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L. 6 #iE4biE
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Fig. 1 Change in cumulate germination rate of Z. marina

seeds exposed to different dissolved oxygen levels

2.1.2 AR MFHELBLFRG.2 mg L)
AbFRLH (- 35 1 e D L K ZE S BORNG 7 48 #k ) ik 3
BRAE, E T HALA B (P<<0.05, W% D, It
Ah ARAEANIRZE (2 A1 4 mg « LD 3 N8 R I8HRE
EE TR IRA , S E AL R (10 mg « L™K ZEHE
B 2 TR BB (P<<0. 05) LA g & 4847 5 % R4
EZRAREEP>0.05),

x1 FEBHBSKEMNEEMFHE LSRN
20 (FHE L FREZE)
Table 1 Effects of different dissolved oxygen levels on

germination indexes of Z. marina seeds(mean= SD)

Vi i S R & BH Gl
/(mg+ L™H i /d 15FRY fes®
2 28.84-0.5"  35.040.5"  193.443.0°
4 27.640.6" 32.140.6" 169.942.9"
6 26.840.4"  25.440.5° 149,642, 9"
8 26.740.8"  28.9£0.1° 162.8%£0.5°
10 26.340.3"  31.140.3" 161.9+1.6°

TE AN E)/ING 2 1E 3R [F] — 8 bR 41 TB) 47 7 1 35 22 5 (P <<0. 05), R [,
Different lowercase letters indicate significant differences among treat-
ments in the same index (P <C0.05). The same as below. (D Dissolved
oxygen level; @Mean time of germination; @ Germination index; @Vi-

tality index.
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Fig. 3 Effects of different dissolved oxygen levels on survival

rate and establishment rate of Z. marina seedlings (mean==SD)

2.3.2 HWAF ALK m3k 2 Pin, &4t 50 d B H
2mge L ' AbHEIA R KIS B e KE, 8% & F
6 mg+ L " XTRRL (P <C0.05); fiF 7 1 &2 S 50 4E
2mg- L ' AMBA SX A Z M IEH B 2R (P>
0.05),

23.3 6% 4% MHBRETEAE 2mg L
AFRAH S AR TSR R b S AL R SR R,
350 R i B A Y 75. 9% Al 88.2% (P <C0.05); M 4%

=

A BRFR BRI SR CF- B AR EZS)

physiological indexes of Z. marina seeds (mean=SD)

Za/b WETE 2 mg » L A4 K 25 KAE, 2 X IR
HAY 1.2M%5:/H 2 mg « L' ZbFRAHAEE N ESH

EX IR TC 83 22 57 (P=>0. 09) 11 L3R 3,
2 AEABBEKFEEETEEIEH
ERKIERNTL (FHELIREE)
Table 2 The change in gowth indexes of Z. marina seedlings

exposed to different dissolved oxygen levels (mean=SD)

WREUKTY BRis® REY 259K gk R
/(mg+L " /em /cm /cm /cm /em
2 5.540.7" 2.0£1.0" 0.140.0 1.240.2 3.840.6
4 5.340.9" 1.741.0%0.1£0.0 1.240.1 4.140.5
6 5.94-0.5" 1.340.7" 0.14£0.0 1.2+0.1 4.0£0.7
5.740.8% 1.640.9°0.140.0 1.1£0.2 4.240.7
10 5.240.8 1.7+1.0%0.1£0.0 1.240.1 4.140.5

7#: @ Dissolved oxygen level; @ Seedling height; @ Root length;
@DInternode length; @ Sheath length; ®1Leaf length.

2.3.4 T ARIRME S G A RKREERIRG X AR

XoF AN [+ 8 figp 28T S 1 8 B b1 ) 1 e S ORI AR B
FEARIEAT RT3 Hr UL 4) o S5 R 7R AN [R5 i 4
KA BRIRIAT A5 5 22 55 b1 T b 5 MR - 1
HAT 35 505G SC 2, b 57K 70 AL R 5 B U
7k BA BE IEMAHK KR (P<C0.05),
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Table 3 Effect of different dissolved oxygen levels on photosynthetic pigment contents of Z. marina seedlings (mean=+SD)

R AR &R a T &R b e SRR A 2R KiE MEEE
Dissolved oxygen level Chl a content Chl & content Chl a +0b content Chl a/b Caro content
/(mg L) /(mge+g D) /(mge+g D /(mge+g D) /(mge+g ")
2 0. 8240. 00™ 0.44740. 01" 1. 27+0. 00 1. 86+0. 03 0. 25+0. 00
4 0.8140. 02" 0. 4840, 02" 1. 2940, 03" 1. 70=0. 02 0. 24-+0. 02
6 0. 88+0. 02° 0. 56+0. 02° 1. 4440, 05° 1.584+0. 03" 0.1740. 02"
8 0. 8640. 06™ 0. 58+0. 05° 1. 4440, 10° 1. 49+0. 11 0.24+0. 03"
10 0. 8240. 00™ 0. 57+0. 00 1. 37+0. 00" 1. 404-0. 01¢ 0. 27+0. 00*
gl ® 2mgL SH| 1 Hk * k% * 1.0
ss . RL}0.12 1 * * ok ® %k om %
4mg-L Chlalo31-013 1 #+ @ . & 8 o+ @ 6 o B s
or ¢ 6mgL Chlbjoos015038 | @ @ - O G S S & & @|| | g4
SmeL Chla+blorvn1ron2o9 | & & « S S @S & & & ’
4r & Caro [0.26 0.13 -0.88-0.23-056 1 & 4 @ & o x owx
N " 10mg-L Chl a/b[0.02 0.13-0.06-094-073-005 1 +» @ @ & & & & @
§ 2F u MS a1 SSR|0.11020-0.49-040-052062030 1 @ &+ B S S G & 10.0
g 5 8 3 » /V,TEVI o GP 008020 043085083043 079030 | B B B S & @
It { GP il MTG [001 0.14-0.17-0.95-0.770.15 095 049 090 | & @ @ & @
3} . MTG o
z * U GI[0210200.77-0.76-0.900.77 056 0.76 083 071 1 @ & & S 055
2 VT F0.100.20 049-0.84-0.84 0.54 075 0.79 098 0.88 093 | @ & @|| |
TP [0.04 0.19 -032-0.76-0.71 035 0.73 0.85 0.97 0.85 079 093 1 @& @
4 MS |0.110.18 -0.43.0.54-0.59 0.42 0.47 0.90 0.86 0.60 0.72 0.79 0.92 1
§[0.02-:0.17 021 0.88 0.75 -0.28-0.89-0.57-0.89-0.94-0.75-0.92-0.83-0.58 1 _1.0
6|
%Q» Q, \‘0 0‘00 cw\‘0%%%' S égC) RPN @% S
-8 1 L L 1 . 1 Q &
-1 0 1 2

PC1(73.2%)

(Gl: RZHREG VI W85G GP: $i&WT1: MTG: FHIW LM
TEM SR SS: MRS R MS: Ko E; TP BEARSE
GI: Germination index; VI: Vitality index; GP: Germination potential;
MTG: Mean time of germination; S: Starch content; SS: Soluble sugar
content; MS: Moisture content; TP: Total protein content. )
[l 4 8RR B AR AE SRAR AR Y 8 oA
Fig. 4 Principal component analysis of germination

and physiological indexes of Z. marina seeds

BEH PCA 43 A7 v fif B £ 458 K 1 701k 4 2
F545 (S MS, TP, VI, GI. MTG #1 GP) D) J 7 4 4H ]
FETE D 2 25 53 A bR 2R S 448 b5 (SH.RL ZOL & @
)M SE A B AR TS R (SSR) # 17 Pearson #H 3¢ 14 43 #
LE 5) . Z5F IR , 88 50 54 1 10 A7 16 R 5 R0 11
WY S AR PR AR AR 2 A A7 R B0 I AH OGP . S8 A 1 A7
TR T BE AT K & S bR R )
WEEEM, 5FFMER & &, LAEEMHSRER
T SRR b O LR SRR Y A 3 UM
KRARP<0.0D); MR 5 Bt 2 2 2 0 35 IEAH ¢
(P<<0.05). 5 E M EEMEE MNP
0. 01) s e RARK 5 S 2 JE M & i 2 1 25 A ¢
(P<<0.05),

(SH: #%; RL: B8 ; Chla: M4t a; Chlb: 42 b; Chla+b:
MHERER; Caro: KB PE; Chla/b: M43 a/b; SSR: THAHAF
W GP: Wik 15 MTG: VI LI GI: KZF4E%G VI iE
HHEEG TP BREASE; MS: K& &E; S: WH; +. P<<0.05;
#%, P<{0.01, SH: Seedling height; RL: Root length; Chl a: Chloro-
phyll a3 Chl 6: Chlorophyll b; Chl a+6: Total chlorophyll; Caro: Ca-
rotenoid; Chl a/b: Chlorophyll a/b; SSR: Seedling survival rate; GP:
Germination potential; MTG: Mean time of germination; GI: Germina-
tion index; VI: Vitality index; TP: Total protein content; MS: Mois-
ture content; S: Starch; *; P<C0.05; #%; P<C0.01.)

Bl 5 B8RS A A AR AR A Rh A B FR AR B A DG AT

Fig. 5 Correlation analysis between seedling ecological

indexes and seed physiological indexes of Z. marina

3 e
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W R R 248 BORNG 0 8 BOR: R B i & e
FIHISAES R . AR I B 25 A S 7K T X 1 55
TR B K AR R AR BRI A8 8O W R
2 mg -+ L' AbIHA A Fh - R LR E XTI 1.5
% 3 R ZEARBOMTE 48808 o 2 3 T HAL AL B4 X 5
Churchill® #1 Moore 210 1 #F 58 45 % 40 o, {H
Hootsmans 25V BFSE & 30 %ﬁf@iﬁ%ﬁﬁ:%ﬂ% ™
30 d Jm SRR T REACN W A AE St T3
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Effects of Different Levels of Dissolved Oxygen on Seed Germination
and Seedling Establishment of Zostera marina

Yang Qiwen"*?, Long Qinggang’, Ti Lijun®, Yuan Botao'*?, Tian Lu', Zhang Peidong'*"
(1. Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdao 266003, China; 2. Joint
Research Center for Conservation, Restoration & Sustainable Utilization of Marine Ecology, Ocean University of China-Chi-
na State Shipbuilding Corporation Environmental Development Company Limited, Qingdao 266100, China; 3. Observation
and Research Station of Yellow-Bohai Seas Temperate Seagrass Bed Ecosystem, Ministry of Natural Resources, Qingdao
266100, China; 4. China Environmental Protection Foundation, Beijing 100062, China)

Abstract: To clarify the optimal dissolved oxygen (DO) level for promoting eelgrass (Zostera marina )
seed germination and seedling establishment, the cumulate germination rate, germination index, and
nutrient content of eelgrass of seed germination stage, as well as the survival rate, growth rate,
morphological indexes and leaf photosynthetic pigment content of the seedlings were assessed at five DO
levels (2, 4, 6, 8 (control), and 10 mg * L '). The physiological responses of eelgrass seed
germination and seedling establishment under different dissolved oxygen levels were analyzed. The
experiment was carried out for 110 d, 60 d for seed germination and 50 d for seedling cultivation., The
results were as follows: (1) DO level had a significant effect on the cumulate germination rate and
germination index of eelgrass seeds (P<C0.05), and the cumulate germination rate, germination index,
and vitality index of seeds in the 2 mg « L' treatment group were 1. 1 to 1. 5 times greater than those of
the control group at 60 d; (2) a-amylase activity in all treatment groups significantly increased (P <<
0. 05) during the early stage of seed germination (0~20 d) and the seed moisture and soluble sugar
content significantly increased in the rapid germination stage (20~40 d) while the total protein content
and starch contents significantly decreased (P<C0.05). The water and soluble sugar content in the
2 mg+ L' treatment group were 1.1 and 1.4 times higher than those of the control group, and the
total protein content and starch contents were 85.5% and 90.7% of those of the control group,
respectively; (3) different levels of DO during the seed germination stage also significantly affected the
survival rate, growth rate, and chlorophyll content of the leaves (P <C0.05). After 50 days of
cultivation, the survival rate, growth rate, and chlorophyll a/b ratio of seedlings in the 2 mg « L'
treatment group reached their highest values, which were 1.2 to 1.9 times higher than those of the
control group; (4) seed starch content exhibited a significant negative correlation with seed germination
and seedling survival. In contrast, seed water and total protein content were significantly and positively
correlated with seed germination and seedling survival (P <C0.05). These findings indicated that the
optimal DO level to promote eelgrass seed germination and seedling growth was 2 mg * L™'. This level
of DO enhanced a-amylase activity in eelgrass seeds and accelerated starch decomposition, which in turn
increased water absorption and expansion of the seeds as well as accumulation of soluble sugars, and
thus promoted seed germination as well as the survival, growth, and photosynthetic capacity of
seedlings. These results provided a scientific basis for enriching the seagrass propagation biology and
enhancing the effectiveness of seagrass seedling-based ecological restoration.

Key words: dissolved oxygen; Zostera marina ; cumulate germination rate; seedling survival rate; nu-

trient substance
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