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MO PAU

1. Ly do chon deé tai

Halophila beccarii Aschers. 1a mot loai co bién phan bd phd bién ¢ viing
An D¢ - Thai Binh Duong. Najas indica (Willd.) Cham. 12 mot loai ¢o thuy
sinh séng chim thudc nhém nudc ngot nhung cé miat & ca méi trudng nudc
ngot va nudc lo. Hién nay, dién tich bao phu cta hai loai H. beccarii va N.
indica dang bi thu hep & mirc bao ddng trén pham vi toan cAu, dic biét 1a loai
H. beccarii da duge liét ké vao danh sach cic loai dé bi tén thuong va de doa
ciia T6 chuc Lién minh Bao ton Quéc té (IUCN). O nuéc ta hai loai H.
beccarii va N. indica phan bd & cac mdi truong ven bién, dic biét 1a ddm Cau
Hai, tinh Thira Thién Hué. Cho dén nay chwa c6 nghién ctru ndo chuyén siu
vé dic diém phén bd, sinh san cua hai loai H. beccarii va N. indica ciing nhu
sw anh huong ciia cdc yéu td moi truong dén phan bd va sinh san ciia hai loai
& diéu kién moi truong dam pha. Dé gép phan bd sung nhing thong tin khoa
hoc hd tro cong tic bao ton da dang sinh hoc ving ¢im phd ven bién, ching
t6i chon dé tai nghién ctru cta ludn 4n 1a: “Nghién ctru sy phan bd cia cé
thuy sinh Halophila beccarii Aschers. va Najas indica (Willd.) Cham. &
dam Ciu Hai thujc pha Tam Giang — Ciu Hai, tinh Thira Thién Hué va
kha ning sinh trwéng, phat trién cta ching ¢ cic d9 min khac nhau”.
Cic két qua nghién ctru gép phan bd sung nhing thong tin vé dic diém hinh
thai, phan bd, sinh san ctia hai loai, 1a co s& khoa hoc cho cdng tac béo v€ va
phat trién cdc tham co thiy sinh sdng chim & méi truong dam phd.
2. Muc tiéu nghién ctru

Muc tiéu chung cua dé tai 1a nghién ciru dic diém phan bd ctia hai loai co
thay sinh sdng chim H. beccarii va N. indica & dam Cau Hai va sy anh huong
cta d¢ man 1én sy sinh trudng cla hai loai nay & diéu kién nuoi tr(“)ng.

Dé thyc hién muc tiéu chung trén day, dé tai bao gém cac muc ti€u

nghién cuu cu thé:



- Mo ta dic diém hinh thdi cta hai loai H. beccarii va N. indica & d3m
Céu Hai.

- Xay dung dugc ban d6 phan bd cua hai loai H. beccarii va N. indica
& dam Cau Hai.

- Xéc dinh dugc yéu t6 méi truong anh huong dén phan bd cua hai loai
H. beccarii va N. indica & d3m Cau Hai.

- bBanh gié dugc dac diém sinh san hitu tinh cta hai loai H. beccarii va
N. indica & dm Cau Hai.

- Xac dinh dugc yéu t6 méi truong anh hudng 1én sinh san hitu tinh
cta hai loai H. beccarii va N. indica & dam Cau Hai.

- Panh gid dugc mirc d6 anh huong cua d6 man 1én sinh trudng cia
hai loai H. beccarii va N. indica trong didu kién nudi trdng.

3. Noi dung nghién ciru

- Xéc dinh mot sb dic diém moi treong nudc va moi trudng tram tich
ctia dam Cau Hai (nhiét 0, d6 man, do sau, d6 duc, pH va ndong do N-NO;,
P-PO,” trong méi trudng nude va ndng d6 N-NOy, P-PO,” méi trudng
tram tich).

- Nghién ciru dic diém hinh thdi cta hai loai H. beccarii, N. indica;
xé4c dinh dic diém phan bd trén co s& danh gia 6 phu, mat do than dung va
sinh khéi di dén xdy dung ban d6 phan bd cua H. beccarii, N. indica; xic
dinh dic diém sinh san cta H. beccarii, N. indica & diéu kién ty nhién dam
Cau Hai.

- Kiém tra mdi quan hé giita sy phin bd cua hai loai H. beccarii, N.
indica voi mot sb yéu td ciia méi trudng nude, moi trudng tram tich va yéu
t6 khi hau (nhiét d6 khong khi, lugng mua va sb gio ning).

- Panh gia sy anh hudng cia 0 man ddi voi hai loai H. beccarii, N.
indica thong qua sy ndy mam ciy con va kha ning sinh truéng cua hai loai

trong diéu kién nudi trong.



4. Y nghia ciia luin an
4.1. Y nghia khoa hoc

Cung cap thong tin khoa hoc vé hinh théi, phan bd, sinh san cua H.
beccarii, N. indica & dAm Cau Hai; cung cip ban d6 phan bd cua H.
beccarii va N. indica & &m Cau Hai trong thoi gian nghién ctru va mdi lién
hé giira sy phan bd cua hai loai véi mot sé yéu to méi truong cia thuy vyc.
Xéc dinh dugc d6 mudi thich hop cho sy sinh trudng cua H. beccarii va N.
indica trong diéu kién nudi trong.

4.2. Y nghia thuc tién

Théng tin vé ddc diém hinh thi, sinh san, phan bd ctia H. beccarii va N.
indica va sy anh hudng ctia d0 man moi truong nudc 1én sinh trudng cua hai
loai gép phan l1am sang t6 sy hinh thanh, phat trién cdc tham co cua hai loai
nay & dam Cau Hai theo khong gian va miia vu. Cac két qua nghién ctru s& 1a
co so khoa hoc quan trong cho cong téc bao vé, phuc hdi va phat trién céc
tham c6 thily sinh song chim ¢ ¢dm Cau Hai ndi riéng va nhing thity vuc cé
diéu kién sinh thai twong tu & ven bién Viét Nam néi chung.

5. Nhirng déng gép méi cia luin an

- Mo ta duge dic diém hinh thai, dic diém sinh san va xay dyng duogc
ban d6 phan bd ciia hai loai ¢ thuy sinh sdng chim H. beccarii va N. indica
& dam Cau Hai, tinh Thira Thién Hué.

- Xéc dinh dugc mua vu sinh trudng, sinh san cla loai H. beccarii va N.
indica va mot s6 cdc yéu t moéi truong anh hudng 1én sinh truéng va sinh san
ctia hai loai H. beccarii va N. indica & ddm Cau Hai, tinh Thira Thién Hué.

- Kiém tra duoc muc d6 anh hudng cua d6 man va xac dinh dugc do
man thich hgp cho su sinh trudng cua hai loai H. beccarii va N. indica trong
diéu kién nudi trong.

6. Ciu triic ciia luin an

Chu triic luan 4n ¢6 174 trang va bao gdm céc phan chinh sau: Phin M& dau



g0m 05 trang; Chuong 1. Tong quan nghién ctru gdm 24 trang; Chuong 2. Dbi
twong, vét lidu va phuong phap nghién ctru gdm 15 trang; Chuong 3. Két qua
nghién ctru va thao luan gdm 69 trang; Két luan va kién nghi gdm 03 trang; Phan
danh muc cdc cong trinh khoa hoc lién quan di cong bb gdm 05 cong trinh; Tai
liéu tham khao gém 147 tai liéu, trong d6 cé 15 tai liu tiéng Viét va 132 tai li€u
Tiéng Anh; Luan 4n ¢6 09 bang va 42 hinh; Phan phu luc gdm 29 trang.
Chuong 1. TONG QUAN NGHIEN CUU

Luan an di tham khao va tong két 03 van dé va cdc noi dung lién quan
gém: (1) Co thuy sinh séng chim; (2) Téng quan vé dam phé; (3) biéu kién
tu nhién khu vyc nghién ctru.

Chwong 2. POI TUONG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong, thoi gian va khu vwe nghién ciru

2.1.1. P6i twong nghién ciru

Loai c6 bién Halophila beccarii Loai co thuy sinh nudc ngot Najas
Aschers., 1871 indica (Willd.) Cham., 1829
Giéi: Plantae Gioi: Plantae
Nganh Magnoliophyta Nganh Magnoliophyta
Lép Liliopsida Lop Liliopsida
Bo: Alismatales Bo: Alismatales
Ho: Hydrocharitaceae Ho: Najadaceae
Chi: Halophila Chi: Najas
Loai: Halophila beccarii Loai: Najas indica

2.1.2. Thoi gian nghién ciu
Tir ndm 2017 dén nam 2021
2.1.3. Khu vuc nghién ctru
Nghién ciru dugce tién hanh & ddm Cau Hai c6 toa d6 tir 1628'37" N,
107°90'53" E dén 16 36'41" N, 107 78'19" E.
2.2. Cac phuong phap nghién ciu
2.2.1. Phurong phap thu miu va thu thip s6 liéu méi trwomg ddm Ciu Hai
“Thu mdu ngodi hién trwomg: Chiing toi thyuc hién tong thé c6 15 dot
thu miu vao thang 3,4, 5,6, 7,9 va 11 nam 2018 va thang 1,2, 3,4,5,7,9

va 11 ndam 2019 trén 21 diém cua toan ddm Cau Hai. Trong sudt thoi gian



khéao sat toa do cua cac diém thu mau dugc cd dinh béng may dinh vi
Garmin GPSMAP®78. B9 man, nhiét 9, pH, d6 duc cua mobi trudong nude
duogc xac dinh béng may do da chi tiéu HORIBA. D¢ sau cot nudc duge do
bang dung cu xdc dinh d6 sau cdm tay Handy Depth Sounder Hondex PS-7.
Tai mdi diém thu mau, 5 cm trAm tich bé mat (st dung Core c6 duong kinh
40 mm) va 0,5 lit nudc dugc thu thap theo TCVN 5998:1995 (ISO 5667-
9:1992) va TCVN 6663-19:2015 (ISO 5667-19:2004) dé phan tich thanh
phan céc chat dinh dudng dé tiéu NO3 ~ va PO, 3~ .

“Phdn tich mdu nwéc va tram tich trong phong thi nghiém: Ham
lwong cac chét dinh dudng hoa tan (NO3 ~ va PO, 37 ) trong mdi truong
nude duge phén tich bang phuong phap SMEWW 4500-NO; .E (Cadmium
reduction method) va SMEWW 4500-PC (Vanadomolybdophosphoric Acid
Colorimetric Method). Ham lugng PO, 3~ trong tram tich duoc phan tich
bang cac phuong phap “Chit luong dat — phuong phap xac dinh ham luong
nito d& tiéu” theo TCVN 5255:2009. Ham luong NO5 ~ trong tram tich
phan tich dya trén TCVN 8661:2011 “Chét luong dat — xac dinh phospho
dé tiéu — phuwong phéap Olsen”.

2.2.2. Phuong phap thu miu va thu thap s liéu vé hinh thai, phan
bd, sinh sin va xdy dung bin dd phan bd cia loai H. beccarii

“Thu mdu ngoai thwc dia: Tai mdi diém thu miu, sinh khéi cua H.
beccarii bao gdm ré, thin, 14, hoa va qua duoc thu thap & bén trong 3 6 tiéu
chuan (0,5 x 0,5 m). Cic mau cé duoc bao quan trong thing mat trude khi
mang vé phong thi nghiém. Do phu ciia H. beccarii dwoc xdc dinh ngay tai
cac diém thu miu biang phuong phap 6 tiéu chuin dua trén cdc tai liéu
hudng dan cta Mckenzie (2003) va McKenzie & Campbell (2002). Toan bo
mau cta H. beccarii s& dwgc mang vé phong thi nghiém Sinh 1f Thyc vat,
Khoa Sinh hgc, truong Pai hoc Su pham, Pai hoc Hué.

*Phdn tich trong phong thi nghiém: Cic mau co duoc bao quan trong



ngin mat ti lanh. Mau c6 dugc rira sach va tién hanh xac dinh sb luong 14
trén mdi than dung, s6 lugng than dimg va sd luong hoa, do chiéu dai than
dimg, chiéu dai phién 14, chiéu rong phién 14, chiéu dai cudng 14, duong kinh
than va chiéu dai 16ng.
2.2.3. Phuong phap thu miu va thu thap s liu vé hinh thai, phan b,
sinh san va xay dung bin d6 phan bd cia loai N. indica

Tuong ty nhu lodi H. beccarii, tai mdi diém thu mau sinh khéi ctia N.
indica dugc thu thap & bén trong 3 6 tiéu chuén (0,5 x 0,5 m) bd tri ngiu
nhién ¢ bén trong tham co. BY phu cia N. indica dugc xac dinh ngay tai
mdi diém thu miu biang phuong phip 6 tiéu chuén cua Mckenzie va
McKenzie & Campbell. Tai phong thi nghiém, & mdi 6 tiéu chuan liy ngiu
nhién 30 than dimg N. indica dé xac dinh chiéu dai than (chdi chinh), chiéu
dai 14, chiéu dai 16ng va duong kinh than. Céc théng s hinh théi ctia ca hai
loai H. beccarii va N. indica duoc do béng thudc kep dién tir nhu loai H.
beccarii. Toan bd sinh khéi ctia ca hai loai H. beccarii va N. indica dem rira
sach lai v&i nu6e may, dé rao nuée rdi cho vao ta sdy. Sinh khdi co dugc siy
& nhiét 46 60° C cho dén khi trong luong khong ddi, sau d6 léiy ra dé ngudi
roi dem can dé xac dinh sinh khéi kho (z DW m™ 2).

“Xdy dung ban do phén bé cé

Ban dd phéan bd do phu va mét do cia hai loai H. beccarii va N. indica

dugc xay dung bang phin mém QGIS 3.6.

2.2.4. Phwong phap khao sat sw anh hwéong cia do min lén sy sinh
trwéng cia hai loai H. beccarii va N. indica

*Thi nghi¢m khdo sdt sw anh hwong ciia dp man lén sinh truong
ctia loai H. beccarii

Thu thédp than ré H. beccarii va tram tich: Cac doan than ré cua H.

beccarii dugc thu thap & dam Cau Hai.



Bé tri thi nghiém: Thi nghiém duoc b trf tai khu nha Iudi ciia khoa Mbi
Trudng, trudng Pai hoc Khoa hoc, Pai hoc Hué. Thoi gian thi nghiém kéo dai
trong 12 tuan. Toan hé thong thi nghiém gom 5 bé kinh (70 X 40 X 44 cm)
va 20 chau nhya (26 X 20 X 18 cm). 5 bé kinh chira méi truong nudi trong
twong ung 5 mic d6 man thi nghi€ém 0%o, 5%o, 10%o, 15%0 va 20%o. 20 chau
nhya dung dé tréng cac than 1é H. beccarii. Cic muc d6 min dugc xiy dyng
trén két qua cia cic nghién ciru trudc vé do man phan bd & mdi truong tu
nhién ctia loai H. beccarii. Tram tich sir dung lam gid thé trong co duoc rdy
qua riy c6 mat lugi 0,5 mm, sau d6 cho vao cdc chau nhya mot 16p day 5 cm.
12 doan than ré& (rhizome fragments) mang du 4 chdi (shoots) va 4 r& don
(roots) con nguyén ven roi dem trong thanh 4 hang trong mdi chau nhya. Bon
chau nhua da duoc tréng ¢o (twong ung cho 4 lan lap lai) duogc ddt vao mot bé
kinh d duoc chudn bi sin moi trudng nudc.

Theo doi thi nghiém va thu thdp 6 liéu: Sb lugng cac doan than ré loai
H. beccarii dugc theo ddi hang tudn. Sy dai thém cua cac doan than ré& duoc
danh diu bang cich cim cdc que gd nho. Céc chi sé hinh thai nhu chiéu dai
phién 14, chiéu rong phién 14, chidu dai cudng 14, chiéu dai than dimg dwoc
xac dinh vao tuan thir 8 cua thdi ky thi nghiém. S6 lugng than ding cta H.
beccarii & cac d6 man thi nghiém dugc xac dinh vao hai thoi diém: sau 8
tudn va két thic thi nghiém (sau 12 tuén).

*Thi nghiém khdo sdt sw dnh hwong ciia dp mdan lén sinh truéng ciia loai
N. indica

Thu thdp than dimg N. indica va tram tich: Cac than dung loai N.
indica va trAm tich duoc thu thap ¢ tham cé don loai cua N. indica c6 d6
sau moi truong nude 1a 1,2 m va d6 min 12 8,8%0 & dam Cau Hai.

Bé tri thi nghiém: Thi nghiém nudi trong N. indica duge bd tri ciing vi
tri v6i thi nghiém nudi trong loai H. beccarii duge dé cap & trén. Thi nghiém

duoc kéo dai trong 8 tudn. Hé thdng thi nghiém gdm 6 bé kinh dugc st dung



dé chira moi trudng nude twong tng véi 6 mirc d6 man 0%o, 5%o, 10%o, 15%o,
20%o va 25%o; 24 chdu nhya duoc st dung dé tréng cac than dung N. indica.
Méi truong nudc, gia thé trong co, céc bé kinh, chau nhya, may bom loc nude
tudn hoan dugc thuc hién giéng véi thi nghiém nuoi tréng loai H. beccarii da
dugc trinh bay ¢ trén. P§ man moi trudng nude duge do b?mg may do da chi
tiéu HORYBA. Chon 30 than dimg N. indica (dai khoang 6 cm) c6 chdi va ré
con nguyén ven dem trdng vao mdi chau nhya thanh 3 hang. 4 chau nhya da
duoc tréng c6 (twong ung cho 4 lan lap lai) duoc dat vao mot bé kinh d3 duoc
chuén bi san moi truong nudc.

Theo doi thi nghiém va thu thdp so liéu: S6 luong 16ng, sé lwong nhdnh
trén mdi than dimg, chidu dai 14, chiéu dai than ding va sinh khéi tich liy
ctia N. indica duge xac dinh vao khi két thic thi nghiém. Tdc d6 sinh truong
ctia than ré loai H. beccarii va than dimg loai N. indica dugc xac dinh theo

cong thuce (2):

G = Livq t_ L; 2)
Trong do: G: La toc d0 sinh trudéng cua than ré/than ding
(mm/ngay)
Li,: Chidu dai cta than r&/than dtng & 1an do trude (mm)
L;: Chiéu dai cua than ré&/than dimg & lan do tiép theo
(mm)

t: S6 ngay giita mdi 1an do (3 ngay)

Muc nudce & céc bé duge 6n dinh & mic 25 cm trong subt thoi ky thi
nghi¢m. Céac thong s6 moi truong nudc nhu pH, d6 man, do duc s€ dugc
kiém tra va diéu chinh 3 ngay 1 1an. Céc thi nghiém duogc thyc hién ¢ khu
thi nghiém ngoai troi cdé mai che, do do, cac yéu t6 nhu nhiét do khong khi
va diéu kién chiéu sing gan giéng véi dicu kién ty nhién. Két thic thi
nghiém, toan by sinh khéi cua H. beccarii va N. indica duoc thu hoach va

dem vao phong thi nghiém. Cac mau cé dugc rira sach lai véi nudc mdy va



dém s lugng than dung (loai H. beccarii). Toan bd sinh khdi ciia H.
beccarii va N. indica dugc mang sdy ¢ nhiét d6 60° C cho t&i khi trong
luong khong doi, sau d6 iy ra dé ngudi roi dem can dé xac dinh sinh khoi
kho (g DW) tich liiy & mdi do mén thi nghiém ctia mdi loai.

* Thi nghiém khdo sdt sw anh hwéng ciia dp mén lén sw ndy mam
cdy con (seedling) tir hat va sy sinh trwong cuia cdy con o loai N. indica

Chudn bi thi nghiém: Hat ctia N. indica va tram tich duoc thu tai cling
mot vi tri ¢6 tham ¢ N. indica & ddm Cau Hai. St dung nudc may va mudi
bién dé chuén bi mdi truong nudc cho 5 mirc d§ man thi nghiém 1a 0%o,
5%o, 10%o, 15%0 va 20%o0 & 5 bé kinh (70 X 40 X 44 cm) PO min ciia moi
truong nudi trong dwoc pha tuong ty nhu hai thi nghiém trén. Trdm tich
diing 1am gid thé duoc riy qua riy c¢6 mét ludi 0,3 mm, sau d6 dwoc cho vio
cac chau nhya (26 X 20 X 18 cm).

Bé tri thi nghiém: Thoi gian thi nghiém kéo dai trong 28 ngay. Céc
chau nhua sau khi da dwoc chuin bi sin gia thé, mdi chau dugc gieo vao
300 hat N. indica. 3 chau (twong (mg cho 3 1an lap lai) dd dwoc gieo hat
duoc dat vao mot bé kinh.

Theo doi thi nghiém va thu thdp soé liéu: Tix ngdy tht 7 cia thoi ky thi
nghiém, tién hanh do chiéu dai cdy con véi tan sudt 3 ngay 1 lan. S6 lugng
ciy con va mot s6 ddc diém hinh théi ctia cay con nhu chiéu dai 14, chiéu
dai 16ng, ) luong 16ng va sb luvong nhanh & cac d6 man s& duogc xac dinh
khi két thic thi nghiém. Do man va cic yéu td méi trudng nhu pH, do duc
ctia nude duge kiém tra 3 ngay 1 1an. Ché do chiéu sang, cuong do anh sang
va nhiét 6 khong khi gan gidng voi diéu kién tw nhién.

2.2.5. Phuwong phap xir Iy s6 liéu

Phan mém IBM SPSS Statistics Version 20 dugc sit dung cho viéc vé

biéu dd va phén tich s6 liéu nghién ctru. S6 lidu trude khi phén tich, cac

bién dwoc kiém tra phan phdi chudn bang Shapiro-Wilk Test. Sy khéc nhau



giita cdc bién dugc kiém tra bang Friedman ANOVA va hau kiém bang
Wilcoxon; hodc Repeated Mesures ANOV A hay One-Way ANOVA va hiu
kiém bang Duncan. Mbi tuong quan gitra cic bién dugc kiém tra bang
phuong phap Spearman hay Pearman phu thugc vao sy phan phdi chuén ctia
céc bién.
Chwong 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Pic diém phan b caa H. beccarii va N. indica & dam cau hai
3.1.1. Mt s6 dic diém méi trueong ddm Cau Hai

D06 min clia dAm trong thoi gian khao st dao dong tir 0,1 — 20,6%o,
trung binh 9,3 £+ 0,2%0. PO man c6 sy khac biét khd r6 theo thoi gian khao
sat (2 (14, n = 21 = 224,1; p < 0,0001), ¢ man cao nhét vao thang 9/2018
(14,8 + 0,4%0) va thap nhit roi vao thang 1/2019 (1,5 + 0,2%o). Cac diém
khao sit nam trong khu vyc phia dong nam ¢am c6 do man trung binh cao
(9,9 — 12,7%o); cac diém khao sit ven bo phia tay bic ciia dAm c6 do min
trung binh thap hon (4,8 — 9,3%o), (%2 (0.n = 15) = 196,8; p < 0,0001). Nhiét
d6 méi truong nude tir 20,7 — 34,8°C va trung binh 1a 29,6 + 0,2 0 C. Nhiét
d6 nudc dat cao nhét vao thang 7/2018 (33,2 £ 0,2 © C) va thap nhét roi vao
thang 1/2019 (24,4 £ 0,2 ° C, (32 (14.n = 21y = 270.,9; p < 0,0001). Nhiét do
nudc cling c6 sy khac biét co y nghia ¢ cac diém khao sét (X% 20.n=15 =
75,9; p < 0,0001) nhung muc d§ chénh 1éch khong 16n & cung mét thoi
diém khao sat va gia tri trung binh vé nhiét do gitta cac diém chi 1éch nhau
khoang trén duéi 2°C. D6 sdu ciia ddm dao dong tir 0,2 — 2,4 m, trung binh
12 1,2 + 0,02 m. P9 sdu cao nhét & thang 11/2018 (1,7 + 0,08 m) va thép
nhét vao thang 7/2019 (0,9 + 0,08 m), (rmA, F = 334,7; p < 0,0001). Cic
diém & ven dam c6 muc nudc nong (0,5 — 0,9 m); cac diém con lai c6 d6
sau 16m hon (1,2 — 1,8 m), (%2 (20, n = 15) = 247.8; p < 0,0001). Diém khao st
CH6 c6 muc nudc sau nhit 1a 1,9 + 0,04 m va muc nudc ndng nhat duoc
ghi nhén tai diém CH20 (0,5 + 0,05 m),. D6 duc dao dong tir 0 — 75,1 NTU,
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trung binh 1a 10,2 + 0,6 NTU, cao nhét roi vao thang 7/2018 (16,2 + 3,9
NTU) va thap nhét roi vao thang 11/2018 (4,4 = 0,9 NTU), (%2 (14, n=21) =
62,3; p < 0,0001). Hai diém c6 d6 duc cao nhat gdm CH20 (19,6 + 5,1
NTU) va CH21 (18,5 + 3,8 NTU), (%2 20.n =15 = 83,5; p < 0,0001). pH mbi
truong nudc tu 4,1 — 9,9 va trung binh 1a 7,6 + 0,07, cao nhét & thang
3/2019 (8,8 + 0,2) va thap nhét ¢ thang 11/2019 (6,2 £ 0,05), (%2 (14.n=21) =
101,4; p < 0,0001). pH mdi truong nude tuong ddi dong nhat ¢ cac diém
khao sit va khong c6 su sai khac c6 ¥ nghia thong ké. Nong do cédc chat
dinh dudng dé tiéu nhu N-NO; ~ va P-PO, 3~ ciia méi trudng nudc dao
dong tir 0,006 mg/l — 0,573 mg/l va 0,001 — 0,429 mg/l, va trung binh la
0,11 + 0,006 mg/l va 0,05 + 0,004 mg/l. Nong d6 N-NO; ~ va P-PO, 3~

c6 sy sai khdc ¢ céc thang khdo sat, twong tng 1a (%2 (10,0 =21y = 124,9; p <
0,0001), (%2 (10.n =21y = 137,6; p < 0,0001). Nong d6 N-NOs ~ cao nht roi
vao thang 11/2018 1a 0,233 + 0,01 mg/l va thap nhat vao thang 7/2019 1a
0,044 + 0,003 mg/l. Nong d6 N-NOz ~ trong mdi truong nudc khong cé sai
khic & cac diém khao sat. Nong do P-PO, 3~ trong nudc cao nhét & thing
5/2018 (0,151 + 0,01 mg/l) va thdp nhét vao thing 7/2018 (0,014 + 0,001
mg/l). Nong d6 P-PO, 3~ cta méi trudng nudc c6 sy sai khic ¢ cac diém
khao sat (%2 (10, n = 21) = 35; p = 0,02), cao nhat & diém CH21 (0,123 + 0,03
mg/l) va thap nhit ¢ diém CH12 (0,02 + 0,01 mg/l). Ham lugng N-NO; ~

trong trAm tich tr 0,014 — 0,811 mg/kg va trung binh la 0,319 + 0,024
mg/kg. Néng d0 N-NO;3 ~ c¢6 su sai khdc ¢ cdc thang khdo st (y2 4 n=21) =
16,2; p = 0,003), thap nhét vao thang 11/2018 1a 0,152 + 0,042 mg/kg va
cao nhit vao thang 5/2018 1a 0,587 + 0,029 mg/kg. Nong do N-NO; ~ cao
nhét ¢ diém CH2 (0,599 + 0,119 mg/kg) va thap nhit tai diém CH20 (0,161
+ 0,069 mg/kg), (X 0.0 =5 = 56,3; p < 0,0001). Nong do P-PO, 3~ tir
0,103 — 4,532 mg/kg va trung binh 1a 1,336 + 0,085 mg/kg, cao nhit roi vao
thang 1/2019 1a 1,933 + 0,198 mg/kg va thap nhat & thang 7/2018 12 0,968 +
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0,144 mg/kg, (x2 (4.0 =21 = 16,2; p = 0,003). Nong d6 P-PO, 3~ cao nhit tai
diém CH21 1a 3,063 + 0,604 mg/kg va thap nhéat ¢ diém CHI9 1a 0,596 +
0,259 mg/kg, (%2 0. =s) = 42,5; p = 0,002).
3.2. Pic diém hinh thai, phan bd va sinh san ciia H. beccarii & dam Cau
Hai
3.2.1. DPic diém hinh thai cia H. beccarii

H. beccarii sinh truong & ddm Cau Hai c¢6 chiéu dai than ding dao
dong tr 2,3 — 49,1 mm, trung binh 15,1 + 0,3 mm. Dinh cua than dung
mang vong 14 tir 4 - 12 14, trung binh 6,6 + 0,07 14. Cac 16ng than ré& co
chiéu dai tir 6,6 — 30,7 mm, trung binh 12 16,7 + 0,3 mm. Pudng kinh than
ré tr 0,25 — 1,0, trung binh 0,6 + 0,01 mm. L4 cua H. beccarii cé 14 hinh
elip dai, chiéu dai phién 14 tir 2,0 — 25,9 mm va trung binh 12 17,4 + 0,1 mm;
chiéu rong phién 14 tir 0,3 — 2,6 mm, trung binh 14 1,7 + 0,01 mm. Phién 14
c6 3 gan doc, cac gan chay song song va hoi tu & chop 14, 14 khong co6 gan
ngang. Cubng 14 thuong dai hon phién 14 va c6 chiéu dai tir 3,7 — 39,0 mm,
trung binh 1a 18,9 + 0,3 mm.
3.2.2. Pic diém phan bo cia H. beccarii

Loai co bién H. beccarii hién dién tai 13/21 diém khéo st. Gid tri trung binh ciia
do phu, sinh khi va mét do than dimg ciia loai H. beccarii & ddm Cau Hai dugc xac
dinh trong tmg 14 37.8 +3.4 %, 13,6 + 1,6 g DW m™ 2, 1.923,6 +211,2 than/m?. Két
qua phan tich thong ké cho thiy céc tham co cua loai ¢6 sy sai khéc ¢ ¥
nghia vé& 6 phit (42 (12, n = 1) = 42,6, p < 0,0001), sinh khdi (%2 (12, n = 11) =
41,5, p <0,0001) va mat do than dimg (%2 12.n=11) = 41,9, p <0,0001) & céc
diém khao sat. Ca do6 phu, sinh khéi va mat do than dung cua H. beccarii
déu cao nhat ¢ diém CHI tuong tmg 12 76,2 + 9.8 %, 26,2 + 6,1 g DW m" 2,
3388,3 + 634.,9 than/m? va thip nhat & diém CH17 tuong tng 1a 6,4 + 6.4
%, 1,36 + 1,36 g DW m™ 2, 755,1 + 755,1 than/m2. H. beccarii c6 su sai khac
dang ké vé& d6 phit (%2 (10— 13 = 53,3, p < 0,0001), mat do than dimg (X2 (10.n=13,
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= 57,2, p < 0,0001) va sinh khdi (32 (10, n = 13) = 66,9, p < 0,0001) & céc thing
khéo sat. Do phii, mat do than dung va sinh khdi ciia loai cao nhat vao thing
1/2019, tuong tng 12 77,1 £ 10,2 %, 5527 + 1082,2 thin/m? va 39,4 + 8,5 g DW
m~ 2. D¢ phi va mat d than dimg thap nhat roi vio thang 7/2019, twong tmg 1a
49 + 2.6 %, 224 + 1149 than/m2, nhung sinh khdi thip nhét roi vao thing
11/2019 12 2,3 + 1,6 g DW m~ 2. Két qua khao sat cua chiing toi trong hai
nam 2018 va 2019 duogc két hop véi ghi nhan ciia Phan Thi Thiy Hang (tir
2015 dén 2017) c6 thé nhan thy rang, phan b cta loai ¢6 bién H. beccarii
& moi truong dam Cau Hai c6 tinh mia vu khong 16 nét. Két qua nghién
clru ctia ching toi ghi nhén, sinh truéng cua H. beccarii duoc bit du tir dau
mia mua nam trude va kéo dai dén cubi mua kho nim sau, trong do,
khoang thoi gian loai sinh trudng manh cho sinh khéi, do6 phu va mat do
than dtmg cao roi vao tir thang 11 ndm 2018 dén thang 3 nam 2019. Nghién
ctru cho théy d6 man va nhiét do nude c6 mbi tuong quan véi sinh khdi cua
H. beccarii véi hé sb tuong quan tuong tng 1a (r = -0,3, p = 0,03, n = 39)
va (r = -0,4, p = 0,006, n = 39). Sinh khéi cua lodi c6 mbi twong quan chit
ché voi luvong mua (r = 0,8, p = 0,05, n = 6). Nhu vay, ¢ diéu kién do man
(0,1 — 20,6%o0) va nhiét d6 nude (20,7 — 34,8 °C) ctia ddm Cau Hai, sinh
khéi cua H. beccarii tang khi lugng mua ting, 6 man va nhiét d¢ nudc
giam.
3.2.3. Pic diém sinh san caa H. beccarii
3.2.3.1. Pdc diém co quan sinh sén ciia H. beccarii

H. beccarii & dAm Cau Hai c6 hoa don tinh. Hoa dyc cta phét sinh &
dinh cta than ding, ndm gitia vong 1a. Hoa duc con non dugc bao bdi hai mo
(spathe) trong sudt, hoa nho ra khoi mo khi truong thanh. Hoa duc c6 cudng
dai t61 9,8 mm, ¢6 3 cdnh hoa mau nau nhat, canh hoa c6é dang hinh elip thuén
bau duc, 10i, ti. Mdi hoa duc c¢6 3 bao phéan, bao phin khong c6 cudng. Hat

phén ctia H. beccarii ¢6 dang hinh bau dyc dai, thuong két thanh chudi tir 2-8
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hat. Hoa cai khong c6 cudng hoa, ndm sau trong nach 1a, bén trong hoa mang
bau nhuy c6 kich thudc 1,4 x 3,8 mm, bau nhuy chira tir 2 - 4 noan. Hoa céi
¢6 mot voi nhuy dai tir 13 —18 mm, phia dau vdi nhuy dwoc phan lam hai
nhdnh, tan cling cdc nhanh cudn tron lai nhu tua cudn. Qua c¢6 hinh bau duc,
cong & dinh, dinh qua c6 mot voi ngan udn cong. Mdi qua chira tir 1 — 4 hat,
hat ¢6 hinh bau duc hoi tron; vo hat c6 mau nau ddm va ¢6 cdc van hinh mét
luéi. Pac diém hinh thai co quan sinh san ciia H. beccarii & dm Cau Hai gan
gidng vai nhitng md ta ctia loai & An D9.
3.2.3.2. Sw hinh thanh hoa, qud va hat ciia H. beccarii

H. beccarii & ddm Cau Hai c6 mat do trung binh cta hoa dyc, hoa cdi,
qua va hat duoc xac dinh twong ung 1a 9,3 + 2,7 hoa/m?, 6,4 + 2,1 hoa/m?,
11,9 £ 4,6 qua/m?, 16,5 + 6,6 hat/m2. Hoa duc, hoa cdi va qua cua loai cé
mat d6 cao nhit tai diém CH5 tuong ung 1a 17,5 + 9,8 hoa/m?, 12,3 + 8.8
hoa/m?, 20,9 + 17 qua/m?, nhung mat d¢ hat cao nhat dugc ghi nhén tai
diém CH20 12 29,7 + 23,8 hat/m2. O diém khéo sat CH13, sy hinh thanh hoa
chi quan sat thiy duy nhét vao thang 5/2018 véi sb luong hoa duc, hoa cdi,
qua va hat thép tuong ung 1a 9,3 £ 1,3 hoa/m?, 64 + 29,4 hoa/m?, 20 + 6,1
qua/m?, 26 + 5,2 hat/m2. Qud trinh nghién ctru ching t6i thay hoa va qua
ctia H. beccarii & ddm Cau Hai duoc quan sit thiy tir thing 3 — 6 nim
2018 va tir thang 2 — 3 nam 2019. Phan tich thdng ké cho thiy c6 su sai
khéc c6 y nghia vé mat d6 hoa duc (%% (14,n =5y = 27,8, p = 0,01), hoa céi
(% 14.n=5 =27,8, p=0,01), qua (%2 (14.n =5 = 31,7, p = 0,004) va hat (32
(4. n=5 = 31,7, p = 0,004) & cic thang khdo sat. Trong ndm 2018, hoa,
qua, hat cua H. beccarii dugc quan sat thiy tur thang 3. Thang 4 loai c6
mat d¢ hoa, qua, hat cao nhét véi sb lugng hoa dyc, hoa cdi, qua va hat
twong ung la 50,1 £ 22,8 hoa duc/m?, 44,4 + 23,7 hoa cdi/m?, 72,2 + 46,6
qua/m?, 87,8 + 49,4 hat/m?. Sau d6, s6 lugng hoa, qua, hat ciia loai giam

manh & cdc thang tiép theo va thap nhat vao thang 6 tuong g 1a 15,1 +
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11,2 hoa duc/m?, 6,2 + 4,7 hoa cdi/m?, 4 + 4 qua/m?, 5,6 = 5,6 hat/m?,.
Nam 2019, hoa, qud, hat dugc quan sat vao thang 2 véi mat do hoa duc,
hoa cdi, qua va hat tuong tGng l1a 30,1 + 20,2 hoa duc/m?, 15,5 £ 11,6 hoa
cdi/m?, 4,4 £ 44 qua/m?, 6,1 = 6,1 hat/m2. S Iuvgng hoa cua loai giam
manh vao thiang 3 véi mat d§ twong ung la tuong ung la 10,0 + 6,1 hoa
duc/m?, 5,1 £ 3,1 hoa cai/m? nhung mét d§ qua va hat cao hon so véi
thang 2 tuong tng 1a 43,1 + 30,3 qua va 52,5 + 34,1 hat.

D6 mén c¢6 mdi twong quan ¢ muc trung binh véi mat do hoa, qua, hat
(r=-0,5, p <0,05; n =13) cua H. beccarii. Trong khu vuc phan bb cua H.
beccarii & dm Cau Hai véi d6 man moi trudng nude tir 0,1 — 20,6%o, do
mén tang cao s& 1am giam s lugng hoa, qua va hat cua H. beccarii.

3.3. Pic diém hinh thai, phan b va sinh san hiru tinh cia N. indica &
dam Cau Hai

3.3.1. Pic diém hinh thai cia N. indica

Najas indica (Willd.) Cham. ¢ dam cau Hai c6 than cdy cao toi 156

cm, trung binh 1a 44,6 £ 2,9 mm; dudng kinh than tr 0,2 - 0,7 mm va trung
binh 12 0,6 + 0,01 mm. Than gdm nhiéu 16ng, cic 16ng c¢6 chiéu dai tir 0,2 -
81,1 mm, trung binh 36,9 £ 1,7 mm. L4 moc déi, cung va gion; mép 14 co
rang cua; chiéu dai 14 tir 8,7 - 34,3 mm. R& cua N. indica thudc loai ré chiim,
1& ¢6 thé moc ra tir cac dot than nam gan gdc.

3.3.2. Pic diém phan bd caa N. indica

Lodi N. indica c6 phan bd rong & ddm Cau Hai, hién dién ¢ 10/21 diém
véi trung binh d phu 12 22,7 + 3,5 % va sinh khéi 12 31,7 £ 59 g DW m™ 2.
Sinh khdi va d6 phu cta loai ¢ sy sai khdc & cac diém khao sat trong tng 1a
(O ©0.n=11 = 22,2, p = 0,008) v (%2 .n=11) = 25,5, p = 0,002). C6 4 diém gom
CH4, CH11, CH12, va CHI8 ¢ N. indica phit trién phong phi hinh véi do
phu trung binh cao lan luot 12 48,1 + 14 %, 43,1 + 13,3 %, 26,8 + 13,7 %,
244 + 11,8 % va sinh khdi tuong tng 12 66,5 + 22,9 g DW m” 2, 65,6 + 24,5
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gDWm™ 2 54,6+312gDWm™ 2,365+143gDWm™ 2 (TB+SE,n=
11); 6 diém con lai N. indica sinh truong cting véi loai co bién H. beccarii
nén loai ¢6 @ phu va sinh khéi thap hon, thip nhit dwoc ghi nhan tai diém
CHI9 (51+5,1%;19+1,9gDWm™ 2).

Khu vye phin bd céc tham co cta loai duge mé rong dan tuong tng
vi 86 diém loai hién dién tang dan tir thang thang 5/2018 (3 diém) dén
thang 9/2018 (9 diém), sau d6 giam con 3 diém vao thang 1/2019. Tuy
nhién, dot khao sét vao thang 3/2019, s6 diém loai hién dién ting ting tr&
lai 1én 7 diém, sau d6 giam xudng con 4 diém vao thang 5/2019 va loai bién
mét hoan toan tir thang 7 — 11/2019. Po phu cua N. indica ting dan tir thang
5/2018 (23,3 + 12,5 %), thang 7/2018 (49,3 + 15,1%), loai c6 d6 phu cao nhét
vao thang 9/2018 (58,3 + 10,8 %), loai tiép tuc duy tri d6 phu cao & thing
11/2018 (51,5 + 14,5%). Thang 1/2019 d¢ phu cua N. indica gidm manh (6,7
+ 3,6%), sau d6 ting lén vao thang 3/2019 (36,8 = 14,4%), d phu cua loai
tiép tuc gidm xudng dang ké vao thang 5/2019 (26,7 + 12,1 %), (%2 (10.n= 10) =
45,9, p < 0,0001). Sinh khéi cua loai dat cuc dai vao thang 7/2018 (93,6 +
35,6 g DW m™ 2), va thip nhit vao thang 1/2019 (5,5 + 2,9 g DW m™ 2), (32
ao.n =10 = 47,9, p < 0,0001); tir thang 7 — 11/2019 loai tan lyi hoan toan véi
sinh khdi bang 0 g DW m™ 2.

Do phit va sinh khéi ctia N. indica c6 mdi tuong quan yéu véi d6 min
(r=20,28, p=0,007, n = 90; r = 0,32, p = 0,01, n = 90) va nhiét d0 mdi
truong nudce (r = 0,26, p = 0,01, n =90; r = 0,28, p = 0,02, n = 90). Trong
khoang d6 man phan bd cua N. indica (< 15%0) va nhié¢t d¢ nuoc (20,7 —
34,8 °C) clia mdi trudng dam Cau Hai, sinh khdi va do phu cua loai ting khi
d6 mian va nhiét do nudc ting, tuy nhién, mdi twong quan nay chi & mirc
yéu. Sinh khdi ctia N. indica ¢6 tuong quan chit ché voi nhiét do khong khi
(r=0,71; p=0,04); nghia la sinh khéi N. indica tang khi nhiét d6 khong khi
tang.
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3.3.3. Pic diém sinh san caa N. indica

N. indica 1a loai ¢6 hoa don tinh ciing gbc. Hoa céi c6 kich thudc 16n
nam trong be 14, hoa c6 mot voi nhuy, bau nhuy chtra mdt noan to hinh bau
duc dai. Hoa duc nhd ndm siu trong be 14, modi hoa c6 3 voi nhi dai va mot
bao phan hinh bau duc, hat phin ¢ hinh cau. Qua c6 hinh bau duc dai, mdi
qué chira mot hat. Hat c6 hinh bau duc dai; vo hat ¢6 mau nau ddm va cic
van hinh lyc gidc. Nghién ctru cho thiy rang N. indica & dam Cau Hai c6
mat do hat trong tram tich cao (2.765 + 790 hat/m?) va c6 sy bién dong theo
khong gian va thoi gian. Mat d¢ hat cé su sai khac c6 y nghia ¢ cic thang
khdo sit (FA, %%9. n =10y = 31,9, p < 0,0001), thép nhét & thang 5/2018 va
thang 7/2018 1a 94,5 + 21,1 hat/m? va 83,5 + 12,7 hat/m? va cao nhét &
thang 9/2018 (7.811,6 + 4.893,9 hat/m?) va thang 11/2018 (7.831,2 +
4.646,8 hat/m?). Mat do hat cua loai c6 su sai khic gitra cac diém khao sét
(FA, %20, » = 10 = 50,94, p < 0,0001). Mat d6 cao nhét tai diém CH4
(16.739,6 + 5.662,2 hat/m?), va thap nhit & diém CHI19 (103,3 + 31,7
hat/m2).

Két qua kiém tra mdi tuong quan gitra mat do hat cua N. indica véi do
phi, sinh khéi va cdc yéu té méi truong cho thiy, mat do hat trong trim tich
cta N. indica ¢6 mdi twong quan véi do phu (r = 0,4, p < 0,0001, n = 80) va
sinh khdi (r = 0,4, p < 0,0001, n = 80) cua loai. Mat do hat tang khi d§ phu
va sinh khéi cua loai tang. Mat do hat trong trdm tich cta N. indica c¢6 mdi
trong quan véi cdc thong sé méi trudng nude nhu nhiét d6 (r = -0,3, p =
0,003, n = 80), d6 duc (r = -0,3, p = 0,006, n = 80) va d¢ sau (r = 0,3, p <
0,0001, n = 80). Mat do hat cua N. indica c6 mbi tuong quan chit (r=0,7, p
=0,03, n = 8) vdi lugng mua trong nam.

3.4. Anh huéng ciia 39 min 1én sinh trwéng ciia H. beccarii va N. & diéu
kién nuéi trong

3.4.1. Anh hwéng ciia dd mén Ién sinh trwéng cia H. beccarii
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* Ti I¢ song va toc dp sinh truéng ciia than ré H. beccarii

Céc doan than ré cia loai H. beccarii thu thap tir d&dm Cau Hai duoc
tr6ng thtr nghiém & cac muc d6 man 0%o, 5%o, 10%o0, 15%0 va 20%o. Két qua
thi nghiém cho thiy d6 man c¢6 anh hudng 1én kha ning sdng cia cac doan
than & loai H. beccarii. Céc than r& bi chét chi xut hién & tuan dau tién, tir
tudn thtr hai cho t6i két thic thi nghiém 6 tit ca cac d6 man déu khong c6 xudt
hién than ré chét. Céc than r& ctia H. beccarii sdng va tiép tuc sinh truong &
khoang d6 man tir 0%o dén 20%o. C6 su sai khac co y nghia vé ti 1é song clia
cac doan than ré & cac dd min (ANOVA, F = 14,04, p < 0,0001). Than ré clia
H. beccarii ¢6 ti 18 séng 100% & d6 man 5%o va 10%o, ti 16 séng ctia than ré
giam déng ké & cac d6 man 15%o va 20%o trong tng 12 81,3 + 2,1% va 66,7 +
3,4%, 10ai c6 ti 1& sdng thap nhét & d6 man 0%o 14 33,3 + 3,4%,

Tbc d6 sinh truong cia than r& H. beccarii ¢6 sy sai khac co y nghia &
cac do min (FA, %%u4. n = 128y = 134,1, p < 0,0001). Téc d6 sinh trudng cua
loai dat cuc dai 6 10%o (4,4 = 0,2 mm/ngay) va thép hon & cac d0 man 5%o
(3,45 + 0,15 mm/ngdy), 15% (3,9 + 1,2 mm/ngdy) va 20%o (3,3 + 0,2
mm/ngy), & 0%o lodi c6 tdc do sinh truong thap nhét (0,9 + 0,1 mm/ngay).

*Pgc diém hinh thdi ctia loai H. beccarii 6 cic dp mén thi nghi¢m

C6 su sai khac déang ké vé chiéu dai phién 14 (ANOVA, F = 60,9, p <
0,0001), chiéu dai cudng 14 (ANOVA, F = 35, p < 0,0001), chiéu rong phién
14 (ANOVA, F = 23,5, p < 0,0001) va chiéu dai than ding (ANOVA, F =
92,7, p <0,0001) cta H. beccarii & cac d0 man thi nghiém. O d0 man 10%o va
15%o loai ¢6 chiéu dai phién 14 (20,5 + 0,3 mm; 20,1 + 0,3 mm) va chiéu dai
cudng 14 (18,9 + 04 mm; 18,3 + 0,3 mm) dai nhét, chiéu rong phién 14 16n
nhét (2,6 + 0,05 mm; 2,5 + 0,06 mm). Nguoc lai, & d6 man 0%o loai c6 chiéu
dai phién 14 (15,8 + 0,2 mm) va chiéu dai cudng 14 (14,2 + 0,3 mm) ngén nhét,
chiéu rong phién 14 (2,08 + 0,04 mm) nho nhat. Chiéu dai than dimg cta loai
dat cyc dai & d6 man 10%o (23,1 + 0,7 mm), va thip nhét dugc & 0% (8,9 +
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0,2 mm). Sau 2 — 3 ngay trong H. beccarii bat dau hinh thanh nhiing than
dung mai, cac than ding mang 3 — 4 14. SO luong 14 trén mdi than dung dao
dong tir 2 — 12 14 va trung binh 1a 7,2 + 0,1 1d/than. SO lugng 14 ¢6 su sai
khac ¢6 ¥ nghia & cac dd min (FA, [12 4 - 40 = 87,2, p < 0,0001). S6 lugng
14 cao nhit dugc ghi nhan & d6 mén 10%o 12 8,7 + 0,2 14/than, & cac d0 mén
con lai ¢6 s6 lugng 14 thap hon va thap nhit duoc ghi nhan & 0%o 12 5,0 +
0,2 14/than. Nhu vay, gid tri ciia cac diac diém hinh thdi (chiéu dai phién 14,
chiéu rong phién 14, chiéu dai cudng 14, chiéu dai than dimg) déu dat cuc dai &
d6 min 10%o va thap nhat & 0%o. Chiéu rong phién I4 c6 xu hudng rong hon &
d6 mén > 10%o; trong khi chiéu dai than ding cao nhit dwoc ghi nhan ¢ d6 méin
5 - 10%o.

“S6 lwong than dirng va sinh khoi tich liiy ciia H. beccarii

Sé lugng than dung clia H. beccarii & cac 30 man dugc xac dinh sau 8
tuan nudi trong. Két qua phan tich thong ké cho thiy, c6 su khic biét ¢6 ¥
nghi vé sb lugng than dung cia H. beccarii & cac d0 man (ANOVA, F =
26,39, p = 0,0001), trong d6 sb lwong than dimg cao nhit & dd man 5%o (466
+ 50,03 than) va 10%o (351,5 + 30,6 than), sé lugng than dimg giam dang ké
& 15%o (219 + 25,1 than) va 20%o (170 = 31,1 than) va sé luong than ding
thap nhit & 0%o (43,0 + 63,3 than). S5 lugng than dimg cua H. beccarii tiép
tuc duogc xéac dinh vao thoi diém két thdc thi nghiém (sau 12 tuan). S6 lwong
than ding cda loai cé su khac biét y nghia & cac d6 man thi nghiém
(ANOVA, F = 32,22, p < 0,0001). S lugng than dung cao nhét duoc ghi
nhén ¢ d0 man 5%o (955,00 + 131,23 than), sb luong than dung gidm dang
ké & d6 man 10%o (224,5 + 77,4 than), 15%o (74,5 + 36,8 than), 0%o (25,8 +
7,5 than) va thip nhéat & d6 man 20%o (10,5 + 7,1 than). Nhu vay, & 46 min
5-10%o loai H. beccarii c6 sd lugng than ding cao nhét, trong d6 sy chénh

léch sb lugng than dung & d6 man 5%o so voi cac d0 man khac kha 1on.
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D06 man anh huong dén sé lugng than ding, theo d6 anh huong dén sinh
khdi tich lily ctia H. beccarii. Phan tich thong ké cho thay c6 su sai khic ¢6 ¥
nghia thong ké vé sinh khéi tich lity cia H. beccarii & cic d6 mdn sau 12 tuan
thi nghiém (ANOVA, F = 19,2, p < 0,0001). Sinh khéi cua H. beccarii cao
nhét & d6 médn 5%o 1a 4,65 + 0,48 g DW, sinh khéi ctia loai ¢6 xu hudng giam
déan & cac d6 man 10%o, 15%0 va 20%o trong tng 12 2,80 + 0,68 g DW, 1,18 +
0,36 g DW, 0,36 + 0,29 g DW. Sinh khdi cta loai thdp nhat dugc ghi nhan &
0%o 12 0,23 + 0,06 g DW. Két qua nay cho thiy, & mic do man 5%o H.
beccarii ddng héa tot nhat cho sinh khéi tich liiy cao nhat.

3.4.2. Anh hwéng ciia dd min Ién sinh trwéng cia N. indica

* T{ 1¢ song va toc dé sinh trwéng ciia N. indica

Ti 1& sdng cua cac than ding loai N. indica khac nhau dang ké & cac do
man thir nghiém (ANOVA, F = 189,7, p < 0,0001). O tuan dau tién sau khi
tréng cac than dang N. indica bi chét hoan toan & d6 man 20%o va 25%o, cac
d6 man con lai ¢6 ti 1¢ than dung séng sOt giam dan khi 6 min tang tir 0%o,
5%o, 10%o va 15%o tuong tng 1a 75,50 + 2,47 %, 70,75 £+ 5,25 %, 65,50 +
2,06% va 23,75 + 1,44%. Két qua thi nghiém cho thiy N. indica tir ddm Cau
Hai séng SOt va tiép tuc sinh truéng ¢ d6 man tr 0 — 15%0 va d6 man gay
chét ctia N. indica 1a 20%o va 25%o.

N. indica ¢6 toc do sinh truong cao nhat & do man 10%o 1a 13,18 +
0,68 mm/ngay va thap nhit & d6 man 15% 1a 8,98 + 0,55 mm/ngay,
(ANOVA, F =93, p <0,0001). Ti 18 sng sét va toc do sinh trudng cua N.
indica ¢ thi nghiém nay cho théy, gidi han sinh thai vé d0 man cua loai 1a 0
— 15%o, trong d6 10%o 1a ¢0 man thich hop nhét cho sy sinh trudng cua loai.

“Piic diém hinh thdi ciia N. indica & cdc d¢ mén thi nghiém

Phan tich thong ké ghi nhan, c6 su sai khac c6 ¥ nghia & cac d6 min
vé chiéu dai than dung (ANOVA, F = 67,4, p < 0,0001), chiéu dai 14
(ANOVA, F = 20,5, p < 0,0001), s6 nhanh (ANOVA, F = 23,9, p < 0,0001)
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va 56 16ng trén mdi than (ANOVA, F = 34,5, p < 0,0001). Chiéu dai than
dang cua N. indica cao nhat duoc ghi nhan & d6 man 10%o (743,9 + 5,5
mm) va thép nhit & cac do man con lai, trong do thép nhat & 15%o (508,6
mm). Kich thudc chiéu dai 14 cta loai dai nhat & d6 man 0%o (25,67 + 0,35
mm), chiéu dai 14 ¢6 xu hudng giam dan khi do man tang va th?ip nhét duoc
xac dinh & 15%o (21,3 + 0,3 mm). S6 lugng nhdnh cua loai cao nhit & do
man 5%o (27,7 + 1,6 nhanh) va thip nhét & 15%o (15,9 = 0,9 nhanh). Nhung
) luong 16ng cao nhat duoc ghi nhén ¢ 46 man 10%o. (28,1 £ 0,2 long) va
thap nhat & 0%o (20,8 + 0,3 16ng) va 5% (20,3 = 0,9 16ng). Chiéu dai than
dtng va $6 lurong nhanh déu c6 gid tri cyc dai 6 d§ man tir 5 — 10%o. Nhung
$6 luong 16ng lai cé gid tri cao hon & 36 mén 10 - 15%0 va chiéu dai 14 ¢6 xu
hudng giam dan theo chiéu gia ting do man.

“Sinh khéi tich liiy ctia N. indica

Két qua thi nghiém cho thiy, sinh khdi ctua N. indica & cac dd min
0%o, 5%o0, 10%0 va 15%o tuong tng 1a 0,80 + 0,19 (g DW), 5,84 + 0,51 (g
DW), 5,99 + 1,03 (g DW) va 3,19 + 0,26 (g DW). Phan tich thong k& cho
thiy sinh khdi ctia N. indica c6 su khac nhau ¢ y nghia ¢ cdc mirc d6 médn
(ANOVA, F = 17, p < 0,0001). Sinh khdi ctia loai cao nhat duoc ghi nhan &
d6 man 5%o-10%o va thap nhat & 0%o.
3.4.3. Anh huong ciia dd min 1én niay mam cy con va sy sinh truomg
cua cay con loai V. indica

* §¢ lwong cdy con ciia N. indica

Cay con cia loai N. indica dugc quan sat thiy & cac do man 0%, 5%o,
10%o va 15%o, & 6 man 20%o khong c6 cay con ndo dugc ghi nhan trong sudt
thoi gian thi nghiém. Phén tich thong ké cho thdy sé lugng ciy con c6 su sai
khéac dang ké ¢ cac do man (AVOVA, F=94,9, p < 0,0001). S5 luong ciy con
cao hon & do man 0%o (50 £ 2,5 cay) va cao nhét & 5%o (104,7 + 5,5 cay);

s6 luong cy con cua loai giam xudng dang ké & d6 man 10%o (32,3 + 3.8
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ciy) va thap nhét dugc ghi nhan & 15%0 (13 = 3,8 cay). Két qua nay cho
thdy yéu cau do man cho sy nady mam cdy con tir hat & loai N. indica kha
thap (0 - 5%o), trong d6 5%o dugc ghi nhan 1a @ man thich hop nhat.

*Sw sinh truwong cia cdy con N. indica

Két qua phan tich thong ké cho thiy téc d¢ sinh truong ctia ciy con
loai N. indica c6 sy sai khac dang ké & cac dd man (ANOVA, F = 8.3, p <
0,0001). Téc d6 sinh trudng cua cay con dat cuc dai & d0 man 5%o (3,2 =
0,5 mm/ngay) va giam dang ké & 0%o (1,9 = 0,3 mm/ngay) va 10%o (1,7 +
0,2 mm/ngay), toc do sinh trudng ctia cdy con thip nhét dugc ghi nhan ¢ do
man 15%o (1,0 £ 0,2 mm/ngay). Két qua nay cho thiy sb lugng ciy con va toc
d6 sinh trudng & giai doan cdy con loai N. indica déu dat cuc dai & dd man 5%o
tiép dén 12 0%o; & dd man tir 10 - 15%o s6 lwgng cay con va tdc do sinh truong
clia ciy con thép hon dang ké, trong d6 thap nhat & 15%o. Nhu vay, d6 man
thich hop nhit cho su sinh truéng & giai doan ciy con loai N. indica 12 0 - 5%o.

C6 su sai khac dang ké vé& mot s6 dic diém hinh théi cua cay con nhu
chiéu dai cay, s lugng 16ng va chiéu dai 14 (ANOVA, p < 0,0001). Chiéu
dai cay con va ) lugng 16ng déu dat cuc dai & do man 5%o (82,7 £2,7 mm;
5,5 +0,2 16ng) va thap nhit & d6 man 15%o (25,7 + 2,6 mm; 2,6 £ 0,2 16ng).
Chiéu dai 14 ctia ciy con dai nhat dugc ghi nhan & d6 min 0%o (25,4 + 0,8)
va ¢6 xu hudng giam dan khi ting d6 man tir 5%o, 10%o va 15%o tuong g
la 23,3 £ 0,7 mm; 21,5 £ 0,7 mm; 21,6 £ 0,6 mm. Nhu viy két qua thi
nghiém ndy cho thiy, d6 min c6 anh huéng rd nét 1én sy ndy mam ciy con
tir hat & loai N. indica. Hat cua lodi chi ndy mam va hinh thanh cdy con &
khoang o man tir O - 15%o. Trong d6 d0 man tir 0 - 5%o 1a thich hop nhét.
Két qua nay chiing t6 yéu cau do mdn cho sy nay mam va sinh truong trong
giai doan ciy con loai N. indica tir d&dm Cau Hai thdp hon dang ké (0 - 5%o)

so vai giai doan cay trudng thanh (5 — 10%o).
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KET LUAN VA KIEN NGHI
1. Két luan

1. Cac yéu t6 moi treong (49 man, nhiét d, do sau, do duc, pH trong
nudc, néng d6 N-NO3; - va P-PO, 3° trong nudc va trAm tich) & ddm CAu
Hai c¢6 sy bién dong theo khong gian va thoi gian, trong d6 thé hién rd nhat
la 6 man, nhiét ¢ nudc va do sau. D6 man dao dong tir 0,1 dén 20,6%o, dat
gid trj thip & cac thang mua mua va tai cdc khu vuc ddm gan cira song Dai
Giang, song Trudi, song Cau Hai (phia tay béc cua dﬁm); d6 man cao hon ¢
cic thang mua kho va tai cac khu vyc khao sat thudc phia dong nam cua
dam. Nhiét d6 nude dao dong tir 20,7°C dén 34,8°C véi su chénh 1éch trung
binh theo mua khoang 7,8°C va giita cac diém khao sat 1a khoang 2°C. Do
siu & cac diém khao sat dao dong tir 0,2-2,4 m v6i gid tri trung binh 1,2 m;
d6 sau mua mua 16n hon mua kho véi khoang chénh 1éch 16n nhét giira hai
mua 1a 0,8 m.

2. Loai c¢é bién H. beccarii phan b rong & ddm Cau Hai va c6 su bién
ddng theo khong gian va thoi gian. Cdc quin thé loai H. beccarii phan bd
tap trung chu yéu & khu vyc trung tim dam hudng vé phia déng nam — khu
vuc ¢6 d6 man cao (10,4 — 12,8%o) va 6n dinh cua dim. Phin bd cua H.
beccarii ¢6 tinh miia vy khong rd nét, mua sinh truéng cua loai duoc bat
dau tir du mua mua nim trude va kéo dai dén cudi mua kho nam sau. Thoi
ky loai phat trién manh tring véi céc thdng miia mua (tir thang 9 nam 2018
dén thang 3 nam 2019), trong d6 loai c6 d6 phu, mat d6 va sinh khéi dat gid
tri cyc dai vao thang 1 nam 2019. P$ man, nhiét d nudc va lugng mua
duoc xac dinh 1a nhitng yéu t6 chi phdi dén sy phin b cua H. beccarii &
dam Cau Hai.

Sinh san hitu tinh cta H. beccarii & ddm Cau Hai chi xay ra & mot sd

quan thé ven bd va theo miia vu rd nét. Thoi ky hinh thanh hoa, qua cua loai
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dién ra vao cac thang mua kho trong nim (tir thang 2 dén thang 6), trong d6
mat d§ hoa, qua, hat cao nhét roi vao thang 4 nam 2018. B¢ man moi
truong nude 1a yéu té anh huong dén sy hinh thanh hoa, qua, hat cta loai &
mbi truong dam Cau Hai.

3. Loai CTSSC nuéc ngot N. indica ciing c¢6 phan bd rong & dam Cau
Hai va c6 su bién dong manh mé theo khong gian va thoi gian. Cdc quan thé
ctia loai N. indica phan bd tap trung chu yéu & khu vuc ven phd phia tiy bic
dam — khu vuc gan céc cira séng c¢6 do man thap (<15%o). Phan bd cua N.
indica theo mua vy rd nét, mua sinh trudng cia loai truing véi mua kho
trong nam. Nhiét d9, d0 man moi truong nudc va nhiét 4o khong khi la
nhitng yéu t5 chi phéi dén bién dong phan bd ciia N. indica. PO man moi
truong nude 1a yéu t anh huong dén khong gian phan bd cia loai, trong khi
nhiét d6 nudc va nhiét d6 khong khi 12 nhitng yéu t6 anh huéng dén bién
d6ng phan bd theo miia vu ctia loai & ddm Cau Hai.

Loai N. indica c6 mat do hat trong tram tich khd cao (2.765 + 790
hat/m?) va mat do hat c6 su bién dong theo khong gian va thoi gian. Mat do
hat ctia loai cao hon tir thang 9 dén thang 11 nam 2018 tai cdc diém CH4 va
CH11; mat d6 hat cia loai thip nhit tir thang 5 dén thang 7 nam 2018 tai
diém CH19. Nhiét d6 nudc, do sau, do duc va lugng mua la nhitng yéu td
moi truong chi phéi dén su bién dong mat do hat cua loai N. indica & dam
Céu Hai.

4. Trong diéu kién nuoi tréng, d6 man c¢6 anh hudng manh mé Ién sinh
truong cua ca hai loai H. beccarii va N. indica. Loai H. beccarii c6 kha
niang séng va sinh treong & d6 man tir 0 — 20%; trong khi loai N. indica c6
kha ning séng va sinh truong & dd méan tr 0 — 15%o. P man thich hop nhét
cho sy sinh trudng cua cé hai loai da dugc xac dinh 1a tr 5 — 10%0. Sy nay

mam cy con tir hat trong tram tich & loai N. indica xay ra & o man tir O -
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15%o, trong d6 dd mén 0 - 5% la mitc thich hgp cho sy ndy mam cdy con va
su sinh trudng ctia ciy con loai N. indica thu thap tir ddm Cau Hai.
2. Kién nghj

Dé co diy du thong tin 1am co s khoa hoc nham dua ra cac bién phap
bao vé&, phuc hdi va phit trién cic tham thyc vat thay sinh song chim & ddm
Cau Hai chung t6i dua ra mot sb kién nghi sau:

- Nghién ciru vé sy hinh thanh ciy con tir hat va kha nang sinh truong
clia ciy con ¢ hai loai H. beccarii va N. indica trong diéu kién moi trudng
tu nhién cua dam Cau Hai.

- Nghién ctru dac diém sinh san (vo tinh va hiru tinh) két hop véi phan
tich da dang di truyén quin thé tir d6 danh gia muc do dong gop cua cdc
hinh thte sinh san vao qué trinh duy tri v phuc hdi quan thé cua cic loai

CTSSC & dAm CAu Hai.
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INTRODUCTION

1. The necessity of the thesis

Halophila beccarii Aschers. is a species of seagrass widely distributed
in the Indo-Pacific region. Najas indica (Willd.) Cham. is a submerged
aquatic vegetation belonging to the freshwater group, however it occurs in
both freshwater and brackish environments. Currently, the coverage area of
H. beccarii and N. indica has been narrowing at an alarming rate in the global,
especially, H. beccarii species has been listed as one of the threatened and
vulnerable seagrass species of the International Union for Conservation of
Nature (IUCN). In Viet Nam, H. beccarii and N. indica are distributed in
coastal environments, especially, Cau Hai lagoon. Up to now, there have not
been any in-depth studies on the distribution and reproduction characteristics
as well as the influence of environmental factors on the distribution and
reproduction of of H. beccarii and N. indica in environmental conditions of
the lagoon. To contribute to supplementing scientific informations which
supports biodiversity conservation in coastal lagoon areas, we chose the study
topic of the thesis as: “Study on the distribution of Halophila beccarii
Aschers. and Najas indica (Willd.) Cham. submerged aquatic vegetation in
the Cau Hai lagoon belong to Tam Giang - Cau Hai system, Thua Thien
Hue province and their growth and development at different salinity levels”.
The study results contribute to additional informations about the
morphological, distribution, and reproductive characteristics of the two
species. That is the scientific basis for the protection and development of
submerged aquatic vegetation in the lagoon environment.

2. Research objective

The general objective of the thesis is to study the distribution
characteristics of two submerged aquatic grass species H. beccarii and N.
indica in the Cau Hai lagoon and the effect of salinity on the growth of
these two species under the cultural conditions.



To accomplish the above general objective, the study includes
detailed objectives:

- To describe the morphological characteristics of H. beccarii and N.
indica in the Cau Hai lagoon.

- To Build distribution map of H. beccarii and N. indica in the Cau
Hai lagoon.

- To determine environmental factors affecting the distribution of H.
beccarii and N. indica in the Cau Hai lagoon.

- To evaluate of sexual reproduction characteristics of H. beccarii
and N. indica in Cau Hai lagoon.

- To determine environmental factors affecting the sexual
reproduction of H. beccarii and N. indica in the Cau Hai lagoon.

- To assess the effect of salinity on the growth of H. beccarii and N.
indica under culture conditions.

3. Research content

- Determination of some characteristics of water and sedimentary
environment of the Cau Hai lagoon (temperature, salinity, depth, turbidity,
pH and concentration of N-NOj, P-PO43' in water environment and
concentration of N-NOy, P-PO,* sedimentary environment).

- Study on morphological characteristics of H. beccarii, N. indica;
determine distribution characteristics rely on the assessments about
coverage, shoot density, and biomass to build distribution map of H.
beccarii and N. indica; to determine reproductive characteristics of H.
beccarii and N. indica in natural conditions of the Cau Hai lagoon.

- To examine the relationship between the distribution of H. beccarii, N.
indica with several factors of water and sedimentary environment and
climatic factors (air temperature, rainfall, and sunshine hours.

- To evaluate of the effect of salinity on of H. beccarii and N. indica
through seedling germination and growth ability of these species under

culture conditions.



4. Significance of the thesis
4.1. Scientific significance

Provided scientific information on morphology, distribution, and
reproduction of H. beccarii and N. indica in the Cau Hai lagoon; provided
the distribution map of H. beccarii and N. indica in the Cau Hai lagoon
during the study period, and the relationship between the distribution of
these species and several environmental factors of the water body.
Determined the suitable salinity for the growth of H. beccarii and N. indica
under culture conditions.
4.2. Practical significance

Informations on the morphological, reproductive, and distribution
characteristics of H. beccarii and N. indica as well as the effect of water
salinity on the growth of the two species, that contributed to clarify the
formation and development of meadows of these two species in the Cau Hai
lagoon according to space and season. The study results would be an
important scientific basis for the protection, restoration, and development of
submerged aquatic vegetations in the Cau Hai lagoon as well as water bodies
with similar ecological conditions in the coastal areas in Viet Nam.
5. Contributions of the thesis
- Describe morphological characteristics, reproductive characteristics, and
build distribution map of two submerged aquatic vegetation species H.
beccarii and N. indica in the Cau Hai lagoon, Thua Thien Hue province.
- Determining the growth and reproduction seasons of H. beccarii and N.
indica and several environmental factors affecting the growth and
reproduction of H. beccarii and N. indica in the Cau Hai lagoon, Thua
Thien Hue province.
- The influence of salinity and the optimum salinity for the growth of two
species of H. beccarii and N. indica were determined under the culture

condition.



6. The structure of the thesis

The structure of the thesis has 174 pages, includes the following main
parts: The introduction consists of 5 pages; Chapter 1. Research overview
includes 24 pages; Chapter 2. Research subjects, materials and methods
includes 15 pages; Chapter 3. Research results and discussion includes 69
pages; Conclusion and recommendations include 03 pages; The list of
publications related to the thesis 05 articles; The reference section includes
147 references, including 15 Vietnamese references and 132 English
references; The thesis has 09 tables and 42 figures; The appendix consists of
29 pages.

Chapter 1. LITERATURE REVIEW

The thesis referred and summarized on 3 main issues related to: (1)
Submerged aquatic vegetation; (2) Overview of the lagoon; (3) Natural
conditions of the study area.

Chapter 2. STUDY SUBJECTS AND METHODS

2.1. Subject, time, and study area

2.1.1. Subject study

Halophila beccarii Aschers., 1871 Najas indica (Willd.) Cham., 1829
Kingdom: Plantae Kingdom: Plantae

Clade Magnoliophyta Clade Magnoliophyta
Clade Liliopsida Clade Liliopsida
Order: Alismatales Order: Alismatales
Family: Hydrocharitaceae Family: Najadaceae
Genus: Halophila Genus: Najas

Species: Halophila beccarii Species: Najas indica
2.1.2. The time study

From 2017 to 2021
2.1.3. The study area

The study was conducted in the Cau Hai lagoon with coordinates

from 16 28'37" N, 107°90'53" E to 16 36'41" N, 107 78'19" E.



2.2. The study methods
2.2.1. Sampling method and environmental data collection in the Cau
Hai lagoon

* Sampling in the field: We conducted a total of 15 sampling trips
in March, April, May, June, July, September, and November in 2018 and
January, February, March, April, May, July, September, and November in
2019 out of 21 sampling sites of the across Cau Hai lagoon. During the
survey, the coordinates of the sampling sites were fixed by the Garmin
GPSMAP®78. Salinity, temperature, pH, turbidity of the water
environment were determined by HORIBA multi-parameter meter. The
depth of the water column was measured with the Handy Depth Sounder
Hondex PS-7 hand-held depth meter. At each sampling point, 5 cm of
surface sediment (using a 40 mm diameter Core) and 0.5 liters of water
were collected according to TCVN 5998:1995 (ISO 5667-9:1992) and
TCVN 6663-19: 2015 (ISO 5667-19:2004) to analyze the composition of
easily digestible nutrients NOz ~ and PO, 37 .

* Analysis of water and sediment samples in the laboratory: The
concentration of dissolved nutrients (NO; = and PO, 3 ) in the water
environment was analyzed by SMEWW 4500-NOj; .E (Cadmium reduction
method) and SMEWW 4500-PC (Vanadomolybdophosphoric Acid
Colorimetric Method). The PO, 3~ concentration in the sediment was
analyzed by the method "Soil quality - method to determine the easily
digestible nitrogen concentration” according to TCVN 5255:2009. The
NO;z; - concentration in the sediments was analyzed to base on TCVN
8661:2011 “Soil quality — determination of easily digestible phosphorus —
Olsen method”.



2.2.2. Sampling method and data collection about morphology,
distribution, reproduction, and build of distribution maps of H. beccarii

*Sampling in the field: At each sampling site, the biomass (roots,
shoots, leaves, flowers, and fruits) of H. beccarii was collected inside 3
standard squares (0.5 x 0.5 m). Samples were stored in cool containers before
being brought back to the laboratory. Coverage of H. beccarii was determined
at the sampling sites by standard square method based on the guidelines of
Mckenzie (2003) and McKenzie & Campbell (2002). All samples of H.
beccarii would be transported to the laboratory of plant physiology,
Department of Biology, University of Education, Hue University.

* Analysis in the laboratory: The samples were stored in the
refrigerator. Samples were washed and determined the number of leaves per
the shoot, the number of shoot and flowers, measuring the shoot length, leaf
length, leaf width, petiole length, rhizomes diameter, and internodes length.
2.2.3. Sampling method and data collection about morphology,
distribution, reproduction, and build of distribution maps of N. indica

Similar to the H. beccarii species, at each sampling site the biomass of
N. indica was collected inside 3 standard squares (0.5 x 0.5 m) randomly
arranged inside the meadow. Coverage of N. indica was determined at each
sampling site by using the standard square method of Mckenzie and
McKenzie & Campbell. In the laboratory, in each standard square, 30 N.
indica shoots were randomly selected to determine shoot length (main choot),
leaf length, internode length, and shoot diameter. Morphological traits of both
H. beccarii and N. indica species were measured by electronic calipers . The
whole biomass of both H. beccarii and N. indica species was washed with tap
water, drained and put in the drying oven. Plant biomass was dried at 60° C
until the weight remained constant, then removed to cool and weighed to

determine dry biomass (g DW m™ 2).



*Building the distribution map of the H. beccarii and N. indica
The map of coverage and density distribution of two species H. beccarii

and N. indica was built by using QGIS 3.6 software.

2.2.4. Method to examine the effect of salinity on the growth of two
species H. beccarii and N. indica

* The experiment to examine the effect of salinity on the growth of
H. beccarii

Collection of H. beccarii rhizomes and sediments: Rhizome
fragments of H. beccarii were collected in the Cau Hai lagoon.

Experiment design: The experiment was designed in an outdoor
experimental area of the Faculty of Environment, University of Science,
Hue University. The experiments were performed for 12 weeks. The
experimental design consists of five glass aquarium tanks (70 x 40 x 44
cm), 20 plastic boxes (26 x 20 x 18 cm), and five water filters for filtering
and circulating water. Freshwater (tap water) and sea salt were used to
prepare the water for different salinity treatments. Based on the salinity
where the seagrass distributed in the field we tested five salinities 0%o, 5%o,
10%eo, 15%0, and 20%o. A 0.5 mm mesh diameter sieve was used to remove
coarse gravel and plant materials from the sediments. Then they were put in
plastic boxes to make a 5-cm substrate layer. The H. beccarii rhizome
fragments were carefully selected and planted immediately. Twelve
rhizome fragments were planted in each plastic box. Four planting boxes
were placed in each glass aquarium tank for salinity treatments.

Experiment monitoring and data collection: The number of rhizome
fragments of H. beccarii was monitored weekly. The elongation of the
rhizome fragments was marked by wusing small wooden sticks.
Morphological traits such as leaf length, leaf width, petiole length, and

shoot length were determined at the 8th week of the experimental period.



The number of shoots of H. beccarii was determined at two time points:
after 8 weeks and at the end of the experiment (after 12 weeks).

*The experiment to examine the effect of salinity on the growth of
N. indica

Collection of N. indica shoots and sediments: N. indica shoots and
sediments were collected from the meadow of N. indica with a water depth
of 1.2 m and a salinity of 8.8%o in the Cau Hai lagoon.

Experimental design: The N. indica cultural experiment was arranged
in the same location as the H. beccarii cultural experiment mentioned above.
The experiment was lasted for 8 weeks. The experimental system consisted of
six glass tanks (70 x 40 x 44 cm) of salinities 0%o, 5%o, 10%o, 15%o0, 20%0
and 25%o; 24 plastic boxes (26 x 20 x 18 cm) were used to grow the N.
indica shoots. The water environment, medium, glass tanks, plastic boxes,
and circulating water filter were performed in the same way as the cultural
experiment of H. beccarii described above. Water salinity was measured
using a HORIBA multi-parameter meter. Selected 30 N. indica shoots with
shoots and roots intact and grew them in 3 rows in each plastic box. 4 plastic
boxes planted (corresponding to 4 replicates) were placed in a glass tank.

Experiment monitoring and data collection: The number of
internodes, the number of branches per shoot, leaf length, shoot length, and
accumulated biomass of N. indica were determined at the end of the
experiment. The growth rate of the rhizome of H. beccarii and the N. indica
shoot was determined by formula (2): iy

G = % )
In which: G: Is the growth rate of rhizomes/shoot (mm/day)
Li,i: Length of rhizome/shoot at previous measurement (mm)
L;: Length of rhizome/shoot at next measurement (mm)

t: Time between each measurement (3 days)



The water level in the glass tanks was stabilized at 25 cm during the
experimental period. Water environment factors such as pH, salinity,
turbidity would be checked and adjusted every 3 days. Experiments were
carried out in a covered outdoor laboratory, so factors such as air
temperature and lighting conditions closely resemble natural conditions. At
the end of the experimental period, the whole biomass of H. beccarii and N.
indica was harvested. Grass samples were washed and the number of shoots
(H. beccarii species) counted. The biomass of H. beccarii and N. indica was
dried at 60° C until the weight remained constant, then cooled and weighed
to determine the dry biomass (g DW) accumulated in each experimental
salinity for each species.

* The experiment to examine the effect of salinity on seedling
germination and seedling growth in N. indica species

Experimental preparation: Seeds of N. indica and sediments were
collected at the same location with N. indica meadow in the Cau Hai
lagoon. Using tap water and sea salt to prepare the water environment for 5
experimental salinity levels 0%o, 5%o, 10%o, 15%0, and 20%o in 5 glass tanks
(70 X 40 X 44 cm). Salinity of the cultural medium was prepared in the
same way as the two experiments above. Sediments used as substrate were
sieved through a sieve with mesh of 0.3 mm, then put into plastic boxes ( 26
X 20 X 18 cm).

Experimental design: The experimental period lasted for 28 days.
The plastic boxes were prepared, each box was sown with 300 seeds of N.
indica. The 3 boxes (corresponding to 3 replicates) that had been seeded
were placed in a glass tank.

Experiment monitoring and data collection: From the 7th day of the
experimental period, the seedling length was measured with a frequency of

every 3 days. The number of seedlings and some morphological



characteristics of seedlings such as leaf length, internode length, number of
internodes, and number of branches at salinities would be determined at the
end of the experiment. Salinity and water environmental factors as pH,
turbidity were checked every 3 days. Lighting mode, light intensity and air
temperature are close to natural conditions.
2.2.5. Data analysis

IBM SPSS Statistics Version 20 software was used for graphing and
analyzing study data. Before analyzing the data, the variables were tested
for normal distribution by Shapiro-Wilk Test. The difference between the
variables tested by Friedman ANOVA and post-test by Wilcoxon; or
Repeated Mesures ANOVA or One-Way ANOVA and post-test by Duncan.
The correlation between the variables tested by the Spearman or Pearman
method depends on the normal distribution of the variables.

Chapter 3. RESULTS AND DISCUSSION

3.1. The distribution of H. beccarii and N. indica in the Cau Hai lagoon
3.1.1. The environmental factors in the Cau Hai lagoon

The salinity of the lagoon during the survey period ranged from 0,1
to 20,6%o, the average was 9,3 + 0,2%o. Salinity had a significant difference
in months (¥2 (14, n = 21y = 224,1; p < 0,0001), the highest salinity in
September 2018 (14,8 + 0,4%o), and the lowest salinity in January 2019 (1,5
+ 0,2%0). The sites were located in the southeast area of the lagoon with
high average salinity (9,9 — 12,7%o); sites along the northwest of the lagoon
had lower average salinity (4,8 — 9,3%o), (%2 (20.n =15 = 196.,8; p < 0,0001).
Water temperature from 20,7 to 34,8°C, mean of 29,6 + 0,2 0 C.The highest
water temperature in July 2018 (33,2 £ 0,2 ® C), and the lowest in January
2019 (24,4 +02°C, (%% (14,n=21) = 270,9; p < 0,0001). Water temperature
had a significant difference in the sites (%2 (20, n =15y = 75,9; p < 0,0001), but

the difference was not large at the same time of the survey and the average
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value of temperature between the sites was only about 2°C. The depth
ranged from 0,2 to 2,4 m, mean of 1,2 + 0,02 m. The highest depth in
November 2018 (1,7 £ 0,08 m), and lowest in July 2019 (0,9 + 0,08 m),
(rmA, F = 334,7; p < 0,0001). Sites at the edge of the lagoon had shallow
water levels (0,5 — 0,9 m); the remaining sites had greater depth (1,2 — 1,8
m), (%2 @o.n=15) = 247,8; p < 0,0001). CH6 site had the highest depth was
1,9 £ 0,04 m and the lowest depth was recorded at CH20 (0,5 + 0,05 m).
Turbidity ranged from O to 75,1 NTU, mean of 10,2 + 0,6 NTU, highest in
July 2018 (16,2 + 3,9 NTU) and lowest in November 2018 (4,4 + 0,9 NTU),
(%% (14, n = 21y = 62,3; p < 0,0001). The two sites with the highest turbidity
included CH20 (19,6 £ 5,1 NTU) and CH21 (18,5 £ 3,8 NTU), (%2 20,0 =15
= 83,5; p < 0,0001). pH ranged from 4,1 to 9,9 and mean of 7,6 £ 0,07,
highest in Mach 2019 (8,8 £ 0,2) and lowest in November 2019 (6,2 +
0,05), (%2 (14, n = 21y = 101,4; p < 0,0001). The pH was relatively uniform at
the survey sites and there was no statistically significant difference.
Concentration N-NOsz ~ and P-PO, 3 of the water environment ranged
from 0,006 mg/l to 0,573 mg/l and 0,001 — 0,429 mg/l, and mean 0,11 +
0,006 mg/1 and 0,05 £ 0,004 mg/l. Concentration N-NO3 ~ and P-PO, 3~

had a difference (%2 (10, n =21y = 124,9; p < 0,0001), (%2 (10,n=21y = 137,6; p <
0,0001), respectively. N-NO3 ~ concentration was the highest in November
2018 (0,233 + 0,01 mg/1) and lowest in July 2019 (0,044 £ 0,003 mg/l). N-
NO3 ~ concentration of the water environment had no difference at the
survey sites. P-PO, 3~ concentration was the highest in May 2018 (0,151 +
0,01 mg/l) and lowest in July 2018 (0,014 + 0,001 mg/l). P-PO, 3~

concentration of the water had significant difference at the sites (2 (10, n =21
= 35; p = 0,02), hightest at CH21 (0,123 £ 0,03 mg/l) and lowest at CH12
(0,02 £ 0,01 mg/l). N-NO3 ~ concentration of sediment environment from

0,014 to 0,811 mg/kg and mean of 0,319 + 0,024 mg/kg. N-NO;z ~
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concentration had a difference in months (¥? @ n = 21y = 16,2; p = 0,003),
lowest in November 2018 (0,152 + 0,042 mg/kg) and highest in May 2018
(0,587 + 0,029 mg/kg). N-NO3 ~ concentration was highest at CH2 (0,599
+ 0,119 mg/kg) and lowest at CH20 (0,161 + 0,069 mg/kg), (%% @0.n=5 =
56,3; p < 0,0001). P-PO, 3~ concentration from 0,103 to 4,532 mg/kg and
mean 1,336 + 0,085 mg/kg, highest in January 2019(1,933 + 0,198 mg/kg)
and lowest in July 2018 (0,968 + 0,144 mg/kg), (x® @4, n=21) = 16,2; p =
0,003). P-PO,4 3~ concentration was highest at CH21 (3,063 + 0,604
mg/kg) and lowest at CH19 (0,596 + 0,259 mg/kg), (32 20, n=5 = 42,5;p =
0,002).
3.2. Morphological characteristics, distribution, and reproduction of H.
beccarii in the Cau Hai lagoon
3.2.1. Morphological characteristics of H. beccarii

H. beccarii in the Cau Hai lagoon has shoot length ranged of 2,3 —
49,1 mm, mean of 15,1 £ 0,3 mm. There are of 4 - 12 leaves per shoot, the
average is 6,6 + 0,07 leaves. Rhizomes internode length is of 6,6 — 30,7
mm, mean of 16,7 + 0,3 mm. Rhizome diameter of 0,25 — 1,0 mm, mean of
0,6 £ 0,01 mm. The leaves of H. beccarii are long elliptical, the leaf length
is from 2.0 to 25.9 mm and the average is 17.4 = 0.1 mm; leaf width is from
0.3 to 2.6 mm, the average is 1.7 + 0.01 mm. The leaf has three longitudinal
veins, the veins run parallel and converge at the leaf tip, the leaf had no
transverse veins. The petiole is longer than the leaf and has a length of 3.7 -
39.0 mm, with an average of 18.9 £ 0.3 mm.
3.2.2. The distribution of H. beccarii

The seagrass H. beccarii species was presented in 13/21 survey sites.
The average values of cover, biomass, and shoot density of H. beccarii in the
Cau Hai lagoon were determined of 37,8 + 3,4 %, 13,6 + 1,6 g DW m"™ 2,

1.923,6 + 211,2 shoot/m?, respectively. Statistical analysis results showed that
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the meadows of the species had significant differences in coverage (X2 (12,n=11
= 42,6, p < 0,0001), biomass (32 (12, n = 11y = 41,5, p < 0,0001), and shoot
density (%2 (2,n=11) = 41,9, p < 0,0001) at sampling sites. Coverage, biomass,
and shoot density of H. beccarii were highest at CH1 of 76,2 £ 9,8 %, 26,2 +
6,1 g DW m™ 2, 3388,3 £ 634,9 shoot/m? and lowest at CH17 of 6,4 + 6,4 %,
1,36 + 1,36 g DW m™ 2, 755,1 + 755,1 shoot/m?, respectively. There was a
significant difference in coverage (%2 (0, n = 13y = 53,3, p < 0,0001), shoot
density (%2 (10,n=13 = 57,2, p < 0,0001), and biomass in months (%2 (10, n =13 =
66,9, p < 0,0001. Coverage, shoot density, and biomass of the species, all
peaked in January 2019 of 77,1 £ 10,2 %, 5527 + 1082,2 shoot/m? and 39,4 +
8,5 g DW m™ 2, respectively. The lowest coverange and density were the
lowest in July 2019 with 4,9 £ 2,6 %, 224 + 114,9 shoot/m?, respectively, but
biomass was the lowest in November 2019 of 2,3 £ 1,6 g DW m™ 2. Our
survey results in two years 2018 and 2019 combined with the records of Phan
Thi Thuy Hang (from 2015 to 2017) could see that, the distribution of
seagrass H. beccarii species in the Cau lagoon had unclear seasonality. The
growth of H. beccarii started from the early rainy season of the previous year
and lasted until the end of the dry season of the following year, in which, the
period with biomass, coverage, and high shoot density was from November
2018 to March 2019. The study showed that salinity and water temperature
were correlated with the biomass of H. beccarii (r = -0.3, p = 0.03, n = 39)
and (r) = -0.4, p = 0.006, n = 39). The biomass of the species was strongly
correlated with precipitation (r = 0.8, p = 0.05, n = 6). Therefore, with the
conditions of salinity (0.1 - 20.6%o0) and water temperature (20.7 - 34.8 °C) of
Cau Hai lagoon, the biomass of H. beccarii increased with increasing
precipitation nad the salinity and water temperature decrease.

3.2.3. Reproductive characteristics of H. beccarii

3.2.3.1. Traits of reproductive organs of H. beccarii
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H. beccarii in the Cau Hai lagoon was monoecius. The male of the plant
arise at the apex of the shoot. The young male were surrounded by two
spathes. Male had peduncles length up to 9.8 mm, with 3 light brown petals,
the petals were elliptical, convex, oblong. Each male had 3 anthers, the
anthers had no stalk. The pollen grains of H. beccarii had an elongated oval
shape with chains of 2-8. The female had no flower stalk, located deep in the
leaf axils, inside the flower had an ovary with a size of 1.4 x 3.8 mm, the
ovary contained from 2 to 4 ovules. The female had a style length from 13-18
mm, the top of the style was divided into two branches, the end of the
branches was curled up like tassels. The fruit was oval, curved at the top, the
top of the fruit had a short curved proboscis. Each fruit contained from 1 to 4
seeds, the seeds were oval in shape;tThe seed coat was dark brown and
reticulated veins.
3.2.3.2. Flowering, fruiting, and seed of H. beccarii

H. beccarii in the Cau Hai lagoon had the density of male, female,
fruit, and seeds with 9.3 + 2.7 flowers/m2, 6.4 + 2.1 flowers/m2, 11.9 + 4.6
fruits/m2, 16.5 £ 6.6 seeds/m?, respectively. Male, female, and fruits of the
species were the highest density at CH5 of 17.5 + 9.8 flowers/m?, 12.3 + 8.8
flowers/m?, 20.9 £ 17 fruits/m2, respectively, while the highest fruit density
recorded at the CH20 was 29.7 + 23.8 fruit/m2. At CH13 site, flowering was
observed only in May 2018 with the number of male, female, fruits, and
seeds was low of 9.3 + 1.3 flowers/m?, 64 + 29.4 flowers/m?, 20 + 6.1
fruits/m2, 26 + 5.2 seeds/m?, respectively. During the study period, we
found that flowers and fruits of H. beccarii were observed from March to
June 2018 and from February to March 2019. Statistical analysis showed
that there was a significant difference in male density (¥2 (14,0 =5 = 27,8, p
=0,01), female (%2 (14, n=5 = 27,8, p = 0,01), fruit (32 qa.n=5=31"7,p=
0,004), and seed (%% (14, n = 5) = 31,7, p = 0,004) in months. In 2018,

flowers, fruits, and seeds of H. beccarii were observed from March. In
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April, the species had the highest density of flowers, fruits, and seeds with
the number of male, female, fruits, and seeds of 50.1 + 22.8 flowers/m?,
44.4 + 23.7 flowers/ m2, 72.2 + 46.6 fruits/m?, 87.8 *+ 49.4 seeds/m?2,
respectively. Then, the number of flowers, fruits, and seeds of the species
decreased sharply in the following months and the lowest in June was
15.1 + 11.2 flowers/m?, 6.2 + 4.7 flowers/m?, 4 + 4 fruits/m2, 5.6 + 5.6
seeds/m?, respectively. In 2019, flowers, fruits, and seeds were observed
in February with the density of male flowers, female flowers, fruits, and
seeds of 30.1 + 20.2 flowers/m?, 15.5 + 11.6 flowers/m?, 4.4 + 4.4
fruits/m?, 6.1 + 6.1 seeds/m?, respectively. The density of flowers
decreased sharply in March with 10.0 £ 6.1 flowers/m?, 5.1 £+ 3.1
flowers/m?, respectively; but the fruit and seed density was higher than in
February, respectively 43.1 + 30.3 fruits and 52.5 £ 34.1 seeds,
respectively. The water salinity had a moderate correlation with the
density of flowers, fruits, and seeds (r = -0.5, p < 0.05; n = 13) of H.
beccarii. In the distribution area of the species in the Cau Hai lagoon with
water salinity from 0.1 to 20.6%o, the increase salinity would reduce the
density of flowers, fruits, and seeds of the species.
3.3. Morphological characteristics, distribution, and reproduction of N.
indica in the Cau Hai lagoon
3.3.1. Morphological characteristics of N. indica

Najas indica (Willd.) Cham. in the Cau Hai lagoon, the shoot length
was up to 156 cm, with an average of 44.6 + 2.9 mm; shoot diameter from 0.2
to 0.7 mm and the average of 0.6 £ 0.01 mm. The main shoot consisted of
many internodes, the internodes length was from 0.2 to 81.1 mm, with an
average of 36.9 + 1.7 mm. Leaves grew opposite, hard, and brittle; serrated
leaf margins; leaf length from 8.7 to 4.3 mm. The roots of N. indica were

cluster roots, the roots could grow from the shoot nodes.
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3.3.2. The distribution of N. indica

The N. indica species was widely distributed in the Cau Hai lagoon,
presented in 10/21 sites with an average coverage of 22.7 £ 3.5% and biomass
of 31.7 £ 59 g DW m™ 2. The biomass and coverage of the species had a
difference at sites (x2 @, n =11 = 22,2, p = 0,008), (x? 9, n=11=255,p =
0,002), respectively. Four sites including CH4, CH11, CH12, and CH18 had
abundant N. indica meadows with high coverage of 48.1 + 14%, 43.1 £
13.3%, 26.8 £ 13,7 %, 24.4 £ 11.8%, and biomass of 66.5 +22.9 g DW m™ 2,
65.6+£245¢DWm 2,546 +31,2gDWm™ 2 365+£143gDWm™ 2
respectively, (TB % SE, n = 11). Remaining 6 sites had N. indica to grow with
the seagrass H. beccarii, so the N. indica species had a lower coverage and
biomass, the lowest was recorded at CH19 (5.1 + 5.1 %; 1.9 + 1.9 g DW
m~ 2). The distribution area of the N. indica meadows was expanded
corresponding to the number of distribution sites of the species increased from
May 2018 (3 sites) to September 2018 (9 sites), then decreased to 3 sites in
the following in January 2019. However, during the survey trip in March
2019, the number of species presence sites increased again to 7 sites, then
decreased to 4 sites in May 2019 and the species completely disappeared from
July to November 2019. The coverage of N. indica gradually increased from
May 2018 (23.3 + 12.5%), July 2018 (49.3 + 15.1%), the species had a
highest coverage in September 2018 (58.3 + 10.8 %), the species continued to
maintain high coverage in November 2018 (51.5 £ 14.5%). In January 2019,
the coverage of N. indica decreased sharply (6.7 + 3.6%), however it
increased in March 2019 (36.8 + 14.4%), the coverage of the species
continued to significantly decreased in May 2019 (26.7 + 12.1 %), ("2 (10, n
=10) =45.9, p < 0.0001). The biomass of the species reached its maximum in
July 2018 (93.6 +35.6 g DW m™ 2), and the lowest in January 2019 (5.5 +2.9
g DW m™ 2), (%2 (10,n =10 = 47,9, p < 0,0001), from July to November 2019,

the species was decayed completely with a biomass of 0 g DW m™ 2
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Coverage and biomass of N. indica had a weak correlation with
water salinity (r = 0.28, p = 0.007, n = 90; r = 0.32, p = 0.01, n = 90) and
temperature (r = 0.26, p = 0.01, n = 90; r = 0.28, p = 0.02, n = 90). In the
range of distribution salinity of N. indica (< 15%o) and water temperature
(20.7 - 34.8 °C) of the Cau Hai lagoon environment, the biomass and
coverage of the species increased with increase of salinity and temperature,
however, this correlation was weak. Biomass of N. indica was closely
correlated with air temperature (r = 0.71; p = 0.04); the biomass of N. indica
increased with the air temperature increases.

3.3.3. The reproductive traits of N. indica

N. indica is a monoecious species. The large female flower is located
in the leaf sheath, the flower has a pistil, the ovary contains a large, long
oval ovule. Small male flowers are located in the leaf sheath, each flower
has 3 long filament and an oval anther, the pollen grains are spherical. The
fruit has a long oval shape, each containing one seed. Seeds are long oval;
the seed coat is brown and has hexagonal veins. The study showed that N.
indica in the Cau Hai lagoon has a high seed density (2765 + 790 seed/m?)
and changed in space and time. Seed density had a significant difference in
the survey months (FA, x%9, n = 100 = 31,9, p < 0,0001), the lowest in May
2018 and July/ 2018 was of 94.5 £ 21.1 seed/m? and 83.5 + 12,7 seed/m?,
and the highest was in September 2018 (7811.6 + 4893.9 seed/m?) and
November 2018 (7831.2 + 4646.8 seed/m?). There was a difference in the
seed density at sites (FA, %29, n = 10) = 50.94, p < 0.0001). The highest sees
density was at CH4 (16739.6 + 5662.2 seed/m?), and lowest at CH19 (103.3
+ 31.7 seed/m?). The results of examining the correlation between the seed
density of N. indica with the coverage, biomass and environmental factors
showed that the seed density was moderate correlated with the coverage (r =

0.4, p < 0.0001, n = 80) and biomass (r = 0.4, p < 0.0001, n = 80) of the
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species. Seed density increased with the increase of coverage and biomass
the species. Seed density in the sediments of N. indica was correlated with
water environmental factors such as temperature (r = -0.3, p = 0.003, n =
80), turbidity (r = -0.3, p = 0.006, n = 80), and depth (r = 0.3, p < 0.0001, n
= 80). The seed density of N. indica was closely correlated with rainfall (r =
0.7,p=0.03,n=38).
3.4. The effect of salinity on growth of H. beccarii and N. indica in the
cultural condition
3.4.1. The effect of salinity on the growth of H. beccarii

* Survival and growth rate of H. beccarii

Rhizome fracgments of H. beccarii were collected from the Cau Hai
lagoon were grown at salinity levels of 0%o, 5%o, 10%o, 15%o, and 20%o.
Experimental results showed that the salinity had an effect on the survival
of H. beccarii thizome fragments. The rhizome fragments of H. beccarii
survived and continued the growth in the salinity range from 0%o to 20%o.
There was a significant difference in survival rate of H. beccarii rhizome
fragments at different salinities (ANOVA, F = 14.04, p < 0.0001).
Rhizomes of H. beccarii had survival rate of 100% at salinity of 5%o and
10%o, this rate was significantly reduced at salinity of 15%o and 20%o of
81.3 £ 2.1% and 66.7 + 3.4%, respectively, the lowest survival rate at 0%o
salinity was of 33.3 + 3.4%. The growth rate of H. beccarii rhizomes was
significantly different at salinities (FA, ¥%4. n=128) = 134.1, p < 0.0001). The
growth rate of the species was maximum at 10%o (4.4 £ 0.2 mm/day) and
lower at salinities at 5%o (3.45 + 0.15 mm/day), 15%o (3.9 £ 1.2 mm/day),
and 20%o (3.3 + 0.2 mm/day), at 0%o the species had the lowest growth rate
(0.9 £ 0.1 mm/day).

18



*Morphological characteristics of H. beccarii at experimental
salinities
There was a significantly different about leaf length (ANOVA, F =
60,9, p < 0,0001), petiole length (ANOVA, F = 35, p < 0,0001), leaf width
(ANOVA, F = 23.5, p < 0.0001), and shoot length (ANOVA, F =92.7, p <
0.0001) of H. beccarii in experimental salinities. At the salinity of 10%. and
15%o the species had leaf length (20.5 + 0.3 mm; 20.1 + 0.3 mm), and longest
petiole length (18.9 + 0.4 mm; 18,3 + 0.3 mm), largest leaf width (2.6 £ 0.05
mm; 2.5 + 0.06 mm). In contrast, at the salinity of 0%o, the species had the
shortest leaf length (15.8 = 0.2 mm) and petiole length (14.2 £ 0.3 mm), and
the smallest leaf width (2.08). £ 0.04 mm). The shoot length of the species
reached a maximum at salinity of 10%o (23.1 & 0.7 mm), and the lowest was
of 0%o (8.9 = 0.2 mm). After 2 - 3 days of planting the species began to form
new shoot which brought from 3 to 4 leaves. The number of leaves per shoot
from 2 to 12 leaves and an averages of 7.2 + 0.1 leaves. The number of leaves
was a significantly different at salinities (FA, [ 4 ,=40) = 87.2, p < 0.0001).
The highest number of leaves recorded at salinity of 10%0 was 8.7 + 0.2
leaves, in the remaining salinities, the number of leaves was lower and the
lowest recorded at 0%o was 5.0. = 0.2 leaves. Therefore, the values of
morphological characteristics (leaf length, leaf width, petiole length, and
shoot length) were maximum at 10%o salinity and lowest at 0%o. Leaf width
tended to be wider at salinity > 10%o; while the highest shoot length was
recorded at salinity of 5-10%o.
* The number of shoots and the accumulated biomass of H. beccarii
The number of shoots of H. beccarii at different salinities was
determined after 8 weeks of experimental period. Statistical analysis results
showed that there was a significant difference in the number of shoots of H.

beccarii at different salinities (ANOVA, F = 26.39, p = 0.0001), in which the
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number of shoots was the highest at salinity of 5%o (466 + 50.03 shoots) and
10%o (351.5 £ 30.6 shoots), the number of shoots decreased significantly at
15%o (219 + 25.1 shoots) and 20%o (170 + 31.1 shoots) and the lowest number
of shoots at 0%o (43.0 + 63.3 shoots). The number of shoots of H. beccarii
was determined at the end of the experiment (after 12 weeks). The number of
shoots of the species was a significantly different at the experimental salinities
(ANOVA, F = 32.22, p < 0.0001). The highest number of shoots was
recorded at salinity of 5%o (955,00 £ 131,23 shoots), the number of shoots
decreased significantly at salinity of 10%o (224.5 + 77.4 shoots), 15%o (74.5
+ 36.8 shoots), 0%o (25.8 £ 7.5 shoots) and low at salinity of 20%. (10.5 +
7.1 shoots). Therefore, the salinity of 5-10%o the H. beccarii species had the
highest number of shoots, in which the difference in number of shoots at
salinity of 5%o compared to other salinities was quite large. Salinity effected
on the number of shoots thus which effected on the accumulated biomass of
H. beccarii. Statistical analysis showed that there was a significant
difference in the cumulative biomass of H. beccarii at different salinities
after 12 weeks of the experimenta period (ANOVA, F = 19.2, p < 0.0001).
The biomass of H. beccarii was highest at salinity of 5%o was 4.65 + 0.48 g
DW, the biomass of the species tended to decrease at salinities of 10%o,
15%o, and 20%o with 80 + 0.68 g DW, 1.18 £ 0.36 g DW, 0.36 £ 0.29 g DW,
respectively. The lowest species biomass recorded at 0%o was 0.23 + 0.06 g
DW. This result showed that the salinity level of 5%0 was the highest
cumulative biomass of the H. beccarii species.

3.4.2. The effect of salinity on the growth of N. indica

* Survival and growth rate of N. indica

Survival rate of N. indica shoots was a significantly difference at the
salinities (ANOVA, F = 189.7, p < 0.0001). In the first week after growing,
the N. indica shoots were completely dead at the salinity of 20%o0 and 25%.o,

20



the remaining salinities the survival rate of shoots gradually decreased with
increase of the salinity from 0%o, 5%o. , 10%0, and 15%. were of 75.50 +
247 %, 70.75 £ 5.25%, 65.50 £ 2.06%, and 23.75 + 1.44%, respectively.
Experimental results showed that N. indica from Cau Hai lagoon survived
and continued to grow at the salinity from 0%o to 15%o. The salinity of 20%o
and 25%o wich the N. indica shoots were completely died. N. indica has the
highest growth rate at 10%o salinity of 13.18 + 0.68 mm/day and lowest at
15%o salinity of 8.98 + 0.55 mm/day, (ANOVA, F = 9.3, p < 0.0001). The
survival and growth rate of N. indica in this experiment showed that the
ecological limit on salinity of the species was 0 - 15%o, in which 10%o0 was
the most suitable salinity for the growth of N. indica species.

* Morphological characteristics of N. indica at experimental
salinities

Statistical analysis showed that there was a significant difference in
salinities in shoot length (ANOVA, F = 67,4, p < 0,0001), leaf length
(ANOVA, F = 20,5, p < 0,0001), number of branch (ANOVA, F=23,9, p <
0,0001), and number of internodes per shoot (ANOVA, F = 34,5, p <
0,0001). The highest shoot length of N. indica was recorded at 10%o salinity
(743.9 £ 5.5 mm), the shoot length was the lowest at 15%o (508.6 mm). The
leaf length was longest at salinity 0%o (25.67 + 0.35 mm), leaf length tended
to decrease with increase of salinity and the lowest was determined at 15%o
(21.3). £ 0.3 mm). The number of branches of the species was highest at
salinity 5%o (27.7 £ 1.6 branches) and lowest at 15%o (15.9 £ 0.9 branches).
But the highest number of internodes was recorded at the salinity of 10%o
(28.1 + 0.2 internodes) and the lowest at 0%o (20.8 £+ 0.3 internodes) and
5%o (20.3 £ 0. 9 internodes). The shoot length and the number of branches
had the maximum value at salinity from 5 to 10%o. While the number of
internodes had a higher value at 10 - 15%o salinity and leaf length tended to

decrease with increasing salinity.
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* The accumulated biomass of N. indica

Experimental results showed that the biomass of N. indica at
salinities 0%o, 5%o, 10%o, and 15%0 were 0.80 + 0.19 (g DW), 5.84 £ 0.51 (g
DW), 5.99 £ 1.03 (g DW), and 3.19 + 0.26 (g DW), respectively. Statistical
analysis showed that the biomass of N. indica was significantly different at
salinity levels (ANOVA, F = 17, p < 0.0001). The highest species biomass
was recorded at salinity 5%o-10%o and the lowest at 0%o.

3.4.3. Effect of salinity on seedling germination and growth of
seedlings of N. indica

* The number of seedlings of N. indica

Seedlings of N. indica species were observed at salinities 0%o, 5%o,
10%o, and 15%o, at the salinity 20%o0 no seedlings were recorded during the
experiment period. Statistical analysis showed that the number of seedlings was
significantly different in salinities (AVOVA, F =94.9, p < 0.0001). The number
of seedlings was higher at salinity 0%o (50 & 2.5 seedlings) and highest at 5%o
(104.7 £ 5.5 seedlings). The number of seedlings of the species significantly
decreased at the salinity of 10%o (32.3 + 3.8 seedlings) and the lowest was
recorded at 15%o (13 + 3.8 seedlings). This result showed that the salinity
requirement for seedling germination from seeds of the N. indica species was
quite low (0 - 5%o), in which 5%o was recorded as the most suitable salinity.

* Seedling growth of N. indica

Statistical analysis results showed that the growth rate of seedlings of
N. indica species was significantly different at salinities (ANOVA, F = 8.3,
p < 0.0001). The seedling growth rate was maximal at salinity of 5%. (3.2 £+
0.5 mm/day) and significantly decreased at 0% (1.9 = 0.3 mm/day) and
10%o ( 1.7 + 0.2 mm/day), the lowest seedling growth rate was recorded at
15%o salinity (1.0 = 0.2 mm/day). This result showed that the number of
seedlings and the growth rate at the seedling stage of the N. indica species
both peaked at salinity of 5%o0 and 0%o. At the salinity from 10 to 15%o, the

number of seedlings and the growth rate of seedlings were significantly
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lower, and the lowest was at 15%o. Thus, the most suitable salinity for
growth at seedling stage of N. indica species was 0 - 5%o.

There were significant differences in several morphological
characteristics of seedlings such as seedling length, number of internodes,
and leaf length (ANOVA, p < 0.0001). Seedling length and number of
internodes were maximum at salinity of 5%o (82.7 = 2.7 mm; 5.5 + 0.2
internodes) and lowest at salinity of 15%0 (25.7 £ 2.6 mm; 2.6 £ 0.2
internodes). The longest leaf length of seedlings was recorded at salinity
0%o (25.4 + 0.8) and tended to decrease with increasing salinity from 5%,
10%0 and 15%0 was 23.3. + 0.7 mm; 21.5 + 0.7 mm; 21.6 = 0.6 mm,
respectively. Thus, the results of this experiment showed that salinity had a
clear effect on seedling germination from seeds in the N. indica species.
Seeds of the species only germinate and form seedlings at the salinity range
from O - 15%o. In which, the range of the salinity from 0%o to 5%o was the
most suitable. This result proved that the salinity requirement for
germination and growth in the seedling stage of the N. indica species from
the Cau Hai lagoon was significantly lower (0 - 5%o) than in the adult stage
(5 - 10 %o).

CONCLUSIONS AND RECOMMENDATIONS

1. Conclusions

1. Environmental factors (salinity, temperature, depth, turbidity,
pH, N-NO3 ~ and P-PO, 3™ in water and sediments) in the Cau Hai lagoon
had spatial and time change, in which salinity, water temperature, and depth
were most clearly change. The salinity ranged from 0.1 to 20.6%o, reached
low values in the rainy season and at areas near the mouth of Dai Giang
river, Truoi river, Cau Hai river (northwest of the lagoon); salinity was
higher in the dry months and at areas in the southeast of the lagoon. Water
temperatures ranged from 20.7° C to 34.8° C with an average seasonal

variation of about 7.8° C and between survey sites about 2° C. The depth at
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the survey sites ranges from 0.2 - 2.4 m with an average value of 1.2 m. The
depth of the rainy season was greater than that of the dry season, with the

largest difference between the two seasons was 0.8 m.

2. The seagrass H. beccarii was widely distributed in the Cau Hai
lagoon and change in space and time. The H. beccarii populations
distributed mainly in the center of the lagoon towards the southeast — an
area with high and stability salinity (10.4 — 12.8%o) of the lagoon. The
distribution of H. beccarii was seasonal, and the growing season of the
species started from the early rainy season of the previous year and lasted
until the end of the dry season of the following year. The period when the
species populations were abundant that coincided with the rainy season
months (from September 2018 to March 2019), in which coverage, density,
and biomass of the species peaked in January 2019. Salinity , water
temperature, and rainfall were factors that effected on the distribution of H.

beccarii in the Cau Hai lagoon.

Sexual reproduction of H. beccarii only occurred only in several coastal
populations and was seasonal. The flowering and fruiting period of the
species coincided with in the dry months (from February to June), in which
the highest density of flowers, fruits, and seeds in April 2018. Water salinity
was a factor which effected on the flowering, fruiting, and seeds of the H.

beccarii species in the Cau Hai lagoon environment.

3. The N. indica species also had a wide distribution in the Cau Hai
lagoon and had strong change in space and time. The N. indica populations
were mainly distributed in the lagoon area in the northwest of the lagoon —
the area near the estuaries with low salinity (<15%o). The distribution of N.
indica was clearly seasonal, the growth season of the species coincides with
the dry season. Temperature, water salinity, and air temperature were
factors which effected on the distribution of N. indica. The water salinity

was the factor which effected on the distribution space of the species, while
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the water temperature and the air temperature were the factors which

effected the seasonal change of the species in the Cau Hai lagoon.

The N. indica had a relatively high seed density in the sediment
(2,765 £ 790 seeds/m?) and seed density changed in space and time. Seed
density was higher from September to November 2018 at sites CH4 and
CHI11; the seed density was lowest from May to July 2018 at site CH19.
Water temperature, depth, turbidity, and precipitation were the
environmental factors which effected on the seed density change of N.
indica in the Cau Hai lagoon.
4. In the cultural condition, the salinity had a strong influence on the growth of
both H. beccarii and N. indica. H. beccarii had the ability to survival and
growth at salinity from 0%o to 20%o; while N. indica was able to survival and
growth at salinity from 0%o to 15%o. The most suitable salinity for the growth of
both species had been determined to be from 5 — 10%o. Seedling germination
from seeds in sediments in the N. indica species occurred at salinity from O -
15%o. In which, the range of the salinity from 0%o to 5%o was most suitable for
seedling germination and seedling growth of the N. indica species collected
from the Cau Hai lagoon.

2. Recommendations

In order to have sufficient information as a scientific basis for
protect, restore, and develop submerged aquatic vegetation in the Cau Hai

lagoon, we have the following recommendations:

- Study on the formation of seedlings from seeds and the growth of
seedlings in two species H. beccarii and N. indica in natural environmental

conditions of the Cau Hai lagoon.

- Research on reproductions (asexual and sexual) combined with
population genetic diversity analysis, thereby assessing the contribution of
reproductions to maintaining and restoring populations submerged aquatic

vegetation in the Cau Hai lagoon.
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