological and biochemical indexes
(including chlorophyll content, antioxidant enzyme activities, malonaldehyde ( MDA ) content, and
activities of key enzymes in carbon and nitrogen metabolisms ] of E. densa in six treatment groups at 0, 3,
10, and 17 d of stress were compared and analyzed by using two-factor analysis of variance. The results
show that, compared with O d of stress and NH; single stress treatment group, at 3, 10, and 17 d of
stress, the dissolved oxygen content and pH value of the water body in the four combined stress treatment
groups significantly ( P<0.05) decrease, while the electric conductivity, oxidation-reduction potential
salinity, NH} content, and HCO; content mostly increase significantly, in addition, the effects of CO,
flow rate on the above indexes of water body and the effect of NH, mass concentration on the NH} content
in the water body are statistically significant at the 0.001 level, and the effect of their interaction on the
NH; content in the water body is statistically significant at the 0.05 level. The growth increments of E.
densa in the six treatment groups are all negative; under the same CO, flow rate, the difference in growth
increment of E. densa between 1 and 6 mg - L™' NH] treatment groups is relatively small, while under the
same NH; mass concentration, the growth increments of E. densa in the low and high CO, flow rate
treatment groups are both significantly lower than that in the ambient CO, treatment group; moreover,
only the effect of CO, flow rate on the growth increment of E. densa is statistically significant at the 0.001
level. The chlorophyll content of E. densa in the four combined stress treatment groups show a variation
tendency of first increase and then decrease with the elongation of stress time; compared with the ambient
CO, treatment group, on the whole, the activities of superoxide dismutase and peroxidase of E. densa in
the four combined stress treatment groups significantly decrease at 3 d of stress and significantly increase
at 10 and 17 d of stress, while the catalase activity increases at 3, 10, and 17 d of stress; under the
same NH; mass concentration, the MDA content of E. densa in the high CO, flow rate treatment group is
significantly lower than that in the low CO, flow rate treatment group at 10 and 17 d of stress. Overall,
under the same NH; mass concentration, the activities of glutamine synthetase ( GS), glutamate
synthase, and glutamate dehydrogenase (GDH) of E. densa in the low and high CO, flow rate treatment
groups are higher than those in the ambient CO,treatment group at 3 d of stress, while the activities of
GS, GDH, ribulose-1,5-bisphosphate carboxylase activity, and carbonic anhydrase are lower than those
in the ambient CO, treatment group at 10 and 17 d of stress. The above results suggested that elevated
CO, concentration can promote the synergistic carbon-nitrogen metabolism of E. densa, thereby alleviating
the toxic effect of NH in water on E. densa, but with the elongation of stress time, the dissolved HCO; in
water accumulates, leading to water body acidification, which in turn exacerbates the toxic effect of NH;
on E. densa.

Key words: FElodea densa ( Planch.) Casp.; CO,; NHj; combined stress; two-factor analysis of
variance; carbon and nitrogen metabolism
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FET B 3,10 F1 17 d B A S 0 pH (A
LFEE CO, i Fh R, IF H, R (0.4
m’ - h™ ) FEFE (1.0 m® - h™') CO, &b ZH /Y 15 i
AR pH HY W EMRTHEE (0.0 m® - h™') CO,
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6 mg - L NHZ Qb FRZH )1 i A A A pH fEFEA I
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SR AR HE SR T RIS R 3, AL o 7 2
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£1 NHj 1 CO, & &M Bk B E 4 KK L ZIEFRMIF G ( XSE) V)
Table 1 Effects of NH; and CO, combined stress on physical and chemical indexes of water body for the growth of Elodea densa ( Planch.) Casp.

(X+SE) Y

NH} B/ (mg - L") €O, W&/ (m® - h™!)

ASTRI 18] A A S/ (mg - L7')  Dissolved oxygen content at different times

NHj mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 7.99+0.06a 7.96+0.28a 6.64+0.32a 6.85+0.21a *
1 0.4 7.99+0.06a 2.57+0.07b * 2.78+0.21b * 2.33+0.02b *
1 1.0 7.99+0.06a 2.04x0.01b * 0.96+0.10c * 1.93£0.17b *
6 0.0 7.69+0.16a 7.38+0.17a 5.06+0.10a * 3.34£0.22a *
6 0.4 7.69+0.16a 2.05+0.29b * 2.25+0.72b * 1.85+0.12b *
6 1.0 7.69+0.16a 1.63+0.08b * 0.53+0.06b * 1.36+0.24b *

NH} Bk E/ (mg - L") CO, Jit/(m® - h7!) A[RIEHE A pH {E pH value at different times

NH} mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 7.74+0.10a 7.51+0.10a * 8.25+0.04a * 7.68+0.02a
1 0.4 7.74+0.10a 5.52+0.02b * 6.42+0.05b * 5.69+0.04b *
1 1.0 7.74£0.10a 5.49+0.03b * 6.27+0.04b * 5.78+0.09b =
6 0.0 7.93+0.01a 7.67+0.03a * 8.24+0.05a * 7.30+0.03a *
6 0.4 7.93+0.01a 5.51+0.01b * 6.36+0.08b * 5.74+0.07b *
6 1.0 7.93+0.01a 5.45+0.04b * 6.27+0.04b * 5.52+0.03c *

NHj B/ (mg - L)

NH} mass concentration

CO, Wit/ (m® - h™")
CO, flow rate

N[N [E] A L%/ (S - em™!)

Electric conductivity at different times

0d

3d

10d

17d

1 0.0 510.43+13.33a
1 0.4 510.43+13.33a
1 1.0 510.43+13.33a
6 0.0 511.33+14.10a
6 0.4 511.33+14.10a
6 1.0 511.33+14.10a

488.70+4.99¢ *
599.00£11.06b *
616.67+11.46a
543.33+11.10b *
648.67+10.73a *
653.33+£2.96a *

504.67+3.18¢
692.67+12.78b *
749.67+24.94a
563.00+13.43¢ *
740.00+8.33b *
778.33+£9.39a *

554.00+0.58¢ *
564.00+0.58b *
572.67+0.33a*
558.67+0.33¢ *
568.33+0.33b *
579.67+0.33a *

NHj B %/ (mg -

L™

NH} mass concentration

CO, Wit/ (m® - h™")
CO, flow rate

AS[E e [R] Y B AL R SR L3/ m VY Oxidation-reduction potential at different times

0d

3d

10d

17d

1 0.0 198.25+3.95a 199.13+3.28¢ 157.97+0.55b * 230.00+3.00c¢ *
1 0.4 198.25+3.95a 246.67+1.04b * 211.20+3.38a * 359.67+10.33b *
1 1.0 198.25+3.95a 253.60+0.20a * 206.03+0.49a = 425.33+1.76a*
6 0.0 187.63+0.49a 191.77£1.53¢ * 155.17£0.71c * 211.67+0.88b =
6 0.4 187.63+0.49a 253.90+0.47a * 220.00+£2.88a * 365.00+10.12a =
6 1.0 187.63+0.49a 250.40+0.12b * 200.70£1.16b * 140.33+70.21c *
NH} BiHik/%/(mg - L") CO, Wi/ (m® - h7!) AN A ERE /% Salinity at different times
NHj mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 0.027+0.000a 0.026+0.000b 0.027+0.000¢ 0.030+0.000a *
1 0.4 0.027+0.000a 0.032+0.001a * 0.037+0.001b = 0.031+0.001a *
1 1.0 0.027+0.000a 0.033+0.001a * 0.040+0.001a * 0.030+0.000a *
6 0.0 0.029+0.001a 0.029+0.001b 0.030+0.001¢ * 0.032+0.001a *
6 0.4 0.029+0.001a 0.035+0.001a * 0.039+0.000b = 0.030+0.002a *
6 1.0 0.029+0.001a 0.035+0.000a * 0.041+0.000a * 0.031+0.000a *
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£E3R1 Table 1 ( Continued)

NH; B/ (mg - L) CO, Fifk/(m® - hh) ANEEFENG NH &5/ (mg - L") NHJ content at different times

NH} mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 0.66+0.02a 0.46+0.02c¢ = 0.00+0.00c * 0.00+0.00c *
1 0.4 0.66+0.02a 0.63+0.01b 0.74+0.01b = 0.83+0.01b =
1 1.0 0.66+0.02a 0.72+0.02a * 0.86+0.00a = 0.94+0.03a *
6 0.0 4.33+0.08a 3.84+0.04b * 1.11+0.10c¢ * 0.00+0.00c *
6 0.4 4.33+0.08a 4.48+0.09a 3.69+0.10b * 3.24+0.06b *
6 1.0 4.33+0.08a 4.65+0.11a* 4.75+0.09a * 5.86+0.05a *
NH: BB/ (mg - L7') €O, Hifit/(m® - h™") AFEBHE ) HCOS i/ (mg - L7')  HCOj content at different times

NH} mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 149.49+10.68a 146.95+2.83b 148.98+2.22¢ 130.17£3.67c¢ *
1 0.4 149.49+10.68a 170.34£9.17a * 263.39£2.22h = 298.48+4.52b *
1 1.0 149.49+10.68a 186.61+2.22a * 302.54£6.73a * 354.41£2.22a %
6 0.0 154.32+5.38a 125.09+1.76¢ * 158.64+4.66¢ 117.46+2.33c *
6 0.4 154.32+5.38a 172.37£2.33b * 255.76£2.22h * 293.90+2.22b *
6 1.0 154.32+5.38a 190.17+4.43a * 306.10x1.83a * 360.51+3.09a *

D ES A ENE R R TE R — NHj B E T AFE CO, ZbFRAL ][ 2% 57 .3 (P<0.05) Different lowercases in the same column indicate the

significant differences (P<0.05) between different CO, treatment groups under the same NH} mass concentration. * .

FAREPHA 0 d #9225 3

(P<0.05) Representing the significant difference (P<0.05) with O d of stress.

EAMHAATEIL Y HCO; &8 % T F 5, ha
3.10 F1 17 d B4 AbFRAL G HL 3% AR I L7 26
JE NH; &E A HCO, S 5Min o d MER B,
FE[A]— NH; Brit i B2 T, Jifaa 310 F1 17 d B, B S
F I NH] &H M HCO; &8 Bk FEi%E COo, Hi
ST T AR D E A D A b SR R AE AR
it CO, Kb &, JF H AR R s i it Co, Ab3
HFEAREE IR - B 35 5 T8 Co, AbHEdl, 7E
[f— CO, Vi &g ~, Wrifa 3,10 F1 17 d B}, 6 mg « L™

NH; AbFREH A i 2% #hE NH, & & Fl HCO; & =
SR ERET 1 mg - L7 NH; ACFRZH | & AbIA J5 e A7 )
TR CO, FET 1 mg - L7 NH; Zb34H 780
HCO, FETF 1 mg+ L' NH] 4bFH4H

2.1.2 RBEFEHEZH5H PR (FE2) B8 NH;
JTi e BEXTKAR NH, & 524 0.001 K- HA S
T2EE Y, CO, TRt 7 A 7K AR Y AL 22 8 b 15
BIFE 0.001 ZKF-HA G FE L, 838 HAE KA
NH! SR IITE 0.05 K FBAS 25 X,

£ 2 NHj; M CO, S & MEKEE £ RKAKEYEL FIERH AN EE £ 5"

Table 2 Two-factor analysis of variance on the effects of NH; and CO, combined stress on physical and chemical indexes of water body for the

growth of Elodea densa (Planch.) Casp."

KAGFRIY F{E  F value of each index

K+ Sk fit et Lo 2% AV >
Factor .(ﬁ'%ﬂ [EpEEN pH 1 EEEFi ﬂfhﬂﬁ%{i g NH; S HCO; Sk
Dissolved oxygen Electric Oxidation-reduction . . _
] pH value ) . N Salinity NH} content HCO3 content
content conductivity potential 4
A 0.946 0.000 1.874 3.218 1.018 207.156 s 0.016
B 13.140 s 25.578 s 10.015 s 8.203 # 9.344 s 15.569 3 19.580 #
AxB 0.564 0.005 0.034 1.885 0.096 5.786 * 0.027

D'A. NH} B NH; mass concentration; B: CO, ittt CO, flow rate. * : P<0.05; s ; P<0.001.

22 NH;#CO,E6EXMKBEEELERKREMERE
U IEIRAI R

221 KREABFAKFRHEESTHE NSL
PAUKZE AR E (R 3)F,6 MEHA MK

M, fERl— NH; JREWRE T, A K EHE CO,
W TR R R, JF HL 7R 34 CO, FihAb B4l ] 22
S #E(P<0.05), HE, f£F — Co, WiE T,
1 F16 mg - L™ NH}ALBRA A9 A K 22 R/
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AL K ZE Bt s R B (3R 3) A&, hif
3.10 A1 17 d B AR FRA A 4 3R 5 AR L i 2
Fra o d, 9t H 4 DR A E B R RS R
A Bt 2 W st ] 2 < 5L B TG R AR Ak R B HE
[l — NH; Fi& k& T, Wrif 3 d BHK I & (0.4

m® « h™) CO, AbFRAH Ay 28 R & i d e s B3l 10
17 d B 4 A8 AW g B2E i 4 225 B AR BE
& CO, i Thmm TR, fER— CO, i T, g
3,10 F117 d i 6 mg - L™' NH] ZbBRLH 42 5 5
ZAKT 1 mg - L' NH; AbBRAH

£3 NHj #CO, EGMEX KBEHEEKENMHFEESENHIM(XSE) Y
Table 3 Effects of NH and CO, combined stress on growth increment and chlorophyll content of Elodea densa (Planch.) Casp. (X=SE)"

NHj FiEkE/ (mg - L") €O, Wi/ (m® - h7!) KR/ g ARSI 4 2 58/ (mg - ¢7')  Chlorophyll content at different times
NHj mass concentration CO, flow rate Growth increment 0d 3d 10d 17 d
1 0.0 -3.22+0.29a 0.19+0.01a 0.30+0.01b * 0.32+£0.01a* 0.37+£0.03a *
1 0.4 -6.27+0.19b 0.19+0.01a 0.45+0.03a 0.27+0.01b * 0.24+0.02b *
1 1.0 -8.45+1.01¢ 0.19+0.01a 0.32+0.01b * 0.34+0.01a* 0.24+0.01b *
6 0.0 -4.25+0.42a 0.19+0.01a 0.31+0.00a * 0.43+0.03a * 0.46+0.03a *
6 0.4 -6.27+0.52h 0.19+0.01a 0.37+0.08a * 0.41+0.00a * 0.26+0.03b
6 1.0 —8.18+0.53¢ 0.19+0.01a 0.28+0.02a * 0.26+0.01b * 0.17+0.01¢

D EF A FNG F bR R TE R — NHI JH R N ANA] CO, Kb FRZH ] E"Jﬁ%ﬁ%(])<0.05) Different lowercases in the same column indicate the

significant differences ( P<0.05) between different CO, treatment groups under the same NH} mass concentration. * ;

Fon 50 0 d Y25 B

(P<0.05) Representing the significant difference (P<0.05) with O d of stress.

222 KBEREABERF R ZBA TG ILE
A FRAH /K 28 FE BT A AR TS R AN R B S
gEIRILFR 4, MR 4TI, BAARRE, SHMbE 0 d 4
LE, #5 A FRAR ) SR AL B AL ( SOD ) 1 M RS i
(MDA) & AERa 3,10 117 d 8RR, ik
Yyt (POD ) Flidh S AL S ( CAT) I PEEITEI A 3,10
17 d BFEFE . 5HEE(0.0 m® - h™') CO, AL

%4 NHj 1 CO, E&MERTKEE

AL, FER— NH; BUes 2T B 3 d B IR o A
EE(1.0m® - h7') CO, AT 1 SOD 1 POD %
PEWZE T F%, CAT 3 ME i 25 5, MDA % & I ZE AR it
i CO, Kb R TEm i CO, AbIRA Ty ; Jihia
10 A1 17 d B, AR 2 Fl 5 i i CO, Ab 341 SOD |
POD Fl CAT 3 M Sk 3% F 3858 COo, A4, i
MDA i HUEA KT EREE CO, AbHA], FEfRiie

MEAEEFEMA _EL2MPN(XSE) "

Table 4 Effects of NH; and CO, combined stress on antioxidant enzyme activities and malonaldehyde content in Elodea densa (Planch.) Casp.
(X=SE)Y

ANTRI I 1] 8 AL P BAL B 1/ (umol + min™! « mL7h)

Superoxide dismutase activity at different times

0d 3d 10 d 17 d

NH} B/ (mg - L")

+ .
NH} mass concentration

CO, Wit/ (m® - h™')
CO, flow rate

1 0.0 31.38+0.74a 39.56+1.50a * 17.04£0.67¢ * 17.83+0.27h =
1 0.4 31.38+0.74a 32.13+0.71b * 22.00£0.59b * 19.97+0.02b *
1 1.0 31.38+0.74a 13.75+1.35¢ * 28.02+1.60a * 23.09+0.72a *
6 0.0 31.38+0.74a 22.99£1.99a * 22.28+1.00b * 25.91£1.26a*
6 0.4 31.38+0.74a 17.85+1.44b * 31.09+1.41a 24.17+0.69a *
6 1.0 31.38+0.74a 15.76+0.67b * 23.72+0.46b * 24.13+0.14a *

NH; Bk B/ (mg - L") Co, W/ (m® - hh) AN ) ] 85 SR AL DB P/ (ol + min™! - mL™')  Peroxidase activity at different times

NH} mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 11.20+0.36a 23.12+0.12a * 11.21£0.63b 12.03+0.69¢
1 0.4 11.20+0.36a 19.82+0.79b * 16.89+0.56a * 14.88+0.34b *
1 1.0 11.20+0.36a 11.25+1.61c¢ 19.28+1.87a* 21.27+0.48a
6 0.0 11.20+0.36a 24.89+0.49a * 19.17+0.50a * 12.60+0.46b *
6 0.4 11.20+0.36a 17.01+0.61b * 21.03+0.75a * 16.90+1.09a *
6 1.0 11.20£0.36a 18.94+1.02b * 16.28+0.25b * 17.91+0.10a *
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£i3R4 Table 4 ( Continued)

NH; B/ (mg - L") €O, Hif/(m® - h™")

A [ T 4 s 4R A U I P/ (umol - min™! - mL™")

Catalase activity at different times

NH} mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 1.02+0.02a 15.76+1.19hb * 12.77+0.46a * 10.11£0.58b *
1 0.4 1.02+0.02a 19.45+0.13a * 16.20+1.79a * 13.68+0.67a *
1 1.0 1.02+0.02a 18.35+0.35a * 14.80+£0.46a * 15.68+0.14a *
6 0.0 1.02+0.02a 11.92+0.72b * 10.80+1.49a 9.15+0.36¢ *
6 0.4 1.02+0.02a 20.19+1.19a * 11.80+0.94a * 19.22+0.08a *
6 1.0 1.02+0.02a 17.75+0.58a * 8.44+0.32b * 14.46+0.36b *

NH; B/ (mg - L") €O, Hitd/(m® - h™")

AN IR [) (4 7 8 B 2/ (nmol - L71)

Malonaldehyde content at different times

NH} mass concentration CO, flow rate 0d 3d 10 d 17 d
1 0.0 5.32+0.26a 4.23+0.25ab * 4.24+0.25b = 2.24+0.79a *
1 0.4 5.32+0.26a 3.44+0.20Db * 5.40+0.18a 2.91+0.26a *
1 1.0 5.32+0.26a 4.43+0.01a* 4.11+0.31b = 0.93+0.02b *
6 0.0 5.32+0.26a 2.49+0.10b * 6.04+0.03a * 2.77+0.09a *
6 0.4 5.32+0.26a 1.06+0.09¢ * 6.39+0.20a * 2.59+0.16a *
6 1.0 5.32+0.26a 2.83+0.10a * 4.77+0.08b * 0.56+0.12b *

D ES A ENE R R TE R — NHj B E T AFE CO, ZbFRAL ][ 2% 57 .3 (P<0.05) Different lowercases in the same column indicate the

significant differences (P<0.05) between different CO, treatment groups under the same NH} mass concentration. * .

FAREPHA 0 d #9225 3

(P<0.05) Representing the significant difference (P<0.05) with O d of stress.

CO, 7,6 mg - L' NH! ZbF41f SOD il POD 7 P
TERA 3 d BHET 1 mg - L™ NH; AbFEZH | {H7E b0
10 #1117 d IE1E T 1 mg - L7 NH; 434 ; i 78
& CO, F,6 mg - L' NH] 4bF4H %) SOD Al POD
TEMEZEA 3 d IFE T 1 mg - L' NH] ZbFHZH  (HAE
JriE 10 A1 17 d BFEMIET NH; 03R4 ; 78 [/ — CO, i
B HA 3,10 #1117 d B 6 mg « L™ NH; ZbFERZ 1Y
CAT JHPEFI MDA & SR E34EF 1 mg + L7 NH;
AbFEH

2.2.3 KREFHANRM LI EHGILE K48
ZH K 2R B e A A OC Sl TR M R e A R LR 5
5 AL SRR, 58 0 d AH LG, & AL B Y
A ARG A BB (GS) 4% 2 MR & W ( GOGAT) ¥ 14

R 5 NH; # CO, MBIk BER NG X REE EHIFN ( X£SE)

FERE 3,10 F1 17 d B B3 Tk, A 2 R A
(GDH) iGVELEMr A 3 .10 F1 17 d IR R B -1,
5- R #2 AL i ( Rubisco ) T M 7E WriE 3 110 d A
BE TR FEME 17 d B 835 Th &, SRR EF I (CA)
T AR AN TR i ae B (] A AR Ak Al B 2% B AR aE 17 d
BFSEA BRI FRE, SMARE,1 mg« L7 NH; F
R CO, AbHRLLY GS It TH5E CO, A PR,
1 mg+ L' NH, F5iiht CO, A B4 6 mg - L'
NH; F BRI & A i & Co, AbBRA 1) GS ity
RTFEREE CO, Ab3AL 6 W — NH; Fii ik~ IR0
HF e CO, AbFRALHY COGAT I 4 & F M 45
CO, b HE 2H | Rubisco T PEAIK T ¥ 58 CO, 4b 3 4 ;
1 mg - L' NH] FE# & CO, 44 A GDH 5 PEA

Table 5 Effects of NH; and CO, stress on activities of key enzymes in carbon and nitrogen metabolism of Elodea densa (Planch.) Casp.

(X+SE)Y

NH} BisikE/ (mg - L") €O, Wit/ (m® - h™!)

CO, flow rate

N [e s ) g A A P P A PRV A/ (ol + min™! - L)

Glutamine synthetase activity at different times

NHj mass concentration

0d 3d 10d 17 d
1 0.0 19.17£0.45a 27.13+£0.50b * 32.99+0.97a* 35.44+1.66a*
1 0.4 19.17£0.45a 33.08+1.52a* 34.85+2.77a* 30.50+0.75b *
1 1.0 19.17+0.45a 25.90+0.43h * 24.38+2.93h * 38.71+0.81a*
6 0.0 19.17£0.45a 11.05£1.62b * 41.48+2.09a * 36.16+0.88a *
6 0.4 19.17£0.45a 40.38+1.06a * 27.73+£0.74b * 28.86+0.91b *
6 1.0 19.17+0.45a 9.45+0.60b * 27.69+0.82b * 24.59+0.67c *
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4R5 Table 5 ( Continued)
STl T R
NH; FURA S/ (mg - 171 CO, ¥ihk/ (m* - h7") Img{liﬁngif}klﬁktah‘:sﬁﬁaﬁir\%t/y(;tmd?lifer':lltntimesL :
NH} mass concentration CO, flow rate
0d 3d 10d 17d
1 0.0 33.32x1.78a 45.99+1.56ab * 34.26+0.27b 35.89+1.13b
1 0.4 33.32+1.78a 53.72+2.87a* 56.96+2.07a * 46.83+0.95a *
1 1.0 33.32+1.78a 39.27+0.51b * 59.18+6.92a * 48.84+0.09a *
6 0.0 33.32+1.78a 24.22+1.88b* 42.03+3.61a* 36.41+0.73b
6 0.4 33.32x1.78a 30.79+0.28b 48.83+2.50a * 58.93+2.69a *
6 1.0 33.32+1.78a 43.06+2.05a * 38.84+1.40a * 53.34+2.16a *
NG -1
NHG i/ (mg - L71) CO, Hfiht/(m* + h7) Z:Elii;islii%ﬁ;ﬁ{iiﬁéEyu:z’iilff:;?lt tlmtI%‘s )
NH} mass concentration CO, flow rate
0d 3d 10d 17 d

1 0.0 900.56+157.23a 952.59+52.68b 1 023.18+57.31a 909.50+70.33a
1 0.4 900.56+157.23a 1 465.45+81.97a = 1 079.44+39.31a 757.35+40.43ab
1 1.0 900.56+157.23a 695.51+111.15b 527.67+51.80b * 587.38+28.78b *
6 0.0 900.56+157.23a 554.42+57.61b * 1 121.19+38.28a 863.82+26.60a
6 0.4 900.56+157.23a 556.35+29.83b * 855.06+34.47b 775.58+50.90a
6 1.0 900.56+157.23a 773.81+£66.39a 824.32+26.23b 549.27+0.81b *

NH} R/ (mg - L") €O, Wi/ (m® -h7!)

AT B T R AZ R — 1, 5 - — BB AL RS P/ (wmol -

Ribulose-1,5-bisphosphate carboxylase activity at different times

min~

1, L_])

NH} mass concentration CO, flow rate

3d

10d

17 d

0d
1 0.0 297.10+23.67a
1 0.4 297.10+23.67a
1 1.0 297.10+23.67a
6 0.0 297.10+23.67a
6 0.4 297.10+23.67a
6 1.0 297.10+23.67a

399.95+7.99a *
162.61+4.89b
239.30+41.96b *
227.16£10.95a *
249.44+2.69a *
122.36+7.45b =

155.22+7.96a *
173.17+15.04a *
198.07+12.52a *
291.15+21.71a
226.09+9.34b *
226.09+3.67b *

595.21+30.98a *
431.60+14.90b
429.46+20.38b *
514.43+19.96a *
379.47+16.83b *
392.48+52.72b *

NH} BB/ (mg - L)

NH} mass concentration

CO, Wit/ (m® - h™')
CO, flow rate

AT P 16 P g P T B 44/ (ol -

.L*I)

min”!

Carbonic anhydrase activity at different times

0d 3d 10d 17d
1 0.0 134.03+3.48a 229.75+0.70a * 158.40+1.99a * 138.74+3.41a
1 0.4 134.03+3.48a 186.14+2.46b * 117.43+4.85b * 96.19+3.45b *
1 1.0 134.03+3.48a 232.41+9.45a * 157.91+10.07a * 106.13+2.81b =
6 0.0 134.03+3.48a 80.63+10.20b * 167.55+7.69a * 120.49+6.19a
6 0.4 134.03+3.48a 80.85+5.84b * 142.01+5.04b 95.50+2.10b *
6 1.0 134.03+3.48a 124.34+8.14a 130.39+2.55b 124.04+1.08a

O[3 F A )N 524 3R AR AE [l — NHG J

BTV E T AR CO, ZbH4L] )25 5 5.3 ( P<0.05) Different lowercases in the same column indicate the

significant differences (P<0.05) between different CO, treatment groups under the same NH} mass concentration. * :

LR HHE 0 d 25

(P<0.05) Representing the significant difference (P<0.05) with O d of stress.

6 mg - L' NH; FEjifE CO, AbFRLAAY CA {5PEE T
Wi CO, AbPREH | H AR — NH; i ik & IR
FIE i CO, ALFRZH T GDH 1 CA W HE AL, 76
K CO, F,Mhf 3,10 F117 d B ,6 mg « L' NH}
AR Y GS . GOGAT ,GDH Fl CA i M sk FAE T
1 mg - L™" NHj ZbBHZ | 1fii Rubisco 1M & T
1 mg + L™ NH; Ab¥R4 7E i CO, ,WhE 3,10 F
17 d B ,6 mg - L™ NH; 241 GS, Rubisco A1 CA

TEPEEAR FART 1 mg - L7 NH] ZbFEZ i GOGAT
A1 GDH {EPE AR L& T 1 mg + L7 NH; AbFEAH
224 REEFEHSMN LR (FE6) BN NH]
R XK 255 CA J6 PE R R 7E 0.01 /K F-EA
Giita i L, CO, Jit i WK 2 B AE K & FT GOGAT (i
AR IR 2 HIAE 0.001 1 0.05 K- HA G245 &
:%A?CEVEFHXWKZEEiﬁ%ﬂ]ﬁz}iiﬂdﬁ1%E"JE:}
TP o WA R =84
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%6 NH; 1 CO, B KkEEEKER A ENIERF MBI EZH £ 54"

Table 6 Two-factor analysis of variance on the effects of NH; and CO, stress on growth increment and physiological and biochemical indexes of

Elodea densa (Planch.) Casp."

I8P F{H  F value of each index

A7 SEAL YA B |
Factor i gt DRI g g meammye (TR
. . Superoxide dismutase . . . Malonaldehyde
Growth increment Chlorophyll content .. Peroxidase activity Catalase activity
activity content
A 0.313 0.242 0.010 1.265 0.052 2.197
B 33.547 1.829 0.158 1.254 0.287 0.513
AxB 0.749 1.054 0.055 0.870 0.052 0.992
BAGPR FAH  F value of each index
Flﬂ¥ WRABMSREERE  AERAGEHGE  AERRMERHEE -1, 5- T BEROR LR T T R I IS 1
actor Glutamine synthetase  Glutamate synthase Glutamate Ribulose-1,5-bisphosphate Carbonic anhydrase
activity activity dehydrogenase activity carboxylase activity activity
A 2.399 0.371 2.178 0.612 9.009
B 1.072 3.890 * 0.985 1.347 1.409
AxB 2.648 0.131 2.051 0.261 0.261

DA, NHZ Joiginyid5a NH:{ mass concentration; B; CO, R EA CO, flow rate. * ; P<0.05; *x ; P<0.0l; #** . P<0.001.

309 i

3.1 NH, #1 CO, EGMEXMKEEERKKENR
i 411, )

W B, KA CO, He B T al $2 i K AR A=
ARG AW vl F IS ALK 19 7K, BEAK K AR /9 pH
(B KR BRA ; 17 7K A R Ak 23 5 Wi 7K v A= 40 g 7
WA FHARD AR, SO K T A g SR s e, O aE
UG NI e R 57 A ) NS IR S S AN R =R e
WL A Y 45 R Rl AR (0.4
m® - h™) FEHE(1.0m® - h™')COo, Ji, KzEHA K
TR B il S B B A pHL (B S 3 T B T KA 1 L R
AR AL FhE NH, &HAHCO; SREZ D
FFHE, 9F H COo, XK Bk 7 A FEAL 2R TS
FRIFEMEITE 0.001 /K HA G248 X, i
A CO, J& ,/KHH) HCO; & W& T, S /K AR iR
Ak, B IHEN CO, ¥ BE Tt M T BUR K AR R 1k 2 5 3K
IKE R AR R A i R SRR S L R DL
NH; 1 HCO; & kA2 ny F 25 A,

3.2 NH; 1 CO, EEMBXM/KEEEKFMEEK
5t R I AL Fl

NH; AP A W EZ I 2 —, Had &k
J NH; nlRES S P A K2l . AR#F5EH, K
ZEE A ERKEAE 1 M6 mg - LT'NH] FiRifkE NN
FUE, UL K 2 5 1 AR K Z B, R AR S

Su %P0 R B MK B M I S A R A, AR
AP, NH, BRI CO, Tt iy, K3 0 A
AR 22 | 5L 2 AR A AR B R A 25, H [
— CO, Wi N 1 A1 6 mg - L™ NH; Ab 3 £ 7] it /K 25
AR 22 AN T A — NHG R R
I CO, AMBRZ Ay /K 28 7 K 1 LT 3P
Bi CO, b4, I H., CO, i Xt /K 25 A K 3
M ZE 0.001 K FHA G4 L, 456 CO, Wik
& pH (BT HCO; 7 B2 7E 0.001 K F-EA 5T
SRR CO, WREE TR 5 20 K AR R K 7T fig 2
T A 28 5 A K F R R, L R AR KT
NH; B e

& 25 1 AR Ak O] B 4 R R A 1 ) A A
R, MR RS ERARE, B O A AR T T R,
FER AR ZEME T AR 4 N E A
TE Qb FRZF K 25 ) S 2R B ek S4B 3 [ S K
BT R G BRI AR fb a3 456 /K4 NH; T HCO;
SRl ULBHTEE A CO, AY—E I E] P, 7K i i
() HCO; 92, il A S S fift NH, X 7K 25 75 10 B 4L
N, HESROK 2 B A AR D) R TR ZE AR K H R
Fiip 3 FF TR O FE K, 7K B HCO; Mk B2 | Bl K 4k
A B A A ™, AT 9 i 7K 28 5 1 5 B BB ) R A
A,

ALY B AL B (SOD) | AL Y (POD ) FI
i AL A (CAT) ¥ Ht ARG, 7 535 B 76 1
B pyiE M (ROS) P BRI S, 4 N E S
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Fiip 36t A B 7K 26 Y SOD Al POD & PEFERE 3 d B
BEMRTHE0.0m® - h™') CO, LbBHA FEMHE 10
17 d B2 THEE Co, AbBR 4 NE S
AL K 25 CAT G HEFEMM A 3.10,17 d B & F
W CO, AbBRA , UEBITE NH; BrE R, 8 A CO, %)
WIRE % 2% it N, X /K 28 75 (%) e 360 1 L, 8K 1 Bl
CO, Hrem A, K Y HCO; AW 2 gl T NH;
XK BRI A RN, AR R YRR T
FREE CO, BT, HAK NG ROS A i
XA A i CO, AbFRH /K 28 B i A AL
A AR TFIE & O, AbFRLl A EZR A, N
% (MDA ) 7 35t A8 £k ] 3 BH RS g ot oo 40 fh AR 3 [l 4
J WS 2R G I RE BE R A P v g
B, ARRIFLYIAR N A MDA 55 255 CO, e & AR 1k ) i
RS2 FEAHTE NH B R, R CO,
AEFRA F /K 2R MDA & s 7EMNE 3 d B B KT 3R
B CO, AbFRA  MAEMMA 10 A1 17 d BEEAR 5 T 3R
BE CO, AbBRA PR A CO, —ERTIE] P, IR
CO, BENEHH I8/ NH; W3t XK 2 4 5 R
B AR A B (GS) /A AR A HE (GOGAT) 7
R IRFE L NH, B EE&4%E, B GS Al GOGAT
HEAL T A SR B AR ( GDH) R AR ) 14 Rl 4k
NH; AT 3, EEARH GDH AR /R, #F
FE2W . GS/GOGAT 1 M 7E A8 W) 19 AE A= Py iy 38 v &
FEPEATVEF ' i GDH AR IATERE A4 f Bk NH, 75
EdmPAEAREMEATY . BB E, R —
NH; Jipae I 30 2 A 3 & CO, A 34l /K 28 7 1Y
GS .GOGAT 1 GDH {EPETEMNE 3 d B & T 345% CO,
LRI TGS, GDH FAZEAbE -1, 5 - e 32 1L iy
( Rubisco ) I PEFERRE 10 #1117 d BHIKF 5L CO, 4
R, ULEAIEA CO, J& , /K 2R RERE P o A ik
R R SE, i NH; [ A AC i R | A 2 7K 2 B %)
NH; AW, H B 38 B[R] A A4, 7K g NH AT
HCO; AW R e 20T A 7% G S i P e
i, S ZCBHAS T /K ZE 30X NH; M, st &8, Ut
IS Y B B R 16T ( CA ) BERS K5 HCO; 544k
CO, AIH,07  MAKAE 7EF— NH; P T K5
wHHE L E CO, AFRLI/KZT R CA TEPETEMM A 10
17 d i B EETEREE CO, AbFRL . T RS I in
) 47282 , K 28 AR P Y CA & 2B A0 T i R i, 3K
i CA 1M T, i & T BOUK 28 5 BRI K- R

B, URZR T 250 A 45 A 7 NHY T o ok B XK
D CA WEPERSE I LE 0.01 /K BA G245 X, T
CO, WM KZ B GOGAT 1 V(952 M 7E 0.05 /K F
HA G478 X, —H AR K 25 5456 bR 1 5%
AN EA Gt X, UKk NH; f1 cOo, B &
JBir i BEASAIE i#E /K 28 FO6 K AR v HCOS 1 NH; A Il
FIH .
33 &g

LR, M CO, Wi it Tk, I K R i
HCO; 42 fif NH; Wra N UTKAR P 7K 25 5 i A
A, T2 i NH, 7K 250 % ) 75 F AR (LR 2
JEB ] A B S R E K TR Y HCO; Bk % 33k
KR TRAL, B &R T NH % 7K 268 55 00 55 3 500
IEAh 78 NH; B RN 1 f1 6 mg - L7, NH;
CO, S HAEFTEM A 3 d B ek K 28 F A K (E7E B
10 A 17 d BFEUINE T K 2 R Az 0 E R, B
CO, T S 2 K AR TR b X 7K 28 55 A K 1) B 5 R0
KT NH;,
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