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Effects of Intermittent Flooding and Ammonia Nitrogen Stress on
Morphology and Physiology of Excoecaria cochinchinensis, Nerium
oleander, Fagraea ceilanica
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Abstract: In order to deepen the understanding of the tolerance of Excoecaria cochinchinensis, Nerium oleander and
Fagraea ceilanica to intermittent flooding and high concentration of ammonia nitrogen, an intermittent flooding
cultivation experiment was conducted with six aqueous solutions of ammonia nitrogen concentration (0, 0.5, 7.5, 14.5,
21.5, 28.5 mg/L). After 90 days of continuous test, the morphological and physiological indexes of the three plants were
determined, aimed to provide theoretical references for the application of the three plants in rain garden, subsurface flow
wetland, intermittent flooded green space and other environments. The results showed that: (1) Compared with the soil
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culture control, under intermittent flooding, all three plants showed adaptive changes in enhancing oxygen delivery to
the roots, such as enlarged stem base lenticels and adventitious root formation, and significantly promoted the height
growth of N. oleander. However, the growth rate of E. cochinchinensis and F. ceilanica was slowed down due to the
influence of flooding; (2) Under the interaction of intermittent flooding and ammonia nitrogen, the plant height of N.
oleander increased with the increase of ammonia nitrogen concentration, while the plant height growth of E.
cochinchinensis and F. ceilanica was significantly inhibited after the ammonia nitrogen reaching 14.5 mg/L, and when
the ammonia nitrogen was 21.5 mg/L, the leaves of E. cochinchinensis appeared symptoms such as reduced leaf area and
green loss; (3) Intermittent flooding had no significant effect on the activities of antioxidant enzymes and the contents of
chlorophyll, malondialdehyde (MDA), free proline (Pro) and soluble protein (SP) of the three plants. On the 60th days,
the activities of antioxidant enzymes, free proline and soluble protein of the three plants fluctuated to some extent, but
on the 90th day, each index had little difference compared with soil culture; (4) Under the interaction of intermittent
flooding and ammonia nitrogen, on the 90th day, N. oleander could recover to the normal level even when the ammonia
nitrogen was 28.5 mg/L. After the ammonia nitrogen was 14.5 mg/L, E. cochinchinensis and F. ceilanica tended to
produce more antioxidant enzymes, MDA and free proline, less soluble protein, with obvious physiological disorders. It
could be seen that N. oleander showed active morphological adaptation and strong resistance in the aqueous solution
with ammonia nitrogen concentration of 0-28.5 mg/L, and could grow in a certain length of time and intermittent
flooding environment. Although E. cochinchinensis and F. ceilanica also showed strong adaptability, the tolerance to
ammonia nitrogen was weaker than that of N. oleander, and they only grew well in the range of 0-14.5 mg/L ammonia
nitrogen concentration aqueous solution. Therefore, the three plants could be used in the intermittent flooded green
space, and N. oleander has strong adaptability to high concentration ammonia nitrogen water environment.
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Tab. 1 The selected plants

L7} hr T4 PR
Plant Latin name Plant height/cm
FAN-§ S Excoecaria cochinchinensis 21.6%1.1
STk Nerium ol eander 47.1%1.7
YR Fagraea ceilanica 28.1+1.2
1.2 FHiE
1.2.1 RE%t [a) B KB A I IR 5 25 IR
KN 31, WHRKEN 25 em, SHRKEN

1 cm, 25 RGO T 7K 2 3% IR B A 3~4 min, HE
2B 6 min 247, [HIERHEK T iR E 6 2 A
W (ANp~ANs) , XTI AWE 3510 0,
0.5. 7.5, 14.5. 21.5. 28.5 mg/L, FrHIm B3k
b E B RER S 10 5B (£ 2) o Eadm
B SRS A I A PR e ok 1A R MR . TR A
PR RO IR (CK) , FFH 3 R+,
A N T AR K 3855 7K & ok H RIFRFK = 75%
ki, BAbFE 3 AT,

R2 BEWERZIEFEET

Tab. 2 Hoagland nutrient solution formula before dilution

H L Nutrient salts #e B Concentration/(mg-L™")

K,SO,4 607.00
NaH,PO4 115.00
MgSO4-7TH,O 493.00
Fe-EDTA 20.00
FeSO4 7H,0 2.86
H;BO, 4.50
MnSO, 2.13
CuSO4-5H,0 0.05
ZnS0O4 TH,O 0.22
H,Mo0O-2H,0 0.02
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20 cm FEAT, BREAARME 1 AR, AIEKIEKALBRAY 2
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F A (SP) & il R A% s il G-250 Yetayk;
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W HAME], 3 FhAEY) AN, 419 MDA & &
B[] g 388 2 e T I B R 3 e &3 m /N CK
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Tab. 3 Plant height and morphological changes after 60 days of experiment

i b Pk 5 Plant height/cm e %%%.Ajffixﬁffﬁ I e
Plant Treatment o0d 30d 60 d Stem base bxgl';g‘r]e\zgﬁzig Srt(fg:s Blade
AR 2 =1 CK 25.45+2.76" 30.52+1.45° 38.45+1.81% iE w5 IE#
AN, 23.52+1.87° 30.81+0.75 39.66+1.58" T OB A H 7L 2 EH

AN, 28.87+1.28° 31.24+0.88" 41.30£1.02% T B A 2 FL £ EH

AN, 24.3241.42° 34.34£0.63" 43.86+0.96" IR g 7L 2 EH

AN; 25.63+1.17° 29.57+1.10° 38.84+1.49" T LA S Jz 7L 1 1E 3

AN, 25.12+1.27° 30.90+0.82° 37.17+1.50° I AT K 1z 7L 2 RS

AN; 25.2140.62° 30.89+1.68" 36.23%1.45¢ I I Kz 7L B P

etk CK 49.56£1.61° 59.60+1.41° 71.33£1.57° T i EH
AN 49.35+1.62° 60.10£1.52° 73.77£1.62¢ T LA S Jz 7L B EH

AN, 50.25+1.38° 64.45£0.96° 77.78+1.25% T LA S Jz 7L 2 1EH

AN, 49.57+2.36" 63.52+1.04* 79.69+2.80 IF B K Bz AL = IEH

AN; 49.96+0.65° 64.19+1.92° 83.67+1.49" I I K 7 7L B E

AN, 50.11=1.50° 64.42+0.57" 86.45+£1.61° I I K 7 7L B E

AN; 48.37+0.66" 66.26+1.34" 89.67+1.41° A N & EH

JEH CK 29.37+1.02° 31.59+1.76™ 35.41£1.18"¢ R & E#
AN, 30.14+0.57° 32.73+0.32% 36.47+1.42% I 1B A H FL Pt EH

AN, 30.57+0.76* 33.66+0.47* 38.06+1.97" IE R K Bz AL = IEH

AN, 30.82+1.46° 32.67£0.97* 37.33£1.19% T I e g 7L B2 EH#

AN; 29.27+1.54° 30.71+1.86™ 34.23+1.56™ I B A H FL P E%

ANy 28.37+0.56" 29.21+1.47° 32.07+0.81° TE O e 12 7L 2 EH

AN 28.93+1.16" 29.88+1.09" 31.84+2.22° IE R K Bz AL = IEH

e RAEEEEAR/NG PRS2 5 B2 (P<0.05) .

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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B1 #EAkRESEHER 3 HEYHFESEMNFM
Fig. 1 Effects of flooding and ammonia nitrogen stress on three plant chlorophyll content
2 L0 i [10d E30d [H60d
mg 0.8 -
gg 0.6 . 2 L2
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02 FEE ¢ 5 FmEFE = [CEE ’*@ = R
é 0 ﬁ% ﬁ% ﬁﬁ ﬁ%ﬂ W MH FIEE
CK AN, AN, AN, AN, AN, AN;
= AP Treatment
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S 06f a
%‘E 04} 2 ¢ a a 72 abca aa abca a2 amE
T 8 02 - - g K PR Bl T R
< Ol ~ - ~ - ~ :-:-: - ]l o IR
o L . . . B . = . = . _
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o AbF Treatment
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e 08 £od B30d H60d
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%E 0.6
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R Ml B B a7 O o e | B |
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Fig. 2 Effects of flooding and ammonia nitrogen stress on three plant malondialdehyde content in plants
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Different lowercase letters indicate significant difference among treatments (P<0.05).
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24 BARERIEIEDENHEEER M
241 HBARERERMHY SOD FHEHw Ik
B A, 3 FRAEY ANo 211 SOD Jfi P B A 7] () 3%
ATt m e TRk Wi T CK 4, &5 CK
HEFAK, AN~ANs HZZ A SOD
WA EREZER (K 4), 30 d B, 3 FiiEd
AN|~AN;s 2114 SOD 1 4 bl 28 0k B2 138 i 34 i

LT, H7E ANs Ak 3l KM, Hdde sk
(B R 5 F o 73% 050 60 KB, 4T 1% H: AN|~AN;
. FeATHE AN~ANs 41, KA AN~AN, 411
SOD {EMEFF IR TR, HoderThk ANs Ay TR
IR Fec KR 28%; AL TS HE ANG~ANs 41, KA
AN3;~ANs 41 ) SOD JH PR BT, HIIFE AN;
WL B KAE, 5300845 BRI CK 19 2.38 £ .
1.66 £i%5 .

x4 WHBHEEAEY SOD FHEWL
Tab. 4 Changes of SOD activity of plants in each group during the test U/g

54 Plant AL Treatment

0d

30d

60 d

ke CK 653.53+15.99°
AN, 651.33+10.08"
AN, 650.18+27.77°
AN, 652.34+15.89
AN; 654.19+15.45°
AN, 658.86+19.24"
AN; 659.55+6.66°

FATHE CK 410.72+1.79°
AN, 416.38+17.77°
AN, 413.37+5.81°
AN, 411.14+6.22°
AN; 410.82+5.10°
AN, 418.90+11.53°
AN; 419.97+10.57°

KA CK 536.18+9.02°
AN, 530.22+11.96°
AN, 535.83+9.93°
AN, 532.58+7.15°
AN; 533.73+1.57°
AN, 538.19+5.11°
AN; 538.55+3.32°

684.36+11.23°
698.79+27.16%
776.44+36.87°%
868.47+94.51%¢
931.96+70.07%°
1016.91£92.97*
1052.05+98.22°
454.43+17.86°
455.72+42.94°
481.16+20.78¢
559.86+32.52°
598.68+33.06*
658.11+36.93%
727.79+25.27°
608.28+8.19¢
611.22421.23%
630.3429.71°¢

674.20+13.88%>4

722.63+15.89*
754.70+£59.59%
743.81£99.93°

668.52+14.35¢
652.92+41.51°
718.17+75.45%
804.48+44.56
902.14+26.99°
1447.54+78.47°
1590.32+66.20°
427.60+2.52°
428.36+6.41°
451.74+16.62%
509.69+11.49™
501.42+62.81%
516.03+11.95%
523.86+71.07°
566.18+24.85°
567.81+42.79°
567.33+50.24°
630.63+37.35°
838.70+22.35°
942.41+84.12%
980.61+31.31°

P<0.05

Note: Different lowercase letters after the same column of data indicate significant difference (/<0.05).

242 HARERZRAHEY POD FH&GHw ik
IRATE], 3 FPAEY) ANp 4119 POD I M RE A (1] 114 154
STt e T BERS Z W T CK 41, |45 CK
HERAR, AN~ANs HZ A AR POD i
PEAFAE i 38 2 5 3 5).30 B, 3 FhAE Y AN ~AN;
2019 POD T PR 2 AR BE 3G 34 38 B, A
BITE ANs 2R Bl me KM, Hh Je Prpk i3 s i K
K 65%. 60 d B, ZIF5H: AN~ANs 4 | JefThk
AN ~ANs 4 . JK#i AN|~AN, 411 POD i T 14
TR, AP I TR ANs 45T R i KON 29%

ML T H: AN~ANs 41 JKAT AN3~ANs 4111 SOD
TEPEMRIR ETF, HILE ANs ik 3R, 205
J45 A R CK Y 2.78 £i% . 1.90 i,

243 ®ARBRARIMNHY APX Frey#a
Y], 3 FRAEY ANg ZLA0 APX §i P B A ] By 33
STt @ e T RERf S E T CK 41, 45 CK
HERAKR, AN~ANs HZZAABIH 0 APX T
AR EZES (£ 6) . 30 d B, 3 FifEd
AN ~AN;s 41117 APX I P4 Bl 2 0k 1 3 2 i
F LT, HIE ANs b3l RME, Hd ek
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Tab. 5 Changes of POD activity of plants in each group during test Ul/g
TH%) Plant b P Treatment 0d 30d 60 d

AN 255 CK 142.83+3.09° 153.99+24.10¢ 141.49+11.40°
AN, 146.16+1.94° 163.91+1.42° 147.68+6.44%
AN, 147.33+0.71* 182.91+6.59% 166.97+7.68°
AN, 146.16+2.34° 195.55+20.28% 185.77+16.27%
AN, 143.50+1.45° 209.34+25.92% 202.84+31.99°
AN, 146.58+1.75° 227.68+18.80° 321.16+12.87°
AN; 143.33+1.20° 236.17+14.69" 393.49+15.13°

Je AT Hk CK 206.46+3.15° 222.24+7.63% 228.33+10.18*
AN, 203.62+3.50° 213.86+17.55° 207.41+16.49°
AN, 209.45+1.62° 237.61+10.75% 219.62+1.31°
AN, 203.15+4.03° 254.16+12.82¢¢ 228.25+24.00°
AN, 209.07+4.23° 273.32£15.21% 230.49+6.47°
AN, 201.39+6.54° 292.13+6.35° 231.16+18.41°
AN; 207.13+3.93° 333.77+19.69° 237.06+34.34°

TRAFI CK 157.00+1.97* 162.86+4.94¢ 161.26+8.75°
AN, 156.88+3.38" 169.14+22.79% 162.31+£10.27¢
AN, 153.89+1.69° 172.71+3.08% 155.16+9.21°
AN, 158.15+5.19° 194.85+8.38" 177.87+18.48°
AN; 155.08+2.42% 208.63+4.41% 232.06+21.62°
AN, 156.76+1.52° 221.99+15.82% 264.51+22.39%
AN; 156.94+3.73° 236.54+14.08" 305.62+22.17

P<0.05

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).

* 6 RIGHIEIRAE APX BT

Tab.6 Changes of APX activity in each group during test Ulg
%) Plant AP Treatment 0d 30d 60 d
AR5 CK 65.36+2.95" 73.96+3.84° 62.07+3.25¢
AN, 61.41+1.17° 79.48+2.99% 63.13+4.87¢
AN, 62.35+1.09* 91.47+4.64™ 78.84+7.20%
AN, 64.74+2.43° 99.45+7.53° 89.34+11.15%
AN; 65.32+1.62° 101.25+5.45° 97.68+8.75%
AN, 62.54+1.18" 102.38+7.71° 125.66+14.63%
AN 61.21+0.84° 103.25+8.85" 136.66+21.80°
Je ATk CK 42244223 58.36+1.93¢ 45.66+2.35"
AN, 43.3242.25° 61.26+9.09¢ 47.32+5.36"
AN, 41.47+1.68" 63.19+2.79%4 53.37+4.62%
AN, 42.68+2.14° 69.21+6.47°4 54.42+5.27%
AN; 43.72+1.76" 75.36+6.57" 55.20+3.70
AN, 44.26+2.18" 81.43+1.62% 58.22+5.22%
ANj 45.41+2.40° 94.69+5.95° 61.13+6.97°
KA CK 31.15+1.68° 32.13+1.43° 33.66+2.28°
AN 31.32+1.37° 38.97+6.70% 35.01+8.63°
AN, 32.12+0.73° 39.41+3.50% 34.88+3.97°
AN, 34.83+2.18° 46.61+2.46% 44.3245.54°
AN; 33.94+3.36" 50.32+4.43% 64.34+6.35°
AN, 32.02+0.96" 51.03+8.10™ 69.22+3.34™
AN; 33.62+2.84° 54.51+6.44° 78.4743.98°

P<0.05

Note: Different lowercase letters after the same column of data indicate signific difference (P<0.05).
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4 IR R A 109%., 60 d i, 2095k AN~AN;
2H Tk AN~ANs 4 JKFT AN ~AN, 41 APX
TWEHETF AR N, o Je AT Bk ANs 410 B iR B 4
KN 54%; ML 5 H: AN4~ANs 4 . JKF] AN3~AN;
g APX EPEMRIR LTF, HINTE ANs Hik 3
KAE, Frk4 A R CK 1y 2.02 4%, 2.33 £,
25 BAEREEIEWESERATY RO

251 ®ABRRARMNHY SP AEdFHn Wk
W], 3 FPREA AN 41 SP 5 5t B i [R] (4 34 i 1
THEB KT CK 4, {3 ANoZHAY SP & 1 Bl
R E/NT AN|~ANs 2H, AN;~ANs 422 %A
M5 SP FitfAfE R E 25 (KR 7) o 30dHT,
LT RERKAT AN ~ANs 411 SP & R H A
WRBE BB T, 7 ANs Ak B K(E, 4
4> 3R 56% . 66%. 60 d I, £I79H: AN4~ANs;
2. JKF] ANs~ANs 411 SP F g Fin FRE, FHorp
JKF] ANs I N REIREE R KR 51%; MLl E
AN~AN;. JK#] AN~AN, i) SP & HHAR SR 1Tt
B b TR 2, AT AN, 21 TR ok,
HWEA 17%0 JeATBEAE A B A H] AN ~AN;
21 SP Fr i P4 Bl 2 S0V B A 1G4 4 2 (R

30~60 d I i BE B 8/ . 60 d B H: SP & i 7E
ANs 4k Bl R ME, RHFEM CK 1 1.51 £,
252 HBARAERRZM Pro W ¥Hoh R
6], 3 FhAEHY ANo ZH14 Pro 2 & 1a] 19 48 hin 2
THE RIS W T CK 4, &4 5 CK 425
AK, AN|~ANs 432 Z A M0 Pro % HEAF1E 1
FHEF (F£8) ., 3040, 3FHEY AN~AN;s 4]
) Pro & REBEA ARG N W E B, HYY
TE ANs IR B e KA, Horp I Prpk nd 38 i i K oh
60%. 60d Hf, ZLiFH: AN~AN; 4. A7k
AN |~ANs 4 JKFi AN ;~AN, 4014 Pro &= IFIE T
R, HAse Bk ANs 410 FRIR B e R 40%;
ML FE ANG~ANs 41, JKA] AN3~ANs 211 APX
TEPERRIR ETF, HIME ANs ik mRE, 2059
J4% AR CK 1 1.78 £, 2.19 fi%.

3 it
PSR RS B, HE S
FET s, AT,
3 RIS RO, RAWIBKETL,
SR AR R B N RO

x7 REHEREAEYATAEEESENTN
Tab. 7 Changes in SP content of plants in each group during test mg/g

%) Plant AL Treatment

0d

30d 60 d

AN L35

Je Ak

%t

CK
AN,
AN,
AN,
AN;
AN,
AN;

CK
AN,
AN,
AN,
ANj;
AN,
AN;

CK
AN,
AN,
AN,
ANj;
ANy
AN;

153.27+£5.59°
142.08+13.52°
141.13+£6.79*
144.42+14.59°
148.13+£3.15%
153.69+8.82°
144.24+12.94*
115.57£1.41°
116.20£1.58°
111.18+8.91°
114.29+2.80"
117.3248.95%
110.42+8.52%
110.94+14.60°
109.49+1.81°
107.51£1.21°
109.99+10.39*
106.74+10.14°
104.18+4.81*"
108.29+1.50*
105.66£1.17°

158.48+1.96°
164.02+9.71°
163.7743.15°
181.35+6.91%
198.83+14.34%
222.32+19.21°
224.8249.12°
121.68+6.96"
129.35+6.81¢
138.74+5.325¢
146.39+7.65™°
156.53+9.10™
161.58+18.28%
167.86+5.93°
121.14+4.95°
128.17+18.11%
132.84+4.46°%
143.34+6.07%
153.44+6.61%
165.56+1.68™
175.69+8.39°

160.17+4.149
174.56+13.13%
176.41+7.43%4
198.39+5.85"°
212.29+13.44%
206.50+6.62°
201.70+16.18°
129.76+7.46°
133.1148.50°
148.68+23.56"
162.54+16.21%°
177.72+36.41%°
182.09+23.16"
196.09+19.33°
128.58+5.89"
131.05+13.24°
155.62+9.74°
158.45+5.67°
109.45+3.27%
94.00+2.45%
85.98+10.55¢

£<0.05

Note: Different lowercase letters after the same column of data indicate significant difference (A<0.05).
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Tab. 8 Changes in Pro content of plants in each group during the test mg/g
TH%) Plant b P Treatment 30d 60 d
27 5 CK 153.38+4.21° 168.32+4.95° 157.6+4.68¢
AN, 158.27+21.72° 172.82+7.34° 155.94+9.03¢
AN, 153.27+18.82° 176.94+4.98% 164.12+9.87%
AN, 155.11+18.82° 186.78+4.98% 174.63+9.87%
AN; 149.88+3.58" 197.44+21.56™ 188.77+14.28°
AN, 148.49+5.10° 208.14+£21.01* 233.65+1.45°
ANj 153.94+12.99° 221.48+34.03° 279.94+23.75°
SJe ik CK 218.83+7.49° 232.38+6.75° 219.78+7.34°
AN 216.77+1.57° 256.61+2.30% 213.24+7.38°
AN, 218.1149.95° 282.57+15.84% 251.76+19.53°
AN, 218.50+6.33° 295.59+15.07° 242.25+14.83"
AN; 215.55+2.57° 310.27+16.01% 237.83+9.44°
AN, 217.22+11.30° 338.47+21.55% 222.44427 .49
AN; 217.88+12.59° 349.56+20.29° 211.37+8.95°
KHi CK 48.32+1.39° 53.75+11.92° 45.50+1.77
AN, 48.18+2.60" 55.62+8.86" 42.76+2.01¢
AN, 48.49+1.44° 59.68+5.96" 53.49+8.31%¢
AN, 49.20+1.61° 63.79+0.70° 58.81+7.49°
AN; 48.15+0.37" 64.50+1.78" 82.02+6.27°
AN, 48.18+1.43° 68.62+2.74° 91.22+2.70%
AN; 48.05+1.16° 71.29+14.56 99.87+5.93°
P<0.05

Note: Different lowercase letters after the same column of data indicate significant difference (/<0.05).

PR 22 St -2 AR P BBk iRl > | 2
B b 2040 ROS W, 5 — B AT
Y5 ROS P, dEi AR SRR, HAE
e Bkt A AR ZA M EAE T, IRewn, &
A RESEAE N — Rl R RS R A4 KU, 3 Fh
b e A R R 2R R X S
Bifi % 2 R BE B3I, e A Bk IR 38 To AT A 32 3
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4i4E ROS IRPE#1, M 23k SOD. POD,
APX WM LT, GEff 1 B A A 05 5
45 3 el Mo 0 B 35 I (B R K A5, X 5 %]
ST GEE— 80, (B ] B /KRN 20 /U a0 7Y
HAET, JeATBERME7E AL 28.5 mg/L i), 4K
SRATDALERE H S PUEALEE RGP . MDA &t
REZ WA, (A JCTE PR S IE % /K F, % MDA
F - it 300 FEE R Ak R i) ) 35 g 3 O, g
IWHEMKFER AL 21.5mg/L 5, HPIEN
ROS KAy, EMHEESREME, SOD. POD. APX
WEMERELE BT AR B T UL B B ROS 113
EEA I ROS MG B BE, K MDA & i R4
T FrUERE AW T, 20 AR
N2 5 B ROS, ROS B4 HER EH Y
i, T3 MDA FERETHE . MYIENIUA
AT 22 29 J 30T PN Tk 3k BT A

4 Lig

Al K T, AR -2 AR RE (e HEix 3 b
el AR ) 25 S IR B AL, AN E RS Il R
T A B A R A g A R R, (AR BILR
PRI o (R K A A R BEAE T,
ZLVT R N A 52 o TR JEE 24 R0 52 T 3 B30 K
9, WA Rsk, AEURIRAFIEWIRL s ik AT
BT FRER, A4 IR AR RER S 3 1E 5 7K
o L, FEXTIX 3 Al MO A BEAT IR,
% JEAE IR BT B XA N TR ] K S
25 r i G SR B DXICHE AT IO A B[] A A
PIRT ER L K PR IE 2 2 % 2 N R R,
AR T IR AR, N A TR BRI K SR AT
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