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LOI CAM DOAN

T6i xin cam doan dé tai nghién citu trong ludn van ndy la cong trinh nghién
clru cua toi dua trén nhitng tai liéu, s6 lidu do chinh t6i tw tim hiéu va nghién cuu.
Chinh vi vdy, cdc két qua nghién ciru ddm bdo trung thuc va khdch quan nhat.
Pong thoi, két qud nay chua tirng xudt hién trong bat cir mét nghién ciru nao. Céc
6 lidu, két qua néu trong lugn van la trung thuc néu sai t6i hoan chiu trach nhiém

truoc phat luat.

Hoc vién

Nguyén Thi Kim Tién
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LOI CAM ON

Véi dé tai “Phdn Idp va tuyén chon cdc chiing vi khudn tia quang hop cé
khda nang cé dinh nito phén tir va sin sinh chét kich thich sinh trwéng IAA lam
co sé tao ché phdam phan vi sinh cho lia” d¢ hoan thanh duoc, khong chi 13 sy nd
luc c4 nhan t6i ma 1a ca cac tap thé da tao didu kién, giup d&, hudng dan toi.

Pau tién, t6i xin gui 10i cam on siu sic nhat dén TS. D6 Thi Lién va
PGS.TS. Lé Thi Nhi Cong, di tan tinh theo sat, dinh huéng, chi dan ngay tir nhirng
ngay dau dén viéc gop ¥, diéu chinh va hoan thién luan van.

To1 xin chan thanh cam on céc can bg va cac ban sinh vién tai phong Cong
ngh¢ sinh hoc moi truong, Vién Sinh hoc, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam di tao diéu kién, hd tro toi trong qua trinh nghién ctru, dac biét 1a trong
viéc str dung trang thiét bi, thyc hién thi nghiém va xir 1y s6 liéu phuc vu cho d¢ tai.

Dic biét, toi tran trong cam on dén Ban Giam ddc va quy thay co gido giang
day tai Hoc vién Khoa hoc va Cong nghé - Vién Han Lam Khoa hoc va Cong nghé
Viét Nam da hét long giang day va chia sé kién thirc, giup toi hoan thanh chuong
trinh hoc theo diing tién d6 va yéu cau dé ra.

Va khong thé khong ké dén 1a 10i cam on dén gia dinh, cac dong nghiép va
ban lanh dao cong ty noi t6i dang coéng tac da ludn khich 18 t6i trong sudt thoi gian
hoc tap.

T6i cling xin gui 16i cam on dén Ban chu nhiém va cac thanh vién dé tai
“Nghién ctru tao ché phdm phan vi sinh cho lta tir cic chung vi khuan tia quang hop
¢6 kha nang cd dinh nito phan tir, phan giai photphat kho tiéu va san sinh cac chat
kich thich sinh hoc IAA, ALA” M4 sb: 07/2022/TN do TS. B Thi Lién lam chu
nhiém, da hd tro kinh phi, cung cap nguyén vat liéu, diéu kién can thiét va cho phép
t6i khai thac két qua nghién ctru dé phuc vu cho luan vin.

Du da nd lyc hét minh, song van khong tranh khoi nhitng thiéu x6t. Kinh
mong nhan duoc nhitng danh gid, chi bao tir quy thay, ¢6 va cac nha khoa hoc dé toi

khong ngung hoan thién nghién ctru trong thoi gian toi.

Ha Noi, ngay 15 thang 06 nam 2026

Hoc vién

Nguyén Thi Kim Tién
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MO DAU

Viét Nam 13 qudc gia c6 nén nong nghiép phat trién va giit vai trd quan trong
v6i phan 16n dan cu sinh séng ¢ néng thon va 1am néng nghiép. Trong do, lta gao
1a cay luong thue chi luc ctua qubc gia va 1a mat hang xuat khau chién luoc, gop
phan quan trong vao phat trién kinh té, x4 hoi.

Tuy nhién, san xuét lta hién nay dang gip nhiéu khé khin do bién d6i khi
hau. Cay lua la doi tuong rat nhay cam, khi nhi¢t 46 cao hoac thép s0 vO1 ngudng
t6i uu ¢ thé anh hudng dén thoi gian sinh truéng ctia chung, giam ty 1& trd bong va
giam ning suat hat. Hién tuong min hoa va phén héa dat lam suy giam d6 phi nhiéu
dat, (rc ché phat trién bo r& va lam giam tac dung cua phan bon. Ngoai ra, viéc 6
nhiém kim loai ning va tich tu cdc hop chat doc hai trong dat cling lam suy gidm
cac chi tiéu nong hoc va chét lugng hat lua.

Bén canh nguyén nhan do bién d6i khi hau thi hoat dong canh tac nong
nghiép khong bén virng cta con ngudi ciing dang gy suy thoai tai nguyén dat
nghiém trong. Viéc lam dung phan bon hoa hoc va thudc bao vé thuc vat dé tang
nang suit ciy trong trong ngan han da gay ra nhitng hé luy ddi v6i hé sinh thai nong
nghiép nhu gy ra axit héa dat, 6 nhiém nudc, dat va lam suy giam da dang vi sinh
vat séng trong do. PBdc biét, cac ruong lta ngap nudc 1la mot trong nhiing nguén
phat thai khi mé-tan (CHs4) dang ké gay ra su nong lén cta toan cau.

Nhirng thach thirc trén cho thdy viéc phat trién cac giai phap canh tic nong
nghiép bén vimng 1a hét sirc cap thiét. Trong d6, nhém vi khuan c6 loi trong dat ngay
cang dugc quan tam do vai tro quan trong trong kich thich sinh truéng va nang cao
kha ning chong chiu cta cdy trong, cai thién do phi nhiéu dat, ti cdn bang hé sinh
thai ving ré, giam phu thudc vao phan bon hoa hoc, thude trir sau, gitip bao vé mai
truong.

Du vy, cac nhom vi sinh vat nhu vi khuan tia quang hop (VKTQH) vén ¢
kha ning cai tao dat va hd tro sinh trudng cy trong lai chua dugc khai thac va tng
dung rong rai, dac biét tai cac vung d4t nhiém man, nhiém phen.

Nito 1a dudng chét thiét yéu cho cay trong nhung phan 16n ton tai dudi dang
khi N2 ma thuc vat khong hap thy tryc tiép. Viéc str dung phan dam hoéa hoc gitip
cdy phét trién nhanh nhung d¢ lai nhiéu hé luy méi truong. Giai phéap thay thé bén
vitng 1 Gmg dung vi sinh vat c6 dinh nito sinh hoc, chuyén N thanh NH4* dé& hap
thy, dong thoi gop phan cai thién dat va can bang hé sinh thai ving ré.

Ngodi ra, nhiéu chung VKTQH con c6 kha ning san sinh axit indole-3-axetic

(IAA), 1 auxin ty nhién quan trong trong viéc kich thich phat trién ré. Qua trinh



nay chu yéu dién ra théng qua con dudng phu thudc L-tryptophan, trong d6 amino
axit ndy dugc chuyén hoa thanh IAA nhd hé enzyme néi sinh cta vi khuan. Kha
ning sinh TAA khong chi gitip cdy trong c6 thé hip thu dinh dudng tot hon ma con
g6p phan giup gop phan nang cao hiéu qua phan bon va ning suit cay trong & diéu
kién nhim min, nhiém phén, nghéo dinh dudng.

Tai Viét Nam, cic nghién ciru vé phan 1ap, tuyén chon va tng dung céac
chung VKTQH ban dia van con han ché. Phan 16n cac ching dang duogc st dung
hién nay c6 ngudn gdc tir nude ngoai hoic duoc phan lap trong diéu kién phong thi
nghiém nén chua thich nghi cao dugc voi méi trudng tw nhién ngoai dong ruéng. Vi
vay, viéc xay dung mot bo tap hop cac chung VKTQH ban dia c6 kha ning cb dinh
nito va téng hop IAA, dong thoi thich nghi t6t voi khi hau, thd nhudng tai Viét
Nam 12 hét strc cap thiét.

Do d6, chung t6i da tién hanh thuc hién dé tai “Phdn ldp va tuyén chon cdc
chiing vi khudn tia quang hop cé khd ning cé dinh nito phin tir va sin sinh chit

kich thich sinh trwéng IAA lam co sé tao ché phdam phdn vi sinh cho liia”.
Muc dich nghién ctru :

C6 duoc 2—3 ching VKTQH c6 kha ning ¢ dinh nito phan tir va san sinh
IAA tbt nhat dé tng dung lam ché pham phan bon ¢ rudng lta nudc, rudng lua

nhiém min, nhiém phen.

Noi dung nghién ciru:

e Phan l3p cac chung VKTQH

e Tuyén chon chung VKTQH c6 kha ning c¢6 dinh nito phan t

e Tuyén chon ching VKTQH c6 kha ning sinh chét kich thich sinh truong
IAA

e Nghién ctru mot s6 dic diém sinh hoc va phan loai cac ching VKTQH tuyén
chon duogc

e Panh gia anh hudng cia diéu kién nudi cdy dén kha ning cb dinh nito phan
tur; sinh trudng va san sinh chét kich thich IAA cua VKTQH lyua chon



CHUONG 1. TONG QUAN TAI LIEU
1.1. TINH HINH NGHIEN CUU VA SAN XUAT PHAN BON VI SINH

1.1.1.Tong quan vé phén bén vi sinh

Trong nganh ndng nghiép hién dai, viéc st dung qua mirc phan bon hoa hoc
va thubc bao vé thyc vat da 1am ciy trong suy giam kha nang chéng chiu ty nhién.
H¢ qua la chat lugng ndng san bi anh hudng ti€u cuc, déng thoi dat canh tac dan bi
thodi hoa. Cac hoa chat ton du tich tu lau dai trong dat gay ra nhiing nguy co tiém
an d6i véi stc khée con ngudi cling nhu cho méi truong. Vi vdy, viée Gmg dung
phan bon vi sinh 13 mot hudng tiép can bén virng gitp thay thé phan bon hoa hoc
dang dugc rat nhiéu nha khoa hoc quan tam [1].

Téac dong ctiia phan bon vi sinh chil yéu qua cac hoat dong sinh hoc cua vi
sinh vat dat, bao gom qua trinh tiét enzyme, axit hitu co va cac hop chat sinh hoc
khac. Nhitng hoat dong nay khong chi thic day qua trinh khoang hoa va chuyén hoa
dinh dudng trong dat ma con lam thay d6i thanh phan va cau tric quan xi vi sinh
vat viing ré cling nhu hé vi sinh vat ndi sinh cia ciy trong theo hudng gia ting cac
nhém vi sinh vat c¢6 loi [2]. Phan bon vi sinh con bo sung ngudn chat hiru co 1am co
chét cho hé vi sinh dat va cac nguyén té dinh dudng can thiét nhu N, P, K. Thong
qua hoat dong phan giai ctia vi sinh vat, cac hop chat hitu co phirc tap chuyén thanh
dang don gian hon gitp cdy dé hap thu. Chung con gop phan cai thién kha ning
cung cap vi luong va trung luong, ting hiéu qua sir dung dinh dudng va kha ning
thich nghi cua cay trong [3].

Phéan boén vi sinh ¢6 thé chita mot hodc phdi tron nhiéu ching voi chat mang
va str dung truc tiép hodc sau khi qua cac budc xir Iy bd sung. Ngoai ra, con c6 dang
phan bon vi sinh hdn hop duge két hop thém dinh dudng va phan bon hitu co vi
sinh chira nguén hiru co tr tan du sinh hoc. Céc vi sinh vat thuong duoc st dung
gém Rhizobium, vi khuan hoa tan silicat, vi sinh vat hoa tan photphat va mot sd
nhém khéc [3]. Theo béo céo nam 2023, phan bon vi sinh ¢6 ngudn gbc tir vi khudn
dang chiém wu thé trén thi trudng véi ty trong 42,9%, cac ché pham chira vi khuan
¢6 dinh nito duoc str dung rong rai nhat, chiém 27,45% thi phan [4].

Ngay nay, viéc nghién ctru va phat trién phan bén vi sinh da chuyén tir viéc
sir dung don chiing sang phéi hop nhiéu ching nham gitp cac chung ting kha ning
thich nghi va hiéu qua hoat dong trong moi trudng dét [5]. Su két hop giita vi khuan
nbt san (Rhizobium) va nam cong sinh r& dang tai (arbuscular mycorrhizal fungi) 1a

mot vi du dién hinh, trong d6 nhiéu nghién ctru da chiing minh tac dong ro rét doi



v6i su sinh trudng va phat trién cua cdy trong [6]. Cung vé6i d0, viée phan 1ap va
khai thac cac vi sinh vat c6 chirc nang dac hi€u 1a hudng nghién clru trong tam.
Ngoai yéu té ching thi cac cai tién vé vat liéu mang cling dong vai tro khong
nhd gitp nang cao hi€u qua cuia phan bon vi sinh. Cac vat liéu mang hién nay chu
yéu c6 ngudn gdc hitu co hodc khoang nhu than bun nghién, dat sét, gao, cam, hat
gidng va cac nén hitu co phirc hop khac [7]. Trong sb d6, than hoat tinh thu hat
nhiéu sy quan tdm nho cdu trac x6p va dién tich bé mit 16n, giup vi sinh vt bam
dinh va sinh truéng tot hon, gbp phan nang cao hiéu qua sinh trudng cay trong [8].
Ngoai ra, viéc tng dung cong nghé nano ciing dang mé ra nhing trién vong méi.
Céc ché pham vi sinh duoc bao vi nang bang chitosan [9] hodc phu cac nguyén t6 vi
lugng nhu silic, kém, déng, st va bac [10], ting kha nang bdo v¢ vi sinh vat, thuan
tién trong van chuyén va str dung, déng thoi kéo dai thoi gian tac dong va nang cao
hiéu qua. Pay c6 thé duoc xem 1a mot bude tién quan trong trong viéc phat trién

phan bon thong minh trong ndng nghiép hién dai.
1.1.2. Phan VSV c6 dinh dam

1.1.2.1. Tong quan qud trinh cé dinh nito

Nito 1a nguyén t tro kho tham gia phan tmg hoa hoc vdi cac nguyén té khéc.
Tuy nhién, nito lai giit vai tro thiét yéu trong co thé sinh vat, thanh phan céu tao
diép luc, cac axit amin, protein, ciing nhu nhiéu hop chit quan trong khac nhu
adenosine triphosphate (ATP) va céac axit nucleic [11]. Trong tu nhién, nito luon
dugc luan chuyén lién tuc trong mot chu trinh khép kin dudi tac dong cua cac qua
trinh héa hoc va sinh hoc khac nhau. Thong qua cac hoat dong nay, nito phan ti
duoc chuyén d6i thanh cac dang nito v6 co, sau d6 dugc sinh vat déng hoa va tich
Ity du61 dang nito hitu co trong co thé thuc vat va dong vat.

Nito rat quan trong ddi v6i sy sinh truong va phat trién cua thuc vat. Tuy
nhién, dang nito phan tir (N2) trong khi quyén cay trong khong hap thu truc tiép
dugc. Nho qué trinh ¢6 dinh nito sinh hoc ma céac vi sinh vat chuyén hoéa chuyén
hoa N> thanh cac dang nito khtr, chu yéu la ammoniac (NH3) ma thyc vat c6 thé sir
dung [12]. Qua trinh nay duoc xuc tic boi hé enzyme nitrogenase do vi sinh vét cb
dinh nito tong hop, cho phép khir N2 thanh NH3 dudi cac didu kién sinh hoc dic thu
[13].

Trong dét, cadc nhom vi sinh vat ¢d dinh nito gém ca vi khuan cong sinh nhu
Rhizobium va Frankia, va cic vi khuan song tu do hodc khoéng cong sinh nhu
Azotobacter cung mot s6 nhom vi khuan ¢b dinh nito khac. Céc vi sinh vat nay su

dung ngudn co chat va dinh dudng tir phan bon vi sinh dé duy tri hoat dong trao d6i



chét, qua d6 thuc hién qua trinh chuyén hoa nito khi quyén thanh amoniac, gop
phan bd sung ngudn nito d& hip thu cho cdy trong [1].
1.1.2.2. Qud trinh c6 dinh nito phén tiv

bay la qua trinh chi dugc thuc hi¢n bdi mot s6 sinh vét nhan so chuyén hoa,
nito phan tir (N2) trong khi quyén duoc chuyén héa thanh dang nito khir, chi yéu 1a
amoniac (NH3). Co ché nay duoc Beijerinck ghi nhan 1an dau vao nam 1901, dit
nén moéng cho hiéu biét vé vai trd cta vi sinh vét trong chu trinh nito tu nhién. Cubi
thé ky XIX, Jodin da dua ra gia thuyét vi khuan c6 thé chuyén hoa nito khi quyén
thanh dang co thé sur dung dugc cho sinh vat. Khoang ndm 1900, cac vi khuan cb
dinh N> dau tién da duoc phan lap thanh cong. Nam 1934, Burk dua ra thuat ngi
“nitrogenase” dé chi hé enzyme xtc tac phan tng khir nito phan tir, md dau cho cac
nghién ctru vé hoat dong cta enzyme ndy trong té bao sdng. Pén nam 1960, viéc
phat trién phuong phap tach chiét nitrogenase ¢ trang thai hoat dong di tao tién
nghién ctru chuyén sau vé co ché xtic tic va cau tric ciia enzyme cho cic giai doan
tiép theo.

Phuong trinh tong quat:

N, + 8H* + 8e~ + 16 MgATP — 2NH; + H, + 16 MgADP + 16P,

Phan tng trén cho thdy qua trinh ¢b dinh nito khi quyén tiéu tén nhiéu nang
lugng, can 16 phan tir ATP cho mdi phan tir N2 dugc khir. Nguyén nhén 14 do phan
tlr nito ¢6 cau tric rat bén, lién két cong hoa tri ba (N=N), khién N, ¢6 tinh tro hoa
hoc cao. Nitrogenase c6 kha nang pha v lién két ndy va xtc tic qua trinh gan hydro
dé tao thanh amoniac. Vé cau tric, phirc hop nitrogenase gdm: Mo-Fe protein va Fe
protein. Mo-Fe protein 13 trung tdm gan co chét va truc tiép xuc tac qua trinh khu
H* va Na dé tao H, va NH;. Fe protein c6 vai tro tiép nhan electron tir ferredoxin,
thuy phan ATP va truyén electron t6i protein FeMo. Su tuong tac gitta hai protein
nay tao thanh mét phirc hop chirc ning, ciu trac cta chung da dugc nghién ciu va
két tinh thanh cong [14].

Céc vi sinh vat cb dinh nito rit da dang gé)m: sinh vat séng tu do trong dat
nhu Azotobacte, cac sinh vat séng trong mdi truong nudc va quang hop nhu vi
khuan lam, cac vi khuan lién két voi 18 ciy nhu Azospirillum va dic biét 1a cac vi
khudn cong sinh, tiéu biéu 1a Rhizobium va Bradyrhizobium hinh thanh nét san &
cay ho Pau [15]. Ngudn ning luong c6 dugc nhd qua trinh oxy hoa cic hop chat
hitu co, trong d6, vi sinh vat sdng tw do phai phu thudc vao ngudn cacbon hitu co tir
moi trudng, con cac vi sinh vt quang hop st dung san phdm quang hop. Vi khuan

cong sinh nhan tryc tiép chit dinh dudng tir cay thong qua ndt san r& [16].



1.1.2.3. Céc chiing VSV cé khd néng cé dinh nito phén tir

Vi sinh vat ¢6 kha ning cb dinh phan tir N2 chiém khoang 78,16% thé tich
khi quyén, thanh c4c dang nito khir, cung cép dinh dudng cho sinh vt trong hé sinh
thai [17]. Hoat dong nay dong vai tro then chét trong chu trinh nito toan cau, voi
lwong cb dinh nito trong tu nhién khoang 2,4x10® tn, cao gip nhiéu lan so vé6i tong
lwong nito duoc san xuit thong qua con dudng cong nghiép [18].

Dua vao mbi quan h¢ sinh thai véi thuc vat, chung dugc chia thanh hai nhém
chinh gé)m: nhom séng tu do, hoi sinh va nhém cdng sinh. Vi sinh vat ¢ dinh nito
song tu do va hoi sinh rat da dang vé sb loai, phan b trong dit, nudc va ving ré cay
trong. M6t s chi vi khuan trong nhém nay di duoc nghién ctru twong ddi sau va co
tiém nang trong tng dung san xuat phan bon vi sinh. Vi khuan di dudng trong dat
¢6 thé ¢ dinh nito ma khong can su tuong tac truc tiép véi cac sinh vat khac, dién
hinh nhu cac chi Azotobacter, Bacillus, Clostridium va Klebsiella. Chung chii yéu
thu nhan nang luong tlr viéc oxy hoa cac hop chat hiru tir méi trudng. Bén canh do,
mot sd loai séng ty do con c6 thé séng kiéu hoa dudng vo co, ngudn nang luong tir
cac hop chat vo co [11].

Enzyme nitrogenase nhay cam voi oxy, nén cac vi sinh vat séng nay hoat
dong t6t nhat trong diéu kién ky khi hodc vi hiéu khi. Do khan hiém vé nguén
cacbon va ning lugng nén dong gdp cua ching vao téng luong nito ¢d dinh toan
cau khong 16n. Tuy nhién, tai Uc c6 mot s6 nghién ctru trén hé théng canh tac ludn
canh Iia mi tham canh cho thay cac vi sinh vat séng ty do c6 thé cung cap khoang
20 kg N/ha/nim, twong duong 30 — 50% tong nhu cau nito cta cay trong [19]. Viéc
duy tri tan du rom ra lta mi trén dong rudng két hop véi giam cuong do lam dat da
tao ra moi truong gidu cacbon nhung nghéo nito, qua dé thuc day cac vi sinh vat
nay hoat dong manh mé hon [11]. Ngoai ra, nhiéu vi khuan vung ré nhu
Azospirillum thudng lién két véi cac ciy thudc ho Poaceaebao nhu ngd, lta, lta mi
va yén mach. Chung cb dinh dang ké lugng nito trong vung ré& (rhizosphere) cla
cay chu véi hiu sudt di dugc ghi nhan dat t6i 52 mg Na/g malate.

Mirc d6 ¢b dinh nito phu thudc nhiéu yéu t6 nhu didu kién moi trudng, kha
ning cung cip chat hitu co tir cdy chi, mtc oxy hoa trong ving ré, ning luc canh
tranh ctia vi khuén, cling nhu hiéu qua xtc tic ciia enzyme nitrogenase. Nhiéu vi
sinh vat ¢6 dinh nito thong qua mdi quan hé cong sinh véi ciy chu, trong d6 cay
cung cip cac hop chit cacbon tir quang hop 1am ngudn ning lugng cho vi sinh vat,
con vi sinh vét cung cip nito di dugc cb dinh phuc vu sinh truéng cua cay.

Mot vi vé quan hé cong sinh giita duong xi nudc Azolla va vi khuan lam

Anabaena azollae cu tri trong cac khoang & gdc 14 Azolla va ¢ dinh nito trong cac



té bao chuyén hoa goi 1a di bao (heterocyst). Hé cong sinh nay di duoc sir dung hon
1.000 nim trong rudng lua nudc & Pong Nam A nhu mot dang phan bon sinh hoc
v6i kha ning c¢b dinh t6i 600 kg N/ha/nam [15], [20]. Mot vi du khac 1a cong sinh
gifta cdy than gd va cay bui c6 ré gia nhu cdy tram Alnus sp v6i vi khuan Frankia.
Loai cdy thuong sinh trudng & noi nghéo nito, 1a loai tién phong trong cic quan xa
thue vat. Chang phan b rong rai tir ving nii cao, ring, ven séng, ven bién va lanh
nguyén Bic Cuc [21]. Tuy nhién, mdi quan hé cong sinh quan trong nhét trong ¢
dinh nito 1a giita cay ho DPau va vi khuan Rhizobium va Bradyrhizobium. Nhiéu ciy
coO gia tri kinh té nhu linh lang, dau, co ba 14, ddu dia, lac, ddu tuong va dau tam.
Trong d6, dau twong chiém ti trong 16n nhat vé dién tich trong va san lugng trén thé
gidi [22].

Céc nghién ctru ¢ Viét Nam tip trung vao viéc phan lap, tuyén chon va danh
gia tinh tmg dung ctia cac ching vi sinh vét ¢6 dinh nito trong nong nghiép. Nguyén
Thi Thu Hing va cong su (2015) di phan lap va tuyén chon duoc mot sd chung
Azotobacter ¢6 kha nang cb dinh nito va tong hop IAA, trong d6 cac ching AZT;,
AZT4, AZTs va AZT7 cho ham luong NH4" cao, c6 thé ung dung lam ché pham
phan vi sinh [17]. Nam 2020, Pham Thi Ngoc Lan va cOng su da phan 1ap cac vi
khuan ¢d dinh nito tir dat tréng rau tai Pleiku (Gia Lai) va tuyén chon duoc hai
chung c6 kha ning tao NH4" cao, cung cAp thém ngudn vi sinh vat ban dia cai thién
ngudn dinh dudng nito cho cay trong [23].

Dic biét, VKTQH ngay cang dugc cha ¥ nhd viéc dem lai nhiéu loi ich cho
ciy trong. Mot s6 ching khong chta luu huynh ¢ kha ning ¢b dinh nito phan ti,
san sinh TAA, dong thoi tham gia phan giai phosphate khé tan va cai thién hoat tinh
sinh hoc ctia dat. Chung con thich nghi tt voi méi trudng bat loi nhu dat nhidm
man, nhiém phen va yém khi trong rudng lta nudc. Nho vay, VKTQH duogc xem la
d6i tuong tiém ning dé nghién ctru va lam ché pham phan vi sinh da chitc ning

phuc vu canh tac laa theo hudng bén viing.

1.1.3. Tong hop hoéc-mon thye vit axit indole-3-axetic (IAA)
1.1.3.1. Tong quan vé hoéc-mén thuc vit axit indole-3-axetic (IAA)

Hobdc-mén thuc vat co khdi luong phan tor nho, duoc téng hop véi ham
luong rat thap nhung co vai trd diéu hoa cac qua trinh sinh 1y va sinh hoa cua cay,
g6p phan thuc ddy qua trinh sinh trudng cdy trong trong méi trudng khac nhau [1].

Auxin 1a hodc-mon dugc phat hién dau tién va ciing dugc nghién ctru siu
rong nhit trong sinh 1y hoc thuc vat. Chiing 1a trung tim trong viéc diéu hoa nhiéu
qua trinh sinh truéng va phat trién cua cdy nhu: kéo dai va phan chia té bao, biét

hoéa mo, hinh thanh m6é mach, phat sinh ré bén. Su phan bd auxin theo ca khong



gian va thoi gian ¢ cac moé thyc vat déu duoc kiém soat chit ché nén ching anh
huong tryc tiép dén hinh thai va chirc ning cua cdy.

Axit indole-3-axetic (IAA) pho bién ¢ thyc vat, 1a mot axit cacboxylic va
tong hop chi yéu thong qua cac con dudng phu thudc tryptophan. IAA tham gia vao
viéc diéu hoa cac qua trinh sinh trudng co ban cua ciy nhu: phan chia, kéo dai té
bao va biét hoa mo, anh hudéng dén su phat trién ciia hé mach dan va hé r&, giup
ting cuong kha ning hap thu nudc va cac chit dinh dudng khoang, thuc ddy sinh
trudng cua ciy trong [24].
1.1.3.2. Vai tré ciia axit indole-3-axetic (IAA) cé nguon géc vi sinh vit doi véi
sinh truwéng va phdt trién cia cdy trong

Ngoai ngudn axit indole-3-axetic (IAA) duoc ciy trong tu tong hop, IAA do
vi sinh vat cung cp dic biét 1a cac vi khuan vung ré, cling c6 vai trd quan trong
diéu hoa qua trinh sinh truéng cua cdy. Ngudn IAA tic dong chu yéu thong qua
viéc diéu chinh ciu tric va chirc ning cta hé ré. IAA kich thich phan chia va kéo
dai t& bao, dong thoi thic day hinh thanh r& bén va 16ng hut, 1am gia ting dang ké
chiéu dai ré, mat do ré bén va dién tich bé mat hép thu, gitp nang cao hi¢u sir dung
dinh dudng cua cay [25]. Ngoai ra, IAA con gitp cdy ting kha ndng thich nghi
trudc cac diéu kién bat loi hay thiéu dinh dudng thong qua viéc diéu hoa can bang
hodc-mon ndi sinh va kich hoat cac dap ung sinh 1y thich hop [24].
1.1.3.3. Con dwong sinh tong hop IAA 6 vi sinh vit

Vi sinh vat, dic biét 12 vi khuan tong hop IAA thong qua nhiéu con duong
sinh héa khac nhau, phan 16n phu thudc vao tién chit tryptophan 1a mot amino axit
phd bién duoc tiét ra tir 18 cay vao ving ré (rhizosphere), tao ngudn co chit cho vi
sinh vat st dung dé tong hop hodc-mén [26].
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Hinh 1.1. Céc con dwong dé tong hop IAA trong vi khuan [27].
e Con duong indole-3-pyruvic axit (IPyA)

Qua trinh tong hop IAA théng qua con duong IPyA di dugc ghi nhan &
nhiéu nhém vi khuan nhu Pantoea agglomerans giy bénh nam & thuc vat, cac vi
khuan c6 loi nhu Bradyrhizobium, Azospirillum, Rhizobium, Enterobacter cloacae
va ca vi khuan lam.

Budc dau, tryptophan duoc chuyén héa thanh indole-3-pyruvate nhd enzyme
aminotransferase. Tiép theo, IPyA bi khir carboxyl tao thanh indole-3-acetaldehyde
(IAAld) dudi tac dong cia enzyme indole-3-pyruvate decarboxylase (IPDC). Cudi
cung, IAAId bi oxy hoa dé hinh thanh IAA. O Azospirillum lipoferum, gen ipdC
dugc xac dinh ndm trén nhiém sic thé [28] trong khi vi tri cia gen nay ¢ phan 16n
cac loai khac van chua duogc 1am 18. Cac nghién ciru bat hoat gen cho thay viée trc
ché con duong IPyA t6i khoang 90% lugng IAA tong hop & Az. Brasilense, cho
thdy vai trd quan trong ctia con dudong IPyA trong sinh tong hop auxin ¢ vi khuan.
Tuy nhién, viéc khong thé 1am mat hoan toan kha ning sinh IAA ciing cho thiy sy
t6n tai ctia nhiéu con dudng sinh tong hop khic, phan anh tinh linh hoat ctia hé
thdng sinh tong hop auxin & vi sinh vat [27].

e Con duong indole-3-acetamide (IAM)

Con dudng indole-3-acetamide (IAM) 14 con dudng sinh tong hop IAA duoc
nghién ctru va md ta diy du nhit & vi khuan, gdm hai budc phan tng lién tiép. Budc
dau, tryptophan duoc oxy héa thanh IAM nhd enzyme tryptophan-2-
monooxygenase, do gen iaaM ma hoa. Tiép theo, IAM tiép tuc bi thiy phan dé tao
thanh [AA nho enzyme 1AM hydrolase, dugc ma hoa béi gen iaaH. Céac gen lién
quan dén con dudng nay ton tai trén nhiém sic thé ciia mot s loai Pseudomonas,

dong thoi ciing duoc xac dinh trén plasmid pPATH & P. agglomerans [29], [30].
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Trude day, con dudng IAM dugc cho 1a dic trung riéng cua vi khuan nhung gin
day IAM di duoc xac dinh 13 mot hop chit noi sinh trong cdy Arabidopsis thaliana
cho thiy con duong nay ciing ton tai va hoat dong & thue vat [31].

e Con duong tryptamine (TAM)

O vi khuan, con dudng tryptamine (TAM) da duoc ghi nhan & Bacillus
cereus nho hoat tinh cia enzyme tryptophan decarboxylase, & Azospirillum thong
qua kha ning chuyén hoéa tryptamine ngoai sinh thanh IAA. O thyc vat, tryptamine
13 mot hop chit noi sinh, nhiéu gen ma héa enzyme tryptophan decarboxylase da
dugc nghién ciu dac diém & nhiéu loai cho théy su ton tai con duong TAM ¢ thyc
vat [27].

Budc giéi han toc d6 cta con dudng nay & thuc vat co thé do protein tuwong
tu flavin monooxygenase, thugc ho YUCCA, xtc tac chuyén hoa tryptamine thanh
N-hydroxyl-tryptamine. Tuy nhién, su hién dién cua cic chat trung gian ndm phia
sau dang dugc gia dinh 13 indole-3-acetaldoxime va indole-3-acetaldehyde van can
phai nghién ctru thém [32], [33]. Budc cudi cing cia con dudng ndy ¢ vi khuan,
tryptamine duoc chuyén tryc tiép thanh indole-3-acetaldehyde (IAAld) dudi xtc tac
cua enzyme amine oxidase [34].

e Con duong indole-3-acetonitrile (IAN)

Con duong sinh tong hop IAA thong qua indole-3-acetonitrile (IAN) duoc
nghién ctru kha pho bién ¢ thuc vat. Budc cudi cung trong con dudng ndy, enzyme
nitrilase xuc tac chuyén hoa IAN thanh IAA nhung cac co ché hinh thanh TAN tir
tryptophan van 1 rang. C6 2 nghién ctru dugc dé xuat l1a: IAN duoc tao thanh thong
qua cac chat trung gian nhu indole glucosinolate hoic indole-3-acetaldoxime [32],
[33]. O vi khuan, IAN c6 thé duoc chuyén hoéa truc tiép thanh IAA nho nitrilase
hoic gian tiép thong qua trung gian indole-3-acetamide (IAM) [35].

e Con duwong oxy héa mach bén cia tryptophan

Hoat tinh tryptophan side-chain oxidase (TSO) chi dugc ghi nhén ¢
Pseudomonas fluorescens CHAO. Trong con dudng ndy, tryptophan chuyén héa
tryc tiép thanh IAAld ma khong thong qua chét trung gian IPyA, hop chét ny sau
d6 c6 thé bi oxy hoa dé tao thanh TAA [36].

e Con duwong khong phu thugc tryptophan

Céc nghién ctru trén Arabidopsis thaliana goi ¥ sy ton tai cta con dudng
sinh tong hop IAA khong phu thudc tryptophan, xudt phat tir indole-3-
glycerolphosphate hoic indole, nhung enzyme xtic tac dic hiéu van chua xac dinh
duoc [37]. Vi vay, vai tro va sy tdn tai cua con dudng nay van con nhiéu tranh lun.

O vi khuan, con dudng khong phu thudc tryptophan di dwoc ghi nhan &
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Azospirillum brasilense, IAA van dugc téng hop khi khéng bd sung tryptophan
[38]. Tuy nhién, bang ching vé enzyme tham gia van con thiéu, mot sé vi khuan co
kha ning s& hiru dong thoi nhiéu con duong sinh tong hop IAA. Tém lai, hiéu biét
hién nay vé sinh tong hop IAA & vi khuan van con han ché va can duoc 1am rd thém

nho cac k¥ thuat phan tich va nghién ctru h¢ gen hién dai [27].
1.2. TONG QUAN VE VI KHUAN TiA QUANG HQP

1.2.1. Gi6i thiéu vé vi khuan tia quang hop

Vi khuén tia quang hop (VKTQH) 1a nhoém vi sinh vét thity sinh quang hop
nhung khong tao oxy, gdbm céc chi dién hinh nhu Rhodopseudomonas, Rhodobacter
va Rhodospirillum [39]. Chung chita cac sic to quang hop nhu bacteriochlorophyll
va carotenoid ding anh sang dé tao ning lugng [40]. Mau sic va sy phan loai cac
chung dya vao thanh phan va ti 18 Bchl va carotenoids trong té bao. Chung khong
ding nudc 1am ngudn dién tr ma sir dung luu huynh, hop chat lwu huynh khur, hidro
hay hop chét hitu co don gian nén qua trinh quang hop nay khong tao ra oxy [41].

Khi c6 anh sang, chung quang tu dudng hodc quang di dudng. Vi vay, ching
séng da dang & bun day, ao ho, ddm nudc min hodc lg, dat bun va cac canh dff)ng
lua. Trong d6, thuy vuc nudc ngot, man hoac lo 1a diéu kién thuén loi nhat cho cho
chung phat trién [42]. VKTQH c¢6 dinh CO: chu yéu theo chu trinh Calvin (C3), tao
cac hop chat nhu dudng, axit béo, axit amin va axit cacboxylic. VKTQH khong luu
huynh st dung dugc nhidu ngudn cacbon hitu co nhu acetate, pyruvate, axit béo
mach théng Cs-Cis, axit hiru co, axit amin, rugu va cacbohydrat [43] va cling c6 kha
nang diéu chinh trao ddi chat linh hoat. Pic biét, nhiéu chiung VKTQH c6 kha nang
¢6 dinh nito phén tir trong diéu kién ky khi [44]. M6t s6 ching nhu KK415, TN110,
TN217 va TN414 ciing c6 kha ning tong hop IAA, gop phan thuc day sinh trudng
va phat trién cta cdy trong [45].
1.2.2. Pic diém hinh thai va phin loai vi khuin tia quang hop
e Dic diém hinh thai

VKTQH thudc nhém vi khuan gram am, don bao, c¢6 hinh théai da dang nhu
dang cau, dang X04n, dang truc khuan va dang phéy. Trong mdt s6 diéu kién moi
trudng, cac té bao c6 thé lién két véi nhau tao thanh cac chudi ngrfm, kich thudc dao
dong khoang 0,3 — 6 um. Phan 16n chung sinh san bang phan déi hay sinh san thong
qua nay choi [46]. Trong diéu kién quang hop, dich nudi cdy ciia VKTQH cé mau
sac dic trung nhu tim tia, dd, ndu, nau vang, phan anh su khéc biét vé thanh ph(:in
sac tb quang hop va phd hap thy anh sang, cho phép cac loai hap thy hiéu qua & cac

budc song anh sang khéac nhau [47].
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e Phan loai cia VKTQH
Niam 1907, Molisch phat hién ra loai vi khuin mang sic t6 dé c6 thé quang
hop dit tén 1a Rhodobacteria. Ching duoc chia thanh hai ho 1a: Thiorhodaceae gdm
céc loai co chira giot luu huynh noi bao va Athiorhodaceae gdbm cac loai khong hinh
thanh giot lwu huynh trong té bao [48]. Nam 1989, Bergey phan loai vi khuén tia
quang hop lam ba ho gdém: Chrpmatiaceae, Ectothiorhodospiraceae — va
Rhodospirilaceae [47]. Nam 2001, Bergey phan vi khuan tia quang hop thanh ba
phan 16p [48]:
- Alphaproteobacteria: gdm VKTQH khong luu huynh va VKTQH hiéu khi.
- Betaproteobacteria: gdbm VKTQH khong luu huynh.
- Gammaproteobacteria: gdm hai ho Chrpmatiaceae va Ectothiorhodospiraceae.
Trong nhiing nim gan day, viéc phan loai VKTQH khong chi dya trén dic
diém hinh thai, sinh 1y va sinh thai ma con dua vao cac dir licu di truyén, dac biét
gen 16S rDNA 1a chi thi di truyén quan trong do c6 muc dd bao thu cao trong tién
hoa va kich thude dii 16n dé xac dinh quan hé di truyén. Trén co s& phan tich trinh
tu gen 16S rDNA, cac hé théng phén loai ctia Bergey nim 1994 va 2001 da thiét lap
va hoan thanh viéc ching minh mdi quan hé di truyén giita cac nhém vi khuén,
hoan chinh hon hé thdng phan loai VKTQH.

1.2.3. Pic diém sinh ly, sinh héa ciia VKTQH
1.2.3.1. Qua trinh quang hop

Céc sac t6 quang hop chinh ¢ vi VKTQH 1a bacteriochlorophyll (Bchla hodc
Bchlb) va carotenoid, duoc lién két khong cong hoa tri véi hai loai protein mang
tich hop, hinh thanh nén céc trung tdm hodc cac phuc hgp ang-ten thu nhan anh
sang. Tt ca cac loai VKTQH déu chtra phic hop dng-ten “16i” (light-harvesting
complex 1, LH1), ¢6 cdu tric bao quanh trung tdm phan tng. Cac phirc hop LHI
thuong thé hién mot dai hap thu manh duy nhat trong ving can hong ngoai, nam
trong khoang 870-890 nm d6i véi Behla hodc khoang 1020 nm ddi véi Behlb.
Nhiéu loai con sé hitu phirc hop dng-ten ngoai vi LH2 ¢6 kha nang hap thy & cac
budc song 800, 820 hoac 850 nm, gitp ting cuong kha nang thu anh sang [49],
[50].
1.2.3.2. Trao déi chit va dinh dwéng Cacbon

VKTQH trao d6i chat da dang va linh hoat gém: quang ty dudng, quang di
dudng, hoa ty dudng, hoa di dudng. Trong dod, hai hinh thirc dinh dudng cacbon chu
yéu 1a quang ty dudng (cb dinh CO2) va quang di dudng (sit dung hop chat hitu co).

e Cb dinh CO:2(quang ty dudng)
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VKTQH dung anh sang dé cp ning luong con CO; 13 ngudn cacbon va cic
chét v co 1am ngudn electron. Chung c6 chu trinh Calvin hoan chinh, déng vai tro
trung tdm trong viéc ¢6 dinh CO, va hinh thanh cac hop chit hitu co phuc vu cho
sinh trudng, phat trién té bao ddng thoi duge gitp duy tri cin bang oxy hoa - khir
ndi bao trong didu kién quang hop khéng sinh oxy. Cac chit vo co 1a ngudn cung
cap electron bao gdm cac kim loai & dang khtr nhu Fe?*, phan tr Ha, cac hop chat
lwu huynh, nitrit ciing nhu cac hé théng dién sinh hoc, trong d6 catot cung cap
electron truc tiép cho té bao [51].

e Sir dung hop chit hiru co (quang di dudng)

VKTQH dung anh sang 1am ngudn ning luong va ngudn cacbon duoc cung
cAp boi cac hop chit hiru co, gdm axit hitu co (malate hodc succinate), axit béo,
amino axit, cacbohydrat, alcohol va mot s6 hop chat thom [52]. Chu trinh axit citric
tiép nhan tryc tiép nhidu hop chat trung gian nhu malate, acetate, succinate,
fumarate va pyruvate. Nho' d6 vi khuan wu tién sir dung cac ngudn nay ma khong
cAn trai qua cac con dudng phan giai bd sung tiéu tén nhiéu ning luong [53]. Pdi
voi cac axit hitu co c6 mic dd khir cao hon so véi sinh khdi té bao, can mot chét
nhan electron nhu CO, hodc dimethyl sulfoxide (DMSO) dé duy tri su sinh trudng
ctia chung [54], [55]. Bén canh d6, VKTQH ciing c6 kha ning str dung cac chit vo

co dé 1am ngudn electron cho qua trinh trao doi chat [51].

1.2.3.3. Cé dinh nito phén tir

Pa sb cac loai VKTQH déu co6 kha ning ¢ dinh nito phan tir, trong dé cac
loai khong luu huynh c6 kha ning ¢ dinh nito véi toc d6 cao nhu: Rb. Sphaeroides,
Rb. Capsulatus, Rps. Blastica. Rps. Gelatinousus, céac loai thudc chi Rhodospirillum
hoat dong & mirc d6 thap hon. Oxy 14 tac nhan &c ché manh ca hoat tinh 1an sy tong
hop enzyme nitrogenase & VKTQH nén qua trinh ¢6 dinh N> dat hiéu qua cao nhat
trong diéu kién ky khi nghiém ngat. Tuy nhién, mdt s6 loai thudc cac chi
Rhodopseudomonas va Rhodobacter chiu dugc oxy va van duy tri hoat tinh ¢ dinh
nito trong diéu kién vi hiéu khi, mo rong tiém ning ung dung trong moi trudng
khoéng hoan toan ky khi nhu rudng lta nuéde [56], [57].

VKTQH str dung hé¢ enzyme nitrogenase, 1a cac phirc hop metalloprotein
chtta molypden (Mo), sit (Fe) hodc vanadi (V), xtic tac phan ung khtr N» thanh
NH.4* khi ngudn nito vé co han ché. Mo-nitrogenase 14 dang pho bién va cé hi¢u
sudt xuc tac cao nhat [58]. Qua trinh nay tiéu ton nang luwong 1én, véi tdi thiéu 16
mol ATP d@é khir 1 mol N, thanh 2 mol NH4* [59].

Hoat tinh nitrogenase cua VKTQH chiu anh huéng pH, ham lugng amoni va

nguén cacbon. Cac hop chit nhu carbonate, bicarbonate, alcohol hodc COs cé thé
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lam ting cuong hoat tinh enzyme bang cach cung cip ngudn cacbon va electron cho
qua trinh quang dudng ky khi. Khi méi treong nudi cdy can kiét amoni, hoat tinh cb
dinh nito c¢6 thé duoc phuc hdi trd lai [60].

1.2.3.4. Kha nang sdn sinh chit kich thich sinh truong (IAA)

IAA 1a dang auxin tu nhién phd bién, giir vai tro 14 tin hiéu trung tim diéu
khién nhiéu qué trinh sinh truéng va phat trién cua ciy trong. Hop chét nay kich
thich bom H* tai mang sinh chat, 1am gidn thanh té bao va thac day su kéo dai cua
ré ciing nhu chdi non, déng thoi tao diéu kién hinh thanh ré bén va ré to, lam ting
dién tich bé mat hap thu nudc va dinh dudng. Bén canh d6, IAA con diéu hoa hoat
dong cua mo phan sinh va phdi hop véi cac hodc-modn khac nhu cytokinin va
ethylene nham can bang giita qua trinh phan chia va biét hoa té bao, kiém soét hinh
thai than va phat trién cta hoa, qua [61], [62].

Sakpirom va cong su (2017) chirng minh 4 ching VKTQH dugc phan 1ap tu
rudng lGa, traim tich séng gdm K415, TN110, TN217 va TN414 ¢ kha ning tong
hop IAA. Khi b6 sung 1 mM tryptophan vao méi trudng, cac chung tir rudng lta
san sinh IAA trong khoang 0,65 — 3,6 mg IAA L' [45]. Tuy nhién, nong d6 IAA
qua cao c6 thé kim ham su phat trién cta hé r& nén cac chung sinh IAA ¢ muc do
phu hop thuong dugc uu tién trong ing dung trong nong nghi¢p. Nghién ctru cua Su
Ping va cong su (2017) chtng minh Rhodopseudomonas palustris GI-22 tong hop
IAA dat 30 mg L' khi méi truong bo sung 3 mM tryptophan, trong khi mirc IAA
chi dat 15 mg L' khi khong bb sung tryptophan [63]. Ching Rhodopseudomonas
KL9 phan 1ap tir trim tich séng tao ra ndng d6 IAA cao nhat dat 52 mg L' khi b
sung 3 mM tryptophan [40].

Theo Honglian Ge va Fuli Zhang (2018), chung Rhodopseudomonas
palustris G5 sinh tong hop IAA va thé hién dic tinh kich thich sinh trudng thyc vat,
g6p phan lam tang chiéu cao than, chiéu dai r& va sinh khdi cay dua chudt trong
diéu kién stress man [64]. Nghién ctru ciia Cheng-Chieh Hung va cong su (2012)
ching minh chung Rhodopseudomonas palustris PS3 c6 kha nang san sinh [AA,
gitip kich thich nay mam, ting sitc song ciy con va thuc ddy sinh truéng cia cai
bap. Khi bo sung PS3, ciy dat sinh trudong gan twong duong voi bon day du phan
khi chi sir dung khoang mot nira lugng phan bén, bén canh d6 ciing sir dung nito tot
hon, cho thay tiém ning tng dung trong san xuat ndng nghiép bén viing [65].

Mot nghién ctru ghi nhan rang R. palustris KKSSRI1 san sinh ra IAA dat
29,58 mg/L khi b6 sung 3 mM tryptophan, gitp giam tac dong gy doc thuc vat ciia
axit d6i v6i ciy dau than [66]. Rhodobacter capsulatus PS-2 duoc phan 1ap tir rudng

laa, c6 kha nang san xuat mot lugng dang ké TAA trong diéu kién tdi wu bd sung
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tryptophan [67]. Nghién ctru cia Kang va cOng sy ciing bio cdo ringR.
sphaeroides KE149 c6 thé san xuat 4,6 — 5,3 pg/mL IAA khi c6 D-tryptophan trong
moi truong va dong thoi giam céc tic dong do han han d6i véi cay dau do [68].
1.2.4. Ung dung ciia VKTQH lam phan bén sinh hoc

1.2.4.1. Tinh hinh nghién civu trén thé gigi

dIncrease plant productivity)

Soil application, & { Mitigate CH; emission

Hinh 1.2. Nhiing lgi ich cia VKTQH 1én hé sinh thai lia khi duwgc bon vao dat
hoic phun 1én 14 [69]

Céc nghién ctru qudc té da ghi nhan vai trd cia VKTQH trong canh tac lta.
Elbadry va cong su (1999a, 1999b) chirng minh VKTQH 14 nhém vi sinh vat chiém
wu thé trén rudng laa va co kha niang cai thién do phi nhiéu cua dat thong qua cd
dinh nito sinh hoc [70]. Kundu va Ladha (1997) udc tinh hoat dong ciia nhom
VKTQH c6 thé dong gop 2,0 — 3,5 tan nito/ha tir ngudn hitu co trong rudng lta
[71].

Bén canh kha ning c6 dinh nito, mot sé loai VKTQH con hd trg cdy lua hip
thu dinh dudng khoang. Rhodospirillum rubrum c6 kha nang hoa tan cac phosphate
kho tan nhu Cas(PO4)2, Mgs(POa4)2 va Zns(POs)., qua d6 gitip cung cap nguyén td vi
luong nhung rat can thiét cho ciy trdng [72]. Cac chung Rhodopseudomonas
palustris nhu TK103, PP803 va P1 duoc xac dinh c6 kha ning tong hop axit 5-
aminolevulinic (ALA) v&i ham luong 1,4 — 1,7 mg/L, giup cdy lua chiu man t6t va
cai thién ning suit [73]. Rhodopseudomonas KL9 c¢6 thé tong hop t6i 52 mg/L

indole-3-acetic axit (IAA), cho thiy tiém ning manh mé& d6i véi sinh trudéng ciy
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trong [40].

Ciing c6 nhiéu nghién ctru & thuc nghiém di cho thdy hiéu qua cia VKTQH
d6i v6i sinh trudng va ning sudt cay trong. Rhodobacter capsulatus két hop voi
phan bén vé co gitip nang cao hiéu qua st dung nito va ting ning suét lta [74].
Viéc bd sung R. capsulatus vao dat két hop voi N, P va K trong giai doan sinh san
lam ting ning sut hat lua, déng thoi gop phan khir doc dat va cai thién do phi
nhiéu. Bén canh d6, VKTQH c6 kha ning tong hop nhiéu hop chit hoat tinh sinh
hoc nhu chét diét co, chat khang vi rat va khang khuan, gitip (e ché tac nhan giy
bénh trén cay trong [73]. Rhodopseudomonas palustris ¢6 kha ning san sinh nhiéu
hop chit quan trong nhu riboflavin, cac chdt mang sat, 5-aminolevulinic axit
(ALA), exopolysaccharide (EPS) va cac phan tu tin hi¢u acyl-homoserine lactone,
c6 vai trd kich hoat co ché khang bénh cam tng & thuc vét [75]. Tir nhitng dic diém
nay, VKTQH duogc danh gia 1a nhém vi sinh vat c6 thé img dung dé lam phan bon

sinh hoc trong ndng nghiép.

Nghién ctru khi cho R. capsulatus két hop v6i Azotobacter vinelandii trong
moi trudng thay canh, voi lugng protein 1an luot 13 600 mg va 60 mg, két qua thoi
gian ra hoa va hinh thanh bong duoc rut ngin xudng con 100 ngdy sau gieo, dong
thoi kich thudc va thé tich 1ong hut ré ting dang ké. Viéc sit dung VKTQH theo
hinh thirc phun qua 14 ciing cho thy nhiéu trién vong. Khi nghién ctru danh gia trén
dong ruong & vung khi hau nhiét déi cho thay phun VKTQH 1én 1a gitp cdy cai
thién dang ké sinh truong cling nhu ning suit laa ngay ca khi nhiét do thap va
cuong do anh sang yéu [76]. Khi xt Iy Rhodopseudomonas palustris qua 14 gitp
ciy laa dé nhanh nhiéu hon, 14 xanh hon, than cay chic khoe, giam d6 ngi va hé ré
phat trién tt, tir d6 1am tdng s6 danh hitu hiéu, s hat trén cay, nang suét hat va chi
s6 thu hoach [69].

Viéc két hop R. capsulatus véi phan dam hoa hoc giup nang cao hiéu sut sir
dung phan dam tong hop. Tuong tu, sy két hop gilta Rhodopseudomonas palustris
va Bacillus subtilis c6 thé 1am ting nang suat lua [77], trong d6 R. palustris 1a
chung VKTQH dé lam phan bon sinh hoc [78], con B. subtilis c¢6 vai tro kiém soat
sinh hoc, bao vé ciy trong khoi cac tac nhan gay bénh [79]. Ngoai ra, Sakarika va
cong su (2019) déanh gia VKTQH c6 thé cai thién cac chi s6 danh gia hi¢u qua dau
vao va dau ra trong san xuat nong nghiép [39]. Su va cong su (2017) con chi ra tiém
nang st dung VKTQH nhu mét ché pham phun 14 gitip ting strc dé khang cho cay,

kiém soat virus kham thudc 14 [80].
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1.2.4.2. Tinh hinh nghién curu tai Viét Nam

Mot s6 nghién ctru trong nudc ciing chimg minh thiy tiém ning ung dung
ciia VKTQH trong cac diéu kién canh tac kho khin. V& Quang Minh va Pham
Thanh Vi (2015) nhan dinh ring méi trudng dat phén, dat man du khic nghiét ddi
v6i da sb vi sinh vat nhung lai pht hop cho nhiéu loai VKTQH nho kha ning thich
nghi cao [81]. Nguyén Thi My Linh va cong sy (2019) da thir nghiém cac chung
Rhodopseudomonas palustris phan 1ap tir dat min tai Soc Tring cho thiy kha ning
sinh trudng t6t & ndng d6 mudi 1én dén 2,5%, dong thoi cai thién 13 rét sinh truong
cay lua so v&i doi chung khong xir 1y [82]. Lé Vian Hung va cong su (2020) ciing
ghi nhan ching Rhodobacter sphaeroides c6 kha nang ting nang suét lta tir 12-18%

trong diéu kién dat nhiém phén ning [83].

Nguyén Quéc Khuong va cong su (2024) di nghién ctru trong diéu kién nha
ludi va thiy viéc bd sung cac chung VKTQH sinh exopolysaccharide (EPS) thudc
loai Luteovulum sphaeroides trén dat chua nhiém man cai thién dang ké dac tinh dat
va sinh trudng cdy lta. Ching gitp dat ting do pH, cai thién ham luong N va P,
dong thoi giam tich lily Na* trong dat. Vi vay da gitip cay hap thu dinh dudng hiéu
qua hon, din dén ning suit laa ting 27,7% so v6i d6i chimg [84]. Nguyén Qudc
Khuong va cong sy (2025) cho thiy viéc bd sung VKTQH hoa tan kali dang long
d3 cai thién rd rét dinh dudng kali trong dat va hiéu qua str dung cua cay trong. Ché
pham nay gitip cdy hap thu kali tot hon, dong thoi ting ning suat ngd so véi viée
chi sir dung phan NPK theo khuyén céo. Pang chii y, viéc ap dung vi khuan nay con
c6 thé giam hodc thay thé hoan toan lwong phan kali ma vin duy tri, tham chi nang

cao nang suét khi két hop vé6i luong kali khuyén céo [85].

Nhitng két qua nay chimg t6 nguén VKTQH noi dia phong phu, ching
khong chi ¢ thé thich nghi tot v6i didu kién thyc dia nhiéu khic nghiét ma con
dong gop khong nhé vao viée nang cao nang suat va giam toi da viéc s dung phan
bon hoa hoc, 13 co s& quan trong cho cac nghién ciru nham phat trién ché pham sinh
hoc cho san xuét ltia bén virng tai Viét Nam.

1.2.5. Mt s6 irng dung khac cia VKTQH
e Xir Iy nwée thai va bao ton tai nguyén

VKTQH c6 kha ning loai b cac chat hitu co khoi nhiéu loai nudc thai khac
nhau. Chiing c6 thé thich nghi dugc trong cdc méi trudng nudce thai min nhu: nudc
thai cac cong nghiép, nude thai bon cau c6 ndng do mudi va sunfat cao. Hiilsen va
cong su (2019) da ching minh rang quan thé vi sinh vat c6 ngudn gdoc tir nudc thai

bao gém VKTQH da duogc lam giau co thé ton tai ¢ noi chra nude thai man va
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chuyén hoa hiéu qua COD thanh sinh khéi vi khuan [86]. Nghién ctru khac da
ching minh VKTQH c6 thé phat trién trong nudc thai cua qué trinh Fischer-
Tropsch, mot quy trinh cong nghiép nhdm san xuét nhién liéu 16ng. Tuy viy, do dic
diém ngheéo ngudn nito dinh dudng cua loai nude thai ndy nén viée tng dung cic
bién phap xr 1y sinh hoc con gip nhiéu khé khan [87].

Trong hé théng xtr Iy nuée thai sinh hoat, VKTQH chiém ti 1& uu thé trong
quan x4 sinh vat. Khi b6 sung mot ngudn cacbon nhu ethanol, chung c6 thé loai bo
hiéu qua cac chat dinh dudng, gitip nude thai dat tiéu chuan xa thai [88]. Bén canh
do, Cerruti va cong su cho théy VKTQH dugc lam giau tu bun hoat tinh cia nha
may xir Iy nudc thai co thé dat hiéu suat loai bo COD 1én t&i 96%, dic biét trong
cac hé phan tmg khudy tron [89].

Nghién ctru ctia Bunraksa va cong sy (2020) chung minh VKTQH ciing cho
hiéu qué cao trong xir Iy nudc thai nong nghiép thudng co6 ham luong cht hiru co
cao nén can yéu cau hiéu qua loai bd COD 16n hon. Khi nudi cdy trén nudc thai tir
10 giét mo gia cam, Rhodopseudomonas faecalis va R. palustris c6 thé loai bo t6i
88% COD hoa tan [90]. Hiilsen va cong sy (2018) nghién ciru trén nude thai ché
bién gia cAm va thit d6 ghi nhan sinh khéi VKTQH dat hiéu suit cao, dong thoi
d6ng héa hiu qua nito va photpho [91].

e Phong bénh trong nudi trong thity san

Sang-Seob Lee va cong su (2009) cho thdy chung VKTQH Rhodobacter
capsulatus khi nudi cdy & moi trudng Lascelles trong diéu kién hiéu khi t6i co thé
sinh chat khang khuan manh nhat trong khoang pH tir 6,8 — 8,0 [92]. C6 nhiéu
nghién ciru bd sung mot lugng nhd VKTQH vao thirc dn céc loai thuy san dem lai
gia tri kinh té cao nhu c4 16 phi song Nile, ¢4 bong da, ca chém va ca mahseer (Tor
tambroides) st dung cac chung nudi thuan nhu Rhodovulum, Marichromatium hoic
Rhodopseudomonas dugc nudi trén moi trudng nhan tao. Két qua giup ting dang ké
ty 1¢ sdng ciing nhu toc do ting trudng & giai doan phét trién som cua vat nudi, mic
di mot sd cong thirc thirc dn chua can ddi vé lipid hodc protein [93], [94], [95],
[96].

Theo Shapawi va cong su (2012) khi bo sung 0,3% sinh khéi vi khuan vao
khau phan in dd mang lai hiéu qua thé hién qua sy gia ting téc do sinh trudng, nang
cao ti 1& song va cai thién hé s6 chuyén héa thirc an [96]. Loo va cong su (2015) bd
sung VKTQH tryc tiép cho ca bong d4 giai doan au tring thong qua tron véi nudc
nudi hoic thong qua chudi thirc an trung gian déu giup cai thién ty 1¢ song [95]. Tac

dong tich cyc nay ciing dugce ghi nhan trén ca diéc khi b sung VKTQH ¢ mirc
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0,1% khau phén [97], cling nhu trén ca chach, ca vang, ca chép, so ark va ca ayu, la
nhirng loai c6 kha ning tiéu thy vi khuan quang dudng ngay sau khi né [35].

Nhin chung, cac nghién ctru cho thdy VKTQH mang lai hiéu qua tich cuc khi
duogc sir dung ndng d6 thap, cha yéu thé hién vai trd nhu mot probiotic. Nho nhiing
dic tinh sinh hoc ¢6 loi, VKTQH dang dugc quan tdm tng dung trong nudi trong
thiy san, chung vira 1am ngudn thirc 4n ty nhién, vira sinh téng hop cic hop chat
khang khuan c6 thé gop phan kiém so4at mam bénh trong ao nuéi. Piéu nay khong
chi gitp gidm chi phi dau vao ma con han ché sir dung khang sinh, tir 46 nang cao

chat luong va muc d an toan cla san pham thay san [98].
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU
2.1.1. Poi twong nghién ciru
Céac chung VKTQH dugc phan 1ap tu mau dait va nudc duoc thu tai céc

rudng lta nudce, rudng la nhiém man va nhiém phen sau gieo sa va céy tr 1,5 dén 2
thang tai Nam Dinh, Viét Nam.

2.1.2. Héa chét, méi trudong nghién ctru

e Hoa chiat:

Hoa chat duoc dung cho muc dich nghién ctru bao gém cac hoa chat phod
bién dung dé pha méi trudng nudi cay vi sinh vat, ching dugc san xuat ¢ Viét Nam
va Trung Qudc. Cac hoa chit c6 yéu cau do tinh khiét cao hon dugc sir dung co
ngudn gdc tir hing Merck (D).

e Moi trwong nghién ctru:
e MOoi trudng phan lap va nudi cdy VKTQH trong phong thi nghiém 1a
moi trudng DSMZ-27 bao gdm céc thanh phan:

Bang 2.1. Thanh phin méi truong DSMZ-27 (cho 1 lit)

Thanh phan Ham luwgng

Cao ndm men 03¢g
NH4Cl 04¢g
NaCl I5¢g
KH2PO4 0,5¢g
K>2HPO4 lg
MgS04.7H,0 04¢g
CaCl::2H20 0,05¢
Dung dich nguyén t6 vi luong I mL
Dung dich vitamin 1 mL
Natri axetat lg
Axit succinic 0,5¢g
Nuée cat BO6 sung vira du dén 1000 mL

Dung dich nguyén té vi liwong (cho 1 lit) gom: 6,5 mL HCI (25%); 1,5 g
FeCl,.4H>O; 0,3 g H3BOs3; 0,03g MnCL.2H,O; 0,2 g CoCl.6HO; 0,1 g
ZnS04.7H20; 17 mg CuCl2.2H>0; 24 mg NiCl,.6H>O; 36 mg NaxMo004.2H,0.
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Dung dich vitamin (cho 1 lit) gém: Thiamine: 500 pg; Niacin: 500 pg;

Biotin: 15 pg.

Tat ca méi truong va dung cu khtr trang & 121 °C, 30 phut truée khi sir

dung.

Dbi voi moi truong DSMZ-27 thach chira 2% agar.

e MOoi truong khong chira ngudn nito dung dé danh gia VKTQH c6 kha ning cb

dinh N2, duoc diéu chinh nhe tir cong thirc ctia Vatsala va cong su (2011) [99]

gom céc thanh phan sau:

Bang 2.2. Thanh phin méi trwong khong chira ngudn nito (cho 1 lit)

Thanh phan Ham lugng
Natri axetat lg
K2HPO4 09¢g
KH>PO4 0,6 g
MgSO4 02g
FeSO4 0,0122 g
EDTA 0,075 g
CaClz 0,01g
NaxMoO4 .2H> O 0,01 g
MnSO4.4H,0O 2,8 mg
ZnSO4 0,75 mg
CuSOq4 0,24 mg
H3BO:; 0,016 mg
Biotin 0,001 mg
Nuéic cat BO sung vira dit dén 1000 mL

Do pH duoc diéu chinh ¢ mirc 6,8 — 7.0.

e MOoi truong nudi ciy glutamate-acetate (GA) trong d6 L-sodium glutamate duoc

thay thé bdi 1 mM L-tryptophan dé danh gia kha ning san sinh IAA.
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Bang 2.3. Thanh phin maéi trwong GA (cho 1 lit)

Thanh ph?ln Ham lugng

L-glutamate 38¢
Natri acetate monohydrate 544 ¢
Cao nAm men 20¢g
K>HPO. 0,5¢g
KH2PO4 0,5¢g
(NH4)2HPO4 0,5¢g
MgSO.-7H:0 02g
CaClL:':2H20 53 mg
CoClz:6H20 1,2 mg
MnSO4-5H20 1,2 mg
Biotin 0,01 mg
Sét citrate 2,5 mg
Niacin 1,0 mg
Nuée cat BO sung vira dit dén 1000 mL

e Thuédc thir Nessler: Kali iodua (KI): 10 g, HgCl: bio hoa: 20 mL, KOH: 30 g,
nudc cat: bo sung vira da dén 200 mL, bao quan trong chai sim mau, tranh
sang.

e Thudc thir Salkowski: 14y 2 mL dung dich FeCls 0,5 M cho vao 98 mL dung
dich HCIO4 35%, sau d6 lic déu dé thu duoc 100 mL thude thir. Dung dich sau
khi pha dugc bao quan trong chai thily tinh ¢6 mau sam dé tranh anh sang. Cac
thao tdc dugc thuc hién trong ta hut, st dung déy du phuong ti¢én bao ho do

HCI1Os4 13 axit c¢6 tinh oxy héa manh va nguy hiém.

2.1.3. Thiét bi may méc

Céc thiét bi may moc duoc str dung trong nghién ciru thudéc Phong Cong
nghé sinh hoc mdi trudng va Phong thi nghiém trong diém Cong nghé Gen - Vién
Sinh hoc. Céc thiét bj gdm: T nudi cdy vi sinh (Binder, infors, Ptic); Binh khi nito
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(Nga); Bong dén soi d6t Rang Pong (40W, 60W); N6i khtr tring wét (Trung Quéc); Ta
say kho (Trung Quéc); May quang phé NOVASPEC II (Anh); UV-1650PC (Shimadzu,
Nhat Ban); can phan tich Mettler toldo (Thuy Si) may do pH (Thommas Scientific,
M3), ti lanh thuong GR-K22EA (Toshiba) va ti lanh sdu -20 (Alaska), box ciy
Biocyt ESI Flufrance (Phép), may anh k¥ thuat s6 Canon (Nhat Ban).

2.2. PHUONG PHAP NGHIEN CUU

2.2.1. Thu thip miu chira cic ching VKTQH

Mau dit va mau nude duge thu thap ngﬁu nhién ¢ cac rudng lha nudce, rudng
lua nhiém phen tai xa Yén Trung, Y Yén, Nam Pinh (20°24'04"N; 105°58'31"E),
nhiém man tai ven bién x3a Giao Xudn, Giao Thay, Nam Dinh (20°14'30"N;
106°28'31"E). Cac mau dat duoc thu thap tir 0 — 20 cm tinh tir bé mit ctia dat, miu
nudc thu thap tir 0 — 50 cm tinh tu bé mit cdt nudce theo tiéu chudn TTCVN 7538-
2:2007 cho dat va TCVN 6663-6:2018 cho nudc. Mau thu dugc bao quan trong

thung dyng mau trong vong 24 gid va dua vé phong thi nghiém.
2.2.2. Phan lap, nudi cdy VKTQH
2.2.2.1. Lam giau VKTQH

Mau nudc va dat thu tir ruong lta duge dua vao chai vai ty 18 1:1 (d6i véi
mau nudc) hodc 9:1 (ddi véi mau dat), lam giau trong cac cot Winogradsky cai tién
13 céc chai nhya trong, dang hinh tru c6 dudng kinh 5 cm, chiéu cao 35 cm. Sau dé
lam day céc chai bang méi trudng long DSMZ-27, day kin va nudi dudi diéu kién vi
hiéu khi sang (3000 lux) [100].

Sau khi xuét hién cac vét mau dic trung cuia VKTQH c6 mau tor mau nau
vang dén do tia xuat hién trén thanh binh thi c6 thé st dung d¢ phan 1ap VKTQH.
2.2.2.2. Phan lap VKTQH khong luu huynh

Sau khoang mot tudn, cac vach mau tir nau vang dén do tia xuét hién trén
thanh binh, day la biéu hién vé su c6 mit sic td dic trung cia VKTQH. St dung
que gat tién hanh 14y mau tir vach mau, phan 1ap trén dia petri c6 chira moi trudng
thach DSMZ-27 cai tién, 0 & diéu kién vi hiéu khi sang voi cudong do sang ~3000
lux tir dén sgi d6t. Sau khoang thoi gian tir 3 — 5 ngdy thiy xuét hién cac khuan lac
tron ¢4 mau nau, hong dén do tia, 1am sach theo phwong phap cAy ria trén dia thach

dé thu duoc don chung va tién hanh ¢ miu dudi diéu kién vi hiéu khi sang [101].
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2.2.2.3. Nuéi ciy VKTQH

Khuan lac don cuia VKTQH duoc nudi cdy trong cac éng thuy tinh V=12 mL
chtra mo1 truong DSMZ-27 16ng, khi dugce suc vao moi truong khoang 17 =20 mg/L
qua mang loc vo tring, day kin va G & nhiét do phong (25 — 28 °C), chiéu 4nh sang
lién tuc (3000 lux). Khi sinh truéng cia ching & pha log dat mat do t& bao khoang
10° CFU/mL thi dem cAy vao binh thi nghiém khoang véi thé tich tir 5 — 10% (v/v)
dé dat mat do ban dau ODsgoo khoang 0,1 ctia cac chung VKTQH [101].
2.2.3. Panh gia kha nang sinh truwdéng va hinh thai té bao ciia VKTQH

Sau 7 ngdy nudi cdy, kha ning sinh truéng cua cic chung VKTQH di phan
lap duoc, s¢ dugc danh gia béng cach quan sat do lon khuan lac cua ching khi moc
trén dia thach hoac xac dinh do hﬁp thu cua dich huyén phu té bao tai budc song
800 nm vi trong té bao cua VKTQH Bchl c¢o6 cuc dai hép thu & 800 nm va do hép
thu nay ty 1€ thuan v&i ham lugng Bcehl, do vay cling s€ ty 1€ thuén vdi sinh khdi cua
té bao. Str dung may quang phdé Novaspec II hoic may quang phd UV-1650PC
(Shimadzu, Nhat Ban) dé do cac chi sd nay.

Hinh thai té bao cia VKTQH duoc soi dudi kinh hién vi quang hoc
OLYMPUS (Nhat Ban).

2.2.4. Tuyén chon chiing VKTQH c6 kha ning c6 dinh nito’ phan tir

Céac chung VKTQH dugc nu6i trong binh thuy tinh c6 chta moéi trudong
DSMZ-27 khong chira ngudn nito véi ti 16 thé tich gidng ban dau 1a 10% (v/v) (mat
d6 té bao giéng dat khoang 10° CFU/mL, khi nito duoc suc vao méi trudng khoang
17 — 20 mg/L qua mang loc vo triung, diéu kién vi hiéu khi sang (3000 lux), tai nhiét
d6 phong, trong 48 gid. Sau d6 thu dich nudi ciy va ly tim & 8000 vong/phut trong
15 phat. Lay 0,5mL dich ndi cho phan tmg véi vai giot thudc thir Nessler dé danh
gia kha nang san sinh NH4" theo phuong phap cua Sakpicom va cong su (2016)
[45]. Thudc thir nay chira mudi kiém cua thiy ngan (Hgls?) trong méi truong kiém,
khi phan mg v6i NHa* s& tao thanh phirc chat c6 mau tir vang nhat dén nau. Mirc do
d6i mau phan anh ham lwong NH4*: khong xuat hién mau cho thdy mau khong co
NH+*; mau vang nhat biéu thi ham luong thép; mau vang dam cho ham lugng trung
binh; va mau nau cho ham lugng cao. Sy hinh thanh mau dugc do quang & budc

song 420 nm voi cuong do hép thu s€ ti 1€ thuan voi néng dd NHa4* trong dung dich.
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2.2.5. Tuyén chon chiing VKTQH c¢6 kha niing sinh chit kich thich sinh truéng
IAA

Viéc danh gia kha ning sinh chat kich thich sinh truéng IAA cia VKTQH st
dung theo phuong phap cua Ahmad va cong su (2005) [102].

VKTQH duoc nudi cdy trong moi truong GA cai tién, trong d6 glutamate-Na
dugc thay thé bang tryptophan ImM dé kich thich tong hop IAA. Qua trinh nudi
duogc tién hanh trong diéu kién vi hiéu khi chiéu sang (3000 lux), & diéu kién nhiét
d6 phong. Sau 5 ngay nudi cdy, tién hanh thu dich nuéi va ly tim & 8000 vong/phut
trong 15 phit. Ly 1 mL dich ndi cho phan tmg véi 2 mL thude thir Salkowski (gém
2% FeCls 0,5M trong dung dich HC1O4 35%), i trong t6i & nhiét d6 phong trong 25
phut. Tién hanh do tai budc séng 530 nm biang may quang phd dé xac dinh d6 hap
thu ctia dung dich, n@)ng do TAA duoc tinh dya trén duong chuan xay dung béng
IAA tinh khiét.

2.2.6. Khio sat cac dic diém sinh hoc ciia cic ching VKTQH chon lya

2.2.6.1. Xdc dinh mgt dp té bao VKTQH
Mat d6 cia VKTQH duoc danh gia bang viéc do do hap thu quang ¢ budc

song 800 nm (ODsowo) st dung may quang phd Novaspec II hoic UV-1650PC, dua
trén dac tinh hép thu cuc dai cua Bcehl tai 800 nm. Mat d0 VKTQH con duoc xac
dinh bang phuong phap pha loang thap phan (10! — 10°), nhé 50 pL mau 1én moi
truong DSMZ-27, dan déuvau trong diéu kién vi hiéu khi sang. S6 khuan lac duoc
dém sau 5 — 7 ngay [101]va tinh theo cong thic:

CFU ax1

mL - vV Xnh

Trong d6: n 13 hé s6 pha lodng cia mau,
a 1 s khuan lac dém dugc trén dia méi truong thach,
v trong g véi thé tich mau dem cy,
1/v duge dung dé quy dbi thé tich mau vé don vi 1 mL.

2.2.6.2. Phwong phdp nghién civu hé sic té ciia VKTQH

Céc ching dugc nudi trong moi trudng DSMZ-27 1ong dudi diéu kién vi
hiéu khi sang. Sau 4 ngay, dich nudi duoc thu dé do phé hép thu tir 400 — 900 nm
[103] bang may bang may quang ph6 Navaspecll (Anh) va UV-1650PC (Shimadzu,
Nhat Ban) dé xac dinh sy hién dién cua bacteriochlorophyll.
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Nhuom Gram theo phuong phdp cua Hans Christian Gram (1884) [104],
Escherichia coli va Bacillus subtilis dugc dung lam dbi ching.
2.2.6.3. Phwong phdp ddnh gid kha ning sir dung nguéon cacbon va chit cho di¢n
tir khac nhau cia VKTQH

Céc chung VKTQH da lya chon dugc nuoi trong moi truong DSMZ-27 véi
ngudn cacbon gbc natri acetate duoc thay thé bang mét s ngudn khac (véi cung
ham luong 1g/L) nhu: Acetate, Succinate, Formate, Tartate, Citrate, Glycerol,
Glucose, Methanol, Ethanol, Manitol, Sorbitol, Propionate, Sulfide, Glutamate,
Isopropanol. Thi nghiém & hai diéu kién vi hiéu khi sang va hiéu khi t6i. Kha ning
sinh trudng cua cac chung thi nghiém duoc danh gia sau 7 ngay U mau bang cach
xéac dinh do hap thu cta dich huyén phu té bao tai budc song 800 nm. Sir dung may
quang phd Novaspec II hodc may quang phd UV-1650PC (Shimadzu, Nhat Ban) dé
do céc chi sd nay.
2.2.6.4. Phwong phdp tich chiét DNA genome ciia VKTQH

VKTQH dugc nudi cdy trong méi truong DSMZ-27, ky khi sang khoang
3—5 ngay dén khi ODsoo ~ 0,8 — 1 tién hanh tach chiét DNA.

1. Hat khoang 1000 — 1200 pL dich nudi cdy vao cac ong 1,5 mL, ly tdm

10.000 rpm, 5 phaut.

2. Thu cin té bao & day dng va chuyén sang 6ng méi, Trong mdi ong, trinh tir
cac budc tiép theo duge mo ta trong cac cong bd cua (Lé Tran Binh va cong
su, 2003; Sambrook J and Russell, 2001) [105], [106], thém 576 pL TE, dé
trén khay lanh va lic déu dé tan hét té bao.

Thém 30 uL SDS 10%, lic nhe tai nhiét 6 phong.

Thém 3 pL proteinase K (10 mg/mL), r6i i mau 637 °C, 1 gid.

Thém 180 puL NaCl 5M, lic nhe, miu & 65 °C, 10 phit.

Loai bo protein bang hdn hop chloroform/isoamylalcohol 24:1 (v/v), ly tam

S kW

12.000 rpm, 10 phat, thu dich n6i va chuyén sang ong 1,5 mL méi.

7. Tiép tuc loai protein bang phenol/chloroform/isoamylalcohol ty 1& 25:24:1
(v/v), ly tam 12000 rpm, 10 phut, thu dich noi va chuyén sang 1,5 mL méi.

8. DNA dugc tiia bang ethanol tuyét ddi (gap 2 lan thé tich) & 4 ©C, 15 phit, ly
tam 12000 rpm, 10 phuat, dung may hut chan khong Mi-vac 110V lam kho
hét con.

9. Hoa tan tia DNA bang nudc sinh hoc phén tir va bio quan mau & -20° C.
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e Trén co s& doan DNA khuén va cip mdi da duoc thiét ké, qua trinh tong hop

DNA duogc tién hanh nhu sau:

e Trinh tu mdi: 27F (5-AGA GTT TGA TCC TGG CTC AG-3') va
1492R (5'-GGT TAC CTT GTT ACG ACT T-3'), khuéch dai gen 16S rDNA

e Thanh phan 1 phan tng (tong thé tich 25 pL):

Thanh phin Thé tich
10X PCR buffer 2,5 ulL
MgCl: (25 mM) 2,5 ulL
dNTP (2.5 mM) 2 uL
Taq DNA polymerase (5 U/uL) 0,25 uL
Forward primer (10 ng) 1 uL
Reverse primer (10 ng) 1 uL
Nudc sinh hoc phan tur 13,75 uLL
DNA khudn (100 ng) 2 uL

e Chu trinh nhiét :

Nhiét do Thoi gian S6 chu ky
95°C 5 phut 1
95°C 50 giay
55°C 30 gidy 30
72°C 2 phut
72°C 10 phut 1
4°C 00 -

2.2.6.6. Di¢n di DNA trén gel Agarose
Chuan bi gel agarose 0,8%, dit tao giéng va dé dong. Tron SpL mau DNA

v6i 2 pL loading dye, roi tra mau vao cac giéng cliing vi mot giéng 1a ladder. Dién
di ¢ 100 V trong 35 phut trong dém TE. Sau khi dién di, gel dugc nhudm Ethidium
Bromide trong khoang 5 phut, rira bang nudc sach va quan sat duéi tia UV 254 nm
va chup anh ghi nhan két qua [105], [106].
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2.2.6.7. Gidi trinh tw DNA

Trinh ty DNA duoc xac dinh theo phwong phap Sanger [107] bang may ABI
Avant Genetic Analyzer (Applied Biosystems, USA) tai Phong Thi nghiém Cong
ngh¢ Gene, Vién Sinh hoc.

Céc trinh tu thu duoc duoc phan tich bang phin mém BLAST (NCBI) va
DNASTAR dé xéc dinh céc loai c6 quan hé gan. Phan tich da trinh ty va xay dung
cdy phat sinh loai bang phan mém MEGA, ClustalX, va PHYLIP.

2.2.7. Panh gia anh hwéng cia diéu kién nudi cAy dén kha ning sinh truéng, co
dinh nito phin tir va sin sinh chét kich thich IAA cia VKTQH
2.2.7.1. Anh hwong ciia pH

Dé danh gia sy anh hudng ciia pH méi truong dén kha ning c¢d dinh nito cua
cac ching di chon, tién hanh nudi cdy cac chung nay trong méi trudng khong chia
nguén nito, c6 cac do pH 4, 5, 6, 7, 8, 9. Sau do tién hanh suc khi N2 vao méi truong
khoang 17 — 20 mg/L, nudi & diéu kién chiéu sang (3000 lux), tai nhiét do phong.
Sau 48 gid, dich nuéi cdy duogc ly tim 8000 rpm, 15 phat va danh gia ham luong
NH4* bang thudc thir Nessler [45].

Kha ning sinh trudng va san sinh IAA ctia VKTQH duoc nudi cdy trong moi
truong GA cai tién véi pH twong tu theo phuong phap ctia Ahmad va cong su
(2005) [102]. Tién hanh danh gia nhu muc 2.2.5.

2.2.7.2. Anh hwéng ciia nong dp mudi

Nudi cay cac ching da lwa chon trén moi truong khong chira ngudn nito, cd
cac cac nong do mudi: 0%; 0,5%; 1%; 1,5%; 2%; 2,5%; 3%. Sau d6 tién hanh suc
khi N; vao moéi truong khoang 17 — 20 mg/L, nudi ¢ diéu kién chiéu sang (3000
lux), tai nhiét do phong, trong 48 gio. Dich nudi cdy duoc ly tim 8000 rpm, 15
phut va danh gia kha ning san sinh ra NH4" bang thudc thir Nessler [45].

Pénh gia kha nang sinh truéng va san sinh IAA ctia VKTQH duogc nudi cay
trong moi truong GA cai tién v4i cac do néng do mudi tuong tu [102].
2.2.7.3. Anh hwéng ciia nhiét dp

bé danh gia sy anh hudng cua nhi¢t do dén kha nang ¢d dinh nito cua céac
chung d3 lya chon, nudi cdy cac ching ndy trén mdi trudong khong chira ngudn nito
c6 cac khoang nhiét do: 15 — 17 °C, 25 — 30 °C, 40 — 45 °C. Sau do tién hanh suc
khi N2 vao mdi trudng khoang 17 — 20 mg/L, nudi ¢ diéu kién chiéu sang trong 48

gid. Dich nuéi cay duoc ly tim 8000 rpm, 15 phat va ghi nhan ham lugng NH4" [45].
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Dénh gia kha ning sinh truéng va san sinh IAA cia VKTQH duogc nudi cay
trong mdi truong GA cai tién vé6i cac khoang nhiét d6 twong tw [102].
2.2.8. Phan tich thong ké

Céc thi nghiém duoc lap lai 3 lan. Gia tri trung binh va dd 1éch chuan duoc
trinh bay dudi dang Mean + SD. Phan tich phuong sai mot yéu t& (One-way
ANOVA) duogc thuc hién béng Microsoft Excel 2016. Khi ANOVA cho théy Su
khac biét c6 ¥ nghia thong ké, cac nghiém thirc duoc so sanh bing phép thir hau
nghiém Duncan trén phan mém IBM SPSS Statistics 16.0 & mtic ¥ nghia p < 0,05.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Lam giau va phan 13p cac ching VKTQH

Cac mau dit va nude sau khi 14y tir cic rudng lia cdy duoc tir 1,5 dén 2
thang duoc dong chai va bao quan lanh, rdi dugc dua vé phong thi nghiém dé 1am
giau theo phuong phap 2.2.2.1. Sau 7 ngdy quan sat trén thanh chai nhya thay xuét
hién nhiing v€t tr mau ndu vang dén do tia, nhirng vét mau dac trung cho su Xuét
hién VKTQH, tir cac chai lam giau nay tién hanh phan 14p cac ching VKTQH.

Hinh 3.1. Hinh inh mét s6 VKTQH lam giau tir mAu d4t va nuéc sau 7 ngay
Két qua ¢ Hinh 3.1 cho thay trén thanh cac chai nudi cay xuat hién cac vét
mau tir ndu vang dén do tia. Sy xuat hién ciia cac vét mau dic trung nay cho thay

trong moi trwong lam giau da cé sy phat trién cia VKTQH.

Léy mau tir vach mau hodc dich nuéi, roi phan lap trén dia thach DSMZ 27
céi tién, & diéu kién vi hiéu khi sang c6 suc khi nito (3000 lux), sau khoang 3 — 5
ngay thiy su xuat hién cac khuan lac c6 mau nau, ndu vang hong dén do tia. TUr cac
mau dat va mau nudc thu thap tr cac rudng laa nude, rudng lta nudce nhiém min va
nhiém phén tai Nam Dinh, chiing to6i d3 phan 1ap duoc 24 ching VKTQH. Hinh

thai, mau sic khuan lac va kich thudc cta chiing dugc trinh bay ¢ Bang 3.1.
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Bang 3.1. Dic diém hinh thai cac ching VKTQH sau 7 ngay nudi cdy trén méi

truong DSMZ-27 thach

Ky hi¢u ez 2 Hinh thai va hinh thirc
STT Dac diém khuan lac .
ching sinh sdn cua té bao
{ GT; Hinh tron, 161, bong, ria phéng, ndu | Hinh ciu, sinh san nhan
vang,d=0,5 -1 mm doi
5 GT, Hinh tron, 151, bong, ria trong, vang | Hinh que ngén‘, sinh san
xanh,d=1,2 —1,9 mm nay choi
3 GTs Moc loang, nhét, do nau Hinh que ngén, sinh san
d=0,8—1,0 mm nhan doi
4 GTs Hinh tron, 16i, ria phéng, nau vang, Hinh que ngén\, sinh san
d=1,1-1,3mm nay choi
s GTs Hinh tron, 16, nhét, ria loang, do Hinh trirng, sinh san
nau, d =0,8 — 1 mm nhan do1
6 GTs Hinh :[r(‘)n, bé mat 161, tron, bong, ria | Hinh que, si‘nh san nay
phang, nau do,d=1- 1,5 mm choi
. GT, Khong tron, ria rang cua, loang, Hin’h que, khong quan sat
nhét, vang ndu, d = 0,5 —1 mm thay hinh thire sinh san
g GTs Khong 16, 6 nhén, ria ring cua, Hinh cau, sinh san nhan
vang xanh, d =0,7 — 1,3 mm doi
Bé mit 16i, khé, ria rang cua, khong Hinh trirng, sinh san
> b nhan, do tia, d = 0,3 — 0,6mm nhan doi
Hinh tron, bé mat 161, ria trong, do Hinh trirng, sinh san
10 GTo nau,d=0,9 — 1,2 mm nhan doi
" GT, Khong tron, loang vién vang, héng Hinh ovan, sinh san nhan
nhat,d=0,8 — 1,0 mm doi
Moc loang, mép vién ring cua, hong | Hinh cAu, sinh san nhan
12| O nhat, d = 0,8 — 1,0 mm doi
Hinh tron, bé mit nhin bong, ria Hinh ovan, sinh san nhan
B Gl trong do tia, d = 0,2 — 0,8 mm doi
Hinh tron, bé mat lé)i, kho, ria phéng Hinh céu, sinh san nhan
o do dam, d = 1,0 — 1,5 mm doi
s v Hinh tron, bé mat lé)i, kho, ria phéng Hinh que, sinh san nay
2

dotia,d=0,1 — 0,2 mm

choi
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Hinh tron, bé mat 161, ria trong,do Hinh que, sinh san nay
B tia, d = 0,5 — 0,8 mm chéi
17 v Moc loang, nhét niu vang Hinh cau, sin.h san nhan
doi
Hinh tron, ria trong, ndu vang Hinh ovan, sinh san nhan
18 ¥ d=03-0,8 mm doi
Hinh tron, bé mit nhan bong, ria Hinh que, sinh san nay
P Yo trong, héng dam, d=0,3 — 0,8 mm chdi
Khong tron, bé mat léi, nhét, mép Hinh ovan, sinh san
20 Y7 | g cua, ndu do, d = 0.3 — 0.5 mm nhan doi
Hinh tron, mép tron, trong, do tia, Hinh que, sinh san nay
21 Ye d=12—-1,5mm chdi
Hinh tron, ria trong, héng nhat, Hinh cau, sinh san nhan
2w d=18-22mm doi
- v, Moc loang, nhét, nau do, Hinh que, sinh sdn nhan
d=1,8-22mm doi
Hinh tron, ria trong, niu vang, Hinh cau, sinh san nhan
@ Yo d=18-22mm doi

Bang 3.1 cho thiy cac chung VKTQH phan 1ap duoc c6 su da dang vé mau
sic, kich thuéc, hinh dang. Khuan lac chu yéu c6 dang tron hodc moc loang, bé mat
10i hodc nhin bong, ria phang, ria trong hodc ring cua, véi kich thudc dao dong tir
khoang 0,1 dén 2,2 mm. Mau sic khuan lac kha phong phu, bao gdm néu, nau vang,
nau do, hong.

Hinh thai t& bao ciing twong dbi da dang, gdbm dang hinh que, ciu va ovan.
Hinh thtc sinh san chi yéu bang cach phan doi, mot s6 chung 1a nay chdi.

Khong quan sat thdy sy xuat hién cta cac giot luu huynh bén trong té bao.
Pic diém nay cho thdy cac chung VKQTH phan lap duoc déu gan voi ho

Rhodospirillaceae.
3.2. Tuyén chon chiing VKTQH c6 kha ning c6 dinh nito phén tir

Tuyén chon cac chung VKTQH c6 kha ning ¢ dinh nito phdn tir bang cach
danh gia kha nang sinh NH4" trong méi trudng khong chira ngudn nito (pH 6,8 — 7)
& diéu kién vi hiéu khi sang (3000 lux) sau 48 gid.
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Qua trinh ¢b dinh nito cia VKTQH khong luu huynh dién ra hiéu qua trong
diéu kién ky khi nghiém ngit, do hoat tinh ctia enzyme nitrogenase rat nhay cam
v6i oxy [108]. Tuy nhién, diéu kién thuc dia cac rudng laa khong phai 1a méi trudng
hoan toan ky khi, ngay ca d6i voi cac rudng lua nude. Vi vao ban ngay, oxy sinh ra
tir qua trinh quang hop cua cdy lua c6 thé dugc van chuyén xudng ré, khuéch tan
vao vung ré va trAm tich xung quanh. Mic du mét phin oxy bj tiéu thu trong cc
qué trinh oxy héa nhung van con luong oxy du lam ngan can viéc hinh thanh moi
truong ky khi tuyét ddi [109]. Nhiam phan anh chinh xac hon diéu kién thyc dia,
nghién ctru ndy da khao sat kha niang cd dinh nito cia cac ching VKTQH trong
diéu kién vi hiéu khi c6 anh sang.

Két qua kha niang san sinh NH4" duoc thé hién trong Bang 3.2:

Béng 3.2. Kha nang san sinh NH4" (mg/L) ctia 24 chung VKTQH trong mai
trwong khong chira nguodn nito' ¢ diéu kién vi hiéu khi sang

STT Chiing Nong d6 NH4* (mg/L)
1 GT: 2,63+0,92%4
2 GT 3,05+0,60°
3 GTs 3,97+1,039f
4 GT. 4,190,734
5 GTs 000,007
6 GTs 0,33+0,10?
7 GT, 2,70+1,05¢
8 GTs 3,07+1,01¢
9 GTo 3,80+0,909¢f
10 GTio 4,34+0,85¢f
11 GTu 3,02 + 1,04%e
12 GTx 0,40+ 0,012
13 GTs: 3,67+0,999¢f
14 Y: 0,85+0,182®
15 Y2 1,29+0,77%°
16 Y 4,15+0,64%f
17 Y. 3,77+0,85¢def
18 Ys 3,540,719
19 Ys 3,55+0,959¢f
20 Y 3,72+ 0,67°%f
21 Ys 2,40+0,89%
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22 Yo 3,94:0,94%F
23 Yu 4,63+0,71F
24 Yi2 2,12+0,78%¢

Chu thich: Trong cung mot cot, cdc gia tri mang cdc chit cdi thwong khac
nhau (a, b, ¢, d, e, f) biéu thi sw sai khdc c6 ¥ nghia thong ké (phdn tich phwong sai
mét nhan t6 — ANOVA va phan tich hdu nghiém bang phép thir Duncan, p < 0,05).

Két qua thu dugce ¢ Bang 3.2 cho thdy 23/24 chung VKTQH c6 kha ning cb
dinh nito & diéu kién vi hiéu khi sang duogc thé hién qua su tich iy NH4" trong méi
truong nudi cdy. Tuy nhién, mirc d6 ¢ dinh nito khac nhau giita cac ching.

Trong s6 24 ching, moi trudng nudi cdy cia ching GTs khong phat hién
NH.* chiing to khong c¢6 kha niang c¢d dinh nito phan tir. 20 chiing c6 kha ning san
sinh NH4* & mic trung binh (tir 1,29+0,77 dén 4,63+0,71 mg/L NH."), ba ching san
sinh & murc thép la: GTe, GT21, Y1. Bac biét, 4 chung thé hién kha nang ¢ dinh nito
cao khac biét o rét so vdi cac chung con lai dat trén 4 mg/L: GT4 (4,19+0,73), GT1o
(4,34+0,85), Y3 (4,15+0,64), Y11 (4,63+0,71). Su khéac biét ndy c6 y nghia théng ké
so voi cac chung con lai (p < 0,05).

Két qua nay phu hop véi nhitng nghién ctru ciia Nookongbut va cong su
(2019) khi phan 1ap VKTQH tir ving bun than ¢ Thai Lan [110]. Cac chung phan
1ap dugc trong nghién ctru hi¢n tai da thé hién kha nang ¢d dinh nito cao hon sau 48
gid trong diéu kién vi hiéu khi sang. Tuwong tw, so voi nghién ciru cia Nguyén Thi
Thu Hing va cong su (2015), trong d6 cac chung Azotobacter AZT1 va AZT7 dugc
nudi ciy trong moi trudng 16ng Ashby bo sung 2% glucose (pH 7,0) & 30 °C trong
72 gid, cho kha ning cb dinh nito 1an luot 14 3,36 va 3,32 mg/L [111]. So vdi cac
nghién ctru trude day dugc thyc hién trong diéu kién tuong tu, bon ching duoc
tuyén chon trong nghién ctru nay déu cho kha ning cd dinh nito cao hon véi ham
luong NH4* déu dat trén 4 mg/L.

Theo nghién ctru ctia Nguyén Hiru Hiép (2022), khi sang loc 25 ching vi
khuan mai truong 16ng Nfb khong chira ngudn nito trong thoi gian 48 gid, tat ca cac
chung vi khuan ¢6 dinh nito dugc phéan lap tir r& ngd déu c6 kha ning téng hop
NHs4*, v61 ham lugng dao dong tir 0,35 — 4,33 mg NH4*/L [112]. Kha nang san sinh
NH4" nay tuong duong vai cac chung VKQTH duogc phén 1ap trong nghién ctru cua
chung toi.

Theo két qua nghién ciru ciia Pham Thi Ngoc Lan va cong su (2020), hai
chung N55 va N96 thé hién kha ning sinh trudong va c¢b dinh nito manh trén moi

truong long Ashby. Ham luong NH4* do hai ching nay tao ra lan luot dat 21,14
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mg/mL va 59,60 mg/mL [113]. Kha ning cb dinh nito phan tir cta hai chung nay
cao hon hin so véi cac chung VKTQH chiing t6i phén lap duoc.

Tai thoi diém 48 gid sau nudi cdy, kha ning cb dinh nito cua cac chung dat
murc cao, thé hién qua sy tich liiy NHs" trong méi truong. Tuy nhién, sinh khéi té
bao van ¢ murc thip do trong méi trudng khong chira ngudn nito vé co, vi khuan
budc phai kich hoat qué trinh ¢b dinh N> dé dap Gmg nhu cau dinh dudng. Qua trinh
nay do hé enzyme nitrogenase xtc tac, tiéu ton mot luong 1én ATP va chit khir, din
dén viéc nguén nang lugng ndi bao dugc uu tién cho chuyén hoa N, thanh NH4"
thay vi cho cc qua trinh sinh tong hop sinh khéi.

Do d6, mac du hoat dong ¢ dinh nito dién ra manh m&, toc do sinh trudng
ctia vi khuan van con han ché, din dén su tich Iy sinh khoi thép. Bén canh do,
NH+* duoc tao thanh trude hét duoc sir dung cho cac nhu ciu chuyén hoa co ban
cta té bao. Vi vay, tai thoi diém 48 gio, mic du kha nang c6 dinh N. dat hiéu qua
cao, sinh khdi té bao chua phan anh day di muc do sinh truong, do d6 khong phu

hop dé danh gia sinh truéng thong qua mat dé quang hoc (ODsoo).

3.3. Tuyén chon chiing VKTQH c¢é kha ning sinh chat Kkich thich sinh truéng
TIAA

Sau khi phan 1ap, 24 chung VKTQH duoc nudi cdy trong méi truong long
nham danh gia kha niang sinh tong hop IAA. Mdi chiing dugc cdy trong moi truong
GA cai tién, trong d6 glutamate-Na dugc thay thé bang tryptophan 1 mM dé kich
thich tong hop IAA véi ti 18 thé tich mdi mAu va moi trudng nudi ciy 1a 1 : 9 (v/v).
Mat d6 té bao ban dau trong cac binh thi nghiém dat khoang 10° CFU/mL.

Céc binh nudi dugc day kin bang nit cao su dé duy tri diéu kién vi hiéu khi,
dong thoi bd tri cac binh ddi ching chi chira méi trudong vo trung. Tt ca cic mau
duoc U dudi didu kién chiéu sang lién tuc & nhiét do phong (25 — 30 °C) trong 5
ngay.

Ham luong IAA trong dich ndi sau nudi cdy dugc dinh luong bang thudc thir
Salkowski. Két qua vé kha ning sinh IAA cua cac ching VKTQH sau 5 ngay nubi
trong diéu kién vi hiéu khi sang duoc trinh bay & Bang 3.3.
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Bang 3.3. Kha ning san sinh IAA va sinh truéng cia 24 ching VKTQH & diéu
kién vi hiéu khi sang

STT Chung ODsoo Kha nang san sinh IAA (pg/ml)
1 GT: 1,88+0,19 78,044,928
2 GT: 2,63+0,60 58,24+5,60°
3 GTs 2,454+0,23 87,15+7,03%
4 GTa 2,4840,35 188,96+6,73%
5 GTs 1,65+0,24 73,05+4,05%
6 GTs 1,99+0,22 54,33+3,10°
7 GT 1,97+0,30 82,70+5,05%h
8 GTs 2,07+0,30 90,07+6,018
9 GTo 2,31+0,25 83,80+4,90°"
10 GTo 2,53+0,50 205,4+5,85!
11 GTu 2,04+0,27 67,98+5,04¢
12 GTx 1,98+0,19 0,00+ 0,00?
13 GTs 2,234+0,29 118,87+5,90"
14 Y: 2.81+0,41 59,22+5,88"
15 Y- 1,95+0,27 58,63+3,77°
16 Ys 2,93+0,35 146,15+5,641
17 Y 1,85+0,38 79,67+4,85df
18 Ys 2.71+0,36 76,54+5,71°%
19 Ys 2,55+0,29 0,00+0,00°

20 Y- 2,05+0,31 0,00+ 0,00?
21 Ys 2,90+0,42 79,4844 859¢f
22 Yo 2,23+0,35 68,18+2,97°
23 Yu 2,73+0,24 191,63+7,41%
24 Yoo 2,81+0,34 81,8143,784ef

Chu thich: Trong cung mot cot, cdc gia tri mang cdc chir cdi thwong khac
nhau (a, b, ¢, d, e, f) biéu thi sy sai khdc c6 y nghia thong ké (phdn tich phwong sai
mot nhan té6 — ANOVA va phan tich hdu nghiém bang phép thir Duncan, p < 0,05).

Két qua & Bang 3.3 cho thay ca 24 chung VKTQH déu sinh truong tét trong
moi truong GA bd sung L-tryptophan véi gia tri ODseo dao dong tir 1,65+0,24 dén
2,93+0,35 chimg t6 diéu kién nudi cdy vi hiéu khi sang pht hop. Tuy nhién, kha

nang sinh TAA khac biét rd rét giita cac ching. Trong s cac chung khéo sat, c6 21
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chung c6 kha ning san sinh IAA véi ham luong dao dong tir 54,34+3,13 dén

205,4+5,85 ng/mL, 3 chung GT21, Ys va Y7 khong c6 kha nang san sinh IAA.
Khong c6 su tuong quan hoan toan gitra mat dd sinh truéng va sinh TAA.

Diéu nay cho thdy kha ning san sinh IAA 1 dic diém sinh 1y khac nhau & ting

chung vi khuan.

N&i bat, hai chung GTio va Y vira sinh trudng t6t vira san sinh IAA ¢ mirc
cao nhét, lan luot dat 205,4+5,85 va 191,63+7,41 pg/mL. Su khac bié¢t vé ham
lwong TAA giita cac ching 1a co ¥ nghia thong k& (ANOVA mét nhén t6, phép thir
Duncan, p <0,05).

Kha ning san sinh IAA cua cac chung trong nghién ciru nay ciing rat dang
ké, vuot murc 63,11 — 73,87 ppm ma Hoang Kim Chi va cong sy (2019) ghi nhan
trén cac dong vi khuan ving r& nghé [114] So voi kha nang san sinh IAA ctia nhém
VKQTH duoc phan lap tr mot canh déng bi 6 nhiém Cd va Zn & Thai Lan cua
Sakpirom va céc cong sy (2017), ham lugng san sinh IAA ma cac ching chung toi
phan 1ap duoc cao hon tir 25 dén 60 lan [45]. So véi cac loai vi khuan
Enterobacteria, Azotobacteria va Pseudomonas dugc phan lap tir vang dat ré la o
Colombia béi nhém nghién ctru Torres va cong su (2000) c¢6 muc IAA cao nhat 1a
32,2 pg/mL [115], thi 21/24 ching VKQTH cua ching t6i c6 kha nang san sinh
IAA cao hon.

Két hop véi két qua danh gia kha ning cb dinh nito phan tt, hai chung GTio
va Y duogc lya chon la cac chung VKTQH c6 kha nang ¢d dinh N, va san sinh

TAA cao nhat dugc lua chon dé tiép tuc nghién ctru sau hon.
3.4. Pic diém sinh hoc co ban ciia cac chiing VKTQH lya chon

3.4.1. Dic diém hinh thai

Pé dinh danh cac chung VKTQH tiém ning, budc dau tién hanh nghién ctru
dic diém sinh hoc g@)m hinh thai khuan lac, té bao va kha nang téng hop
bacteriochlorophylls (BChls).

Khuan lac ctia chung GTio c6 hinh tron, 16i, bé mit 161, ria trong, mau nau
do, véi duong kinh dao dong tir 0,9 — 1,2 mm, dich nuéi céy c6 mau tuong tu. Té
bao hinh trirng, don bao, véi kich thudc chiéu dai 0,9 — 1,25 um va chiéu rong 0,6 —
0,7 um. Céc té bao sinh san bang cach nhan d6i, khong phat hién thay hat luu huynh

noi bao.
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Hinh 3.2. Hinh dang khuén lac (A), hinh dang té bao duwéi kinh hién vi dién tir
SEM (B) cua ching GTio
Khuén lac cua chuing Y11 moc loang rong, mau nau do, nhot, duong kinh 1,8
— 2,2 mm. Dich nudi cdy c6 mau d6 tia. Té bao hinh que, chiéu dai khoang
1,4—1,58 pm, chiéu rong khoang 0,36 — 0,44 pum, tdn tai & dang don bao hoac lién
két thanh chudi, sinh san nhan doi, khong thay hat luu huynh noi bao.

Hinh 3.3. Hinh dang khuan lac (A), hinh dang té bao dwdi kinh hién vi dién tir
SEM (B) cua chung Y11
Hinh thai té bao, kich thudc, kiéu phan chia té bao va sy hién dién cta hat
lvu huynh dugc quan sat bang kinh hién vi dién tir quét (SEM; Model S-4800,
Hitachi, Nhat Ban).

Ca 2 chung GTiovaYn déu duoc xéac dinh 12 vi khuan Gram am.

Dua trén hinh thai khuan lac, mau sac dich huyén phu té bao va cau truc té

bao, chung GT1o gidng chi Rhodobacter, ching Y11 gidng chi Rhodopseudomonas.
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3.4.2. Thanh phin sic t6 quang hop

Mot dic diém tiéu biéu cia VKTQH la kha ning téng hop BChl khi ¢6 4nh
sang. Do d6, hai chiung GTio va Y11 dugc nudi trong moéi truong DSMZ-27 16ng
diéu kién vi hiéu khi chiéu sang nhim danh gia dic diém sic t6 quang hop. Sau 4
ngay nudi cdy, trong Gmg véi giai doan gitta ciia pha sinh trudng lity thira, ham
lwrong BChl trong dich huyén phu té bao duoc do quang phd hip thu trong khoang
budc séong tir 400 dén 900 nm bang may quang phd Navaspec II (Anh) va UV-
1650PC (Shimadzu, Nhat Ban).

Két qua cho thdy pho hap thu ciia ching GTio xuat hién cac dinh dic trung
tai 807 nm va 872 nm, trong khi chiing Y11 ¢6 cac dinh hip thu cuc dai tai 804 nm
va 862 nm. Sy xuit hién cac dinh hap thy trong ving 800-900 nm 14 dic trung cla

bacteriochlorophyll a hién dién trong mang té bao chit cia VKQTH.
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Hinh 3.4. Pho hap thu ciia cac chiing GT1o va Y

3.4.3. Kha niing sir dung nguon cacbon va chit cho dién tir

VKTQH c6 thé str dung dugc nhiéu ngudn cacbon va chat cho dién tir khac
nhau, mot s6 ngudn cacbon dic trung c6 gia tri phan loai vi khuan. Ching GT1o va
Y11 duoc khao sat kha niang sir dung cac ngudn cacbon va chat cho dién tir thay thé
& cting nong 46 1g/L.

Su gia taing mat do té bao dugc danh gia dua trén do hép thu quang tai budc
song 800 nm sau 7 ngay nudi cdy o diéu kién vi hiéu khi sang va hiéu khi t6i. Mdi

mAu thi nghiém l3p lai 3 1an véi ting loai ngudn cacbon khao st.
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Kha ning st dung cic ngudn cacbon va chit cho dién tir ctia hai chung GTio
va Y11 dugc phan tich dua trén cac dac diém sinh Iy da dugc cong bd ddi voi
Rhodobacter capsulatus va Rhodopseudomonas palustris trong cac nghién clru
trude ddy cua Girija va cong sy (2010); Imhoff va Triiper (1989) [46], [116]. Két
qua phan tich dugc tong hop trong Bang 3.4.

Bang 3.4. So sanh kha niing sir dung ngudn cacbon va chit cho dién tir ciia cac
chung GTio va Y11 voi Rhodobacter capsulatus va Rhodopseudomonas

palustris (Girija va cong su, 2010; Imhoff va Triiper, 1989)

Ngudn co chat GTio Rba. capsulatus Yu Rps. palustris

Acetate ++++ + -+ +
Succinate ++++ + -+ +
Formate + + + +
Tartate - - - -
Citrate ++ + ++ +
Glycerol — - -+ +
Glucose +++ + ++++ +
Methanol — - - +
Ethanol — - - +
Manitol +++ + ++ +
Sorbitol ++ + +++ +
Propionate + + + +
Sulfide +++ + +++ +
Glutamate ++++ + ++++ +
Isopropanol + + - +

Chu thich: (++++): AOD > 1,5; (+++): AOD twr 1,0-1,5; (++): AOD tir
0,5-1,0; (+): AOD tw 0,1-0,5; (—): AOD < 0,1 (khong ghi nhdn sinh truong).

Bang 3.4 cho thay chung GTio c6 kha ning st dung cac ngudn cacbon va
chit cho dién tir: acetate, succinate, formate, citrate, glucose, mannitol, sorbitol,
propionat, glutamate, sulfide, glutamate, isopropanol. Chiing khong c6 kha nang su
dung ngudn cacbon: tartate, methanol, ethanol. Thong tin dit liéu st dung cic ngudn
cacbon nay rat giéng voi chi Rhodobacter, dic biét 13 Rhodobacter capsulatus, va

khac v&i céc thanh vién khac trong chi nhu Rhodobacter sphaeroides, Rhodobacter
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veldkampii va Rhodobacter adriaticus, nhitng loai c6 kha niang chuyén héa ca

formate va isopropanol [46].

Chung Y11 c¢6 kha niang st dung cac ngudn cacbon va chit cho dién tur 1a:
acetate, succinate, formate, citrate, glycerol, glucose, mannitol, sorbitol, propionate,
glutamate, sulfide. Ching khéng c6 kha ning st dung ngudn cacbon: Tartate,
Methanol, Ethanol. Théng tin ndy phu hop véi chi Rhodopseudomonas, gan giéng

nhat v6i Rhodopseudomonas palustris.

Duya trén cac dic diém sinh 1y ndy, c6 kha ning chung GTio giéng loai
Rhodobacter capsulatus, trong khi chung Yi giéng lodi Rhodopseudomonas
palustris. Tiép theo, tién hanh giai trinh tu gen 16S rDNA nhiam dinh danh va xay
dung cay phan loai chinh xac dbi véi hai ching VKTQH tiém ning di duogc tuyén

chon.

3.4.4. Phan tich trinh tu gen 16S rDNA

DNA ctia GTio va Y11 dugc tach chiét khuéch dai gen 16S rDNA bing cip
moi 27F/1492R. Két qua dién di cho thdy co duy nhat 1 bang khoang 1500 bp, phu
hop véi kich thudc gen 16S rDNA & vi khuan. San phim PCR dugc tinh sach roi

giai trinh ty Sanger hai chiéu.

Phén tich so sanh véi GenBank cho két qua chung GTio ¢6 mirc do tuwong
ddng vé trinh tu cao nhat véi Rhodobacter capsulatus, twong dong trén 99%. Cu
thé, GTio thé hién muc d6 doéng nhét trinh tu 99,12% voi Rba. capsulatus ATCC
11166 (sé truy cap GenBank: D16428.1). Tuong tu, ching Y11 cho thdy muc do
tuong dong trinh tu cao véi Rhodopseudomonas palustris, twong dong trén 99% so
v6i cac trinh tu tham chiéu, nhu R. palustris chung D12700 (s6 truy cap GenBank:
D12700). Két qua dinh danh cho thay su pht hop véi cac dic diém hinh thai va sinh
Iy trude d6, qua d6 cing cb viée phan loai chung GTio thudc loai Rhodobacter
capsulatus va chung Y11 thudc loai Rhodopseudomonas palustris. Phan tich phat
sinh chung loai dugc thuc hién bang phuong phap neighbor-joining véi 1000 1an lap

bootstrap nham danh gia do tin cay cta cau tric cdy phat sinh.
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100 Rhbhodobacter capsulatus GT10

a7 Rhodobacter capsularus ATCC 11166 (D16428)

70 L RBodobacter acstuarii IA296T (AMT48926)

‘—Rhodobacter blasticus ATCC 33485 (DQ342322)

Rhodobacter changlernsis JA139T (ANM3I9030)
Rhodobacter sphaeroides YL 101 (NMGS5T6212)
a7
81<|;?hodobacter azoroforruas KA2S (DTOE4G)

as I— Rhodobacter ovatus JA234T (ANMGI0O348)

100

Rhodobivum marirom (D30790)

Blastochloris sulfoviridis (D86514)

Rhuodoblastus acidophilus DSMI137T (FE733696)

99
g7 [ Rhodopseudomonas pseudopaluseris DSM 123 (AB49EE1E)
92 .
L —— Rhodopseudomornas rhenobacerisis (ABOBTT19)
100 -Rhodopseudomornas harwoodiae JAS31T (FINE13512)
80 Rhodopseudomonas palustris (D12700)
100 L ‘Rhodopsenudomornas palustris Y11

Hinh 3.5. Cay phat sinh chiing loai ctiia hai chiing VKTQH GTro, Y11 dua trén
trinh tw nucleotide gen 16S rDNA

3.5. Panh gia anh huéng cia diéu kién nudi cdy dén kha ning co dinh nito
phén tir va kha ning sinh trwéng, san sinh chit kich thich IAA ciia VKTQH
3.5.1. Anh huéng ciia pH dén kha niing c6 dinh nito phan tir cia VKTQH
Nham danh gia anh huong pH dén kha ning c¢d dinh nito cua cac ching
VKTQH, ching dugc danh gia kha ning c¢d dinh N2 & cac pH khac nhau. Két qua

ham luong NH4* (mg/L) tao ra trong mdi trudng & cac pH khac nhau thé hién trén
Hinh 3.6 va 3.7.
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Hinh 3.6. Thi nghi¢m d4nh gia kha ning sin sinh NHs* bang thudc thir Nessler

ciia 2 chiing Y11 va GT19 & cic pH Khéc nhau trong diéu kién vi hiéu khi sang

HYI1l1
EGTI10

Ham lwong NH,* trong dich nuéi ( mg/L)

Hinh 3.7. Ham lwgng NH4" sinh ra trong dich nuéi (mg/L) ¢ cac pH khac nhau
ciia chiing Y11 va GTyo trong diéu kién vi hiéu khi sang
Hinh 3.7 cho két qua ca chung Y11 va GTio déu c6 thé c¢b dinh nito trong
khoang pH tuong d6i rong tir pH 4 d&én pH 9, tuy nhién muc do ¢ dinh nito thay
dbi tury theo pH ctia moi truong nudi cay.
Déi voi ching Y11, ham luong NH4* sinh ra dat gia tri cao & pH 4 — 5, lan
luot dat khoang 5,01+0,50 mg/L va 5,15+0,63 mg/L. Khi pH tang 1én 6 — 7, lugng
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NH4* giam xudng con khoang 3,95+0,58 va 3,90+0,47. O pH 8, kha ning ¢ dinh
nito cua chung ting 1én dat 4,58+0,55 mg/L, tuy nhién khi pH tiép tuc ting 1én 9,
lwrong NH." sinh ra giam xudng con 4,17+0,60 mg/L.

Dbi voi ching GTio, ham lwong NH4* sinh ra ciing dat gia tri cao nhat & pH 5
v6i khoang 5,35+0,60 mg/L va pH 4 khoang 5,17+0,55 mg/L. Khi pH ting tir 6 d&én
7, lwong NH." sinh ra giam xubng con khoang 4,15 — 4,17 mg/L. O diéu kién kiém
hon pH 8 — 9, kha ning cb dinh nito cua ching tiép tuc giam, dic biét tai pH 9 chi
con 2,554+0,45 mg/L.

Nhin chung, ham lugng NHa" c6 xu hudng dat gia tri cao ¢ pH axit nhe (pH
4 — 5). Chung Y11 ¢6 xu huéng duy tri kha ning ¢6 dinh nito 6n dinh hon trong
khoang pH rong.

Viéc cac ching VKQTH van duy tri kha ning c¢d dinh nito tot trong diéu
kién moi trudng axit cho thdy chung thich nghi tét v6i didu kién dat chua, qua do
thé hién tiém ning Ung dung trong san xuat phan bon vi sinh cho ving dat nhiém
phen.

Két qua phan tich ANOVA cho thiy pH c¢6 anh huéng dén kha ning cb dinh
nito cua cac chung VKQTH (p <0,05).

3.5.2. Anh huéng ciia pH dén kha niing sinh truwéng va san sinh chat kich thich
TAA cua VKTQH

Chung GTio va Y11 dugc danh gia kha nang sinh trudéng va san sinh [AA
trong diéu kién nudi cay vi hiéu khi sang (3000 lux) voi pH khac nhau theo phuong
phap ctia Ahmad va cong su (2005) v6i d6 pH tir 4 dén 9. Két qua vé kha ning sinh
trudng va ham luong IAA san sinh ra trong moi truong & cac pH khac nhau trén
hinh 3.8, 3.9 va 3.10.
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Hinh 3.8. Kha nang sinh trwéng cua chung Y11 va GTio ¢ cac pH khac nhau

BYIL
EGTI10

AODgg

pH

trong diéu kién vi hiéu khi sing
Két qua thé hién trén do thi cho thdy ca hai chung VKTQH Y11 va GTio déu
sinh trudng trong khoang pH tir 4 — 9 trong diéu kién vi hiéu khi sang. Tuy nhién,

mure do sinh truong cia cac chiing thay doi rd rét tily theo do pH.

Déi v6i ching Y11, sinh trudng thip trong moi trudng axit voi gia tri AODsoo
dat khoang 0,57+0,18 & pH 4 va 0,93+0,22 ¢ pH 5. Khi pH tang Ién 6 va 7, sinh
trudng cua chung tang rd rét, dat lan lwot 1,3240,19 va 1,95+0,30. Gia trj sinh
truong cao nhat duge ghi nhan ¢ pH 8 (2,02+0,41), sau d6 giam xudng 0,95+0,23
khi pH ting 1én 9. Két qua nay cho thay chung Y11 thich nghi t6t trong diéu kién pH
trung tinh dén hoi kiém, v&i pH tdi vu khoang 7—8.

Dbi voi ching GTio, sinh truong ciing thap & pH 4 voi AODsw khoang
0,51£0,17. Khi pH méi1 truong tang 1én, sinh trudng ctuia chung ting nhanh, dat
1,72+0,20 & pH 5 va 2,33+0,32 & pH 6. Gia tri cao nhat duoc ghi nhan & pH 7
(2,40+0,21), sau d6 giam nhe & pH 8 va 9 nhung vin & mirc khd cao. Cho thiy
chung GTio sinh trudng t6t trong khoang pH gan trung tinh, v6i pH tdi uvu khoang 6
7.

Nhin chung, ca hai ching déu sinh truéng trong khoang pH twong d6i rong
nhung giam 3 rét & didu kién pH thap. Theo Hunter va cong sy (2009), VKTQH
sinh truong dugc trong khoang pH rong nhung tdi wu thuong nam trong khoang pH
6 — 7. Két qua nay twong dong voi dic diém sinh da duoc cong bd trong cac nghién

cuu trude cuia nhom VKTQH.



Hinh 3.9. Thi nghi¢m danh gia kha ning san sinh IAA bing thudc thir
Salkowski cia 2 ching Y11 va GT1o ¢ cac pH khac nhau trong diéu kién vi hiéu
khi sang
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Hinh 3.10. Ham luwgng IAA san sinh ra trong dich nudi (ug/mL) & cac pH khac
nhau ciia chiing Y11 va GTyo trong diéu ki¢n vi hiéu khi sing

Dbi v6i chung Y11, kha ning san sinh IAA thap trong diéu kién méi truong

axit. O pH 4, ham lugng IAA tao thanh chi dat khoang 24,17+1,09 pg/mL. Khi pH

tang lén, ham lugng TAA cua chung tang 10 rét, dat khoang 109,06+2,45 ng/mL &
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pH 5 va 120,2343,81 ug/mL & pH 6. O pH 7 va pH 8, luong IAA ting va gia tri cao
nhat tai pH 8 véi khoang 159,45+4,16 pg/mL. Tuy nhién, khi pH ting 1én 9, kha
ning san sinh IAA giam xubng con khoang 105,10+5,24 pg/mL. Két qua nay cho
thiy ching Y11 san sinh IAA t6t trong diéu kién pH trung tinh dén hoi kiém, voi pH
t6i wu khoang 7 — 8.

Tuong tu, chung GT1o ciing c6 kha ning san sinh IAA thip trong mdi truong
axit vdi ham luong khoang 68,20+3,60 ng/mL & pH 4. Khi pH moi truong tang 1én,
lwong TAA duge téng hop ting dang ké, dat khoang 139,11+4.81 pg/mL & pH 5 va
219,62+3,92 pg/mL & pH 6. O pH 7 va pH 8, ham luong IAA giam hon tai pH 6
nhung van kha cao, 1an luot khoang 208,03+2,93 ug/mL va 194,5143,52 pg/mL.
Khi pH ting 1én 9, kha ning san sinh IAA tiép tuc giam xudng con khoang
189,62+3,64 pg/mL. Piéu nay thdy GTio c6 thé sinh IAA tot trong diéu kién moi
truong c6 pH gan trung tinh, v6i pH t6i wu khoang 6 — 7.

Nhin chung, ca hai chuing VKTQH duoc lya chon déu co thé sinh IAA trong
diéu kién pH tu 4 dén 9, tuy nhién muc do san sinh IAA c6 su khac biét rd rét gitta
cac chung. Trong do, chung GTio cho ham lugng IAA cao hon so v&i ching Y11 ¢
hau hét cac diéu kién pH khao sat.

Dua vao két qua cho thdy pH vira anh hudong dén sinh trudng va ca su san
sinh JAA VKTQH dugc lya chon. Khi pH thich hop cho sinh truong, kha nang san
sinh TAA cua chiing ciing ting 1én theo. Tuy nhién, pH khong hoan toan dong nhat
giita sinh truong va sinh IAA do kha nang vuot troi tuy ching. Két qua nay chimg
té cac chung VKTQH nghién ctru ¢6 kha ning thich nghi v&i ca méi truong axit 1an
moi truong kiém va van duy tri kha ning san sinh IAA - hop chét co vai trd quan
trong trong kich thich sinh truong thyc vat.

Két qua phan tich ANOVA thay pH vira anh huéng dén sinh truong va ca
kha nang san sinh IAA cua cac chung VKQTH (p < 0,05).

3.5.3. Anh hwéng ciia ndng d mudi dén kha ning c6 dinh nito phén tir cia
VKTQH
Khao sat nong d6 NaCl trong khoang 0 — 3%. DAt man va rat min trong nong
nghiép thudng c¢6 ham luong mudi dao dong khoang 0,5 — 1,5%; do dé, khoang
khao sat 0 — 3% khong chi bao phu diéu kién ty nhién ma con mé rong dén mirc gy
stress nham danh gia su thich nghi cao ctia hai chung VKTQH nay.
Nubdi GTio va Y11 trong mdi truong DSMZ-27 16ng, khong chira ngudn nito co
bod sung mudi & cac nﬁ“)ng do: 0 — 3%. Khi N> dugc suc vao moi truong khoang 17 —

20 ml/L, diéu kién nudi vi hiéu khi sang, nhiét d6 phong. Sau 48 gio, ly tdm dich



48

nudi va danh gia kha ning san sinh ra NH4" bang thubc thir Nessler. Két qua ¢

Hinh 3.11 va 3.12.

Hinh 3.11. Thi nghiém danh gi4 kha ning san sinh NH4* bang thudc thir
Nessler ciia 2 chiing Y1 va GTio ¢ cic nong dd mudi khac nhau trong diéu kién

vi hiéu khi sang

MY1l1
BGT10

Ham lwong NH,' trong dich nuoéi
(mg/L)

1 1.5 2
Nong @6 NaCl (%)

Hinh 3.12. Ham hrogng NH," sinh ra trong dich nudi (mg/L) é cac nong do
mudi khac nhau ciia chiing Y11 va GTyo trong diéu ki¢n vi hiéu khi sang
Hinh 3.12 thdy ca Y11 va GT1o déu c6 thé c¢d dinh nito trong khoang ndng do
mudi NaCl twrong ddi rong tir 0 — 3%.
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Dbi v6i chung Y11, ham lwong NH4* sinh ra dat khoang 4,13+0,50 mg/L &
diéu kién khong bd sung mudi. Khi nong do NaCl ting 1én 0,5 — 1%, luong NHa*
sinh ra ting 1én va dat khoang 4,90+0,61 mg/L va 4,89+0,73 mg/L. Kha ning cb
dinh nito cua ching dat gia tri cao nhat ¢ 1,5% NaCl véi khoang 5,50+0,75 mg/L.
Tuy nhién, khi ndng d6 mudi tiép tuc ting 1én 2 — 3%, luong NH4* sinh ra c6 xu
huong giam dan Xuéng con khoang 5,05+0,48 mg/L, 4,48+0,56 mg/L va 4,15+0,61
mg/L.

Dbi v6i chung GTio, ham lwong NHa* sinh ra & diéu kién khong bd sung
mudi dat khoang 4,08+0,65 mg/L. Khi ndong d6 NaCl ting 1én 0,5 — 1%, luong
NH.* sinh ra dat khoang 4,15+0,80 mg/L va 4,22+0,82 mg/L. Khi néng d6 mubi
tiép tuc tang 1én 1,5% va 2%, luong NH4" sinh ra tang nhe dat khoang 4,37+0,76
mg/L va 4,45+0,77 mg/L. Tai ndng mudi 2,5% va 3%, kha ning c¢d dinh nito cia
chung van duoc duy tri vo1 ham lugng NHa4* lan luot khoang 4,55+0,88 mg/L va
4,63%+0,67 mg/L.

Nhin chung, ca hai ching Y11 va GT1o déu c¢6 thé chiu man tuong di tot va
van duy tri hoat dong cb dinh nito trong khoang néng d6 mubi rong. Trong do,
chung Y11 c6 xu hudéng dat hi¢u qua ¢d dinh nito cao hon & néng do mudi trung
binh (ndng d6 NaCl tir 1 — 2%), trong khi chiing GTio thé hién kha ning duy tri hoat
dong tuong d6i 6n dinh ngay ca ¢ nong d6 mudi cao hon. Pic diém nay cho thiy
cac ching VKTQH nay thich nghi t6t véi méi truong nhidém min, mo ra tiém ning
trong phuc vu canh tac & cac viung dat nhiém man hoic ven bién.

Két qua phan tich ANOVA cho thiy nong d6 mudi c6 anh huéng dén hoat
dong cb dinh nito cua cac chung VKQTH (p < 0,05).

3.5.4. Anh huéng ciia nong do mudi dén kha ning sinh truwémg va san sinh chat
kich thich TAA cia VKTQH

Chung GTio va Y11 duoc danh gia su sinh truéng va san sinh IAA trong diéu

kién nuéi cdy vi hiéu khi sang (3000 lux) véi cac nong d6 mudi tuong tu.
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Hinh 3.13. Thi nghiém danh gia kha ning san sinh IAA bang thudc thir
Salkowski ciia 2 chiing Y1 va GT1o & cic nong dd mudi khac nhau trong diéu
kién vi hiéu khi sang
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Hinh 3.14. Kha ning sinh truéng cia chiing Y11 va GTio & cac ndong d9 mudi
khac nhau trong diéu kién vi hiéu khi sang
Hinh 3.14 cho thiy ca hai chung Y11 va GTio déu c6 sinh truong dugc trong
khoang nong do NaCl tir 0 — 3% tai diéu kién vi hiéu khi sang. Tuy nhién, muc do

sinh trudng cua cac chung c¢6 xu hudng gidm khi do man tang.

Déi v6i ching Y11, sinh trudng cao nhat ¢ didu kién khong b sung NaCl voi
gia tri AODsoo dat khoang 2,57+0,28. Khi nong d6 mubi ting 1én 0,5% va 1%, sinh
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trudng cua chung gidm nhe, dat lan luwot 2,53+0,48 va 2,42+0,36. O cac néng do
mudi cao hon tir 1,5% dén 3%, sinh truong tiép tuc giam va chi con khoang 1,15 —
2,22. Két qua nay cho thdy chung Y11 sinh truéng tot trong méi truong didu kién
khong nhifm min hoic chi nhi®m min nhe, giam dang ké khi ndong d6 mudi ting

cao.

Dbi v6i chung GTio, sinh truéng cia vi khudn twong ddi 6n dinh trong cac
diéu kién nudi cdy c6 nong d6 mudi khac nhau. O diéu kién khong bd sung NaCl,
gia tri AODsoo dat khoang 2,50+0,34. Khi néng do mubi tang 1én 0,5 — 1,5%, sinh
trudng cua ching ting nhe va dat gid tri cao nhat & 1,5% NaCl (2,72+0,60). Khi
noéng d6 mudi tiép tuc ting 1én 2 — 3%, sinh trudng tuy cé giam nhung van & mirc
tuong d6i cao (2,12 — 2,45). Két qua nay cho thdy chung GTio c¢6 kha ning thich
nghi tot hon vé&i diéu kién méi trudng nhiém man.

Nhin chung, ca hai chung VKTQH déu c6 thé sinh trudng trong moi trudng
man. Tuy nhién, sinh truéng ctia ching Y11 giam rd rét khi nong d6 mudi ting cao,
trong khi chung GT1o van duy tri sinh truéng twong doi tét. Picu nay cho thiy GTio
thich nghi tot hon v&i méi trudng nhiém min, day 1a dic diém co y 16n trong san

xuat ndng nghiép tai cac vung dat bi xam nhap man.
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Hinh 3.15. Ham luwgng IAA san sinh ra trong dich nuéi (ug/mL) cta ching Yn
va GT10 6 cac ndng dd mudi khac nhau trong diéu kién vi hiéu khi sang
Dbi v6i kha ning san sinh IAA, két qua cho thay ca hai chiung Y11 va GTio
déu co thé téng hop IAA trong khoang ndng do NaCl tir 0 — 3%, tuy nhién ham

luong IAA tao thanh thay doi 16 rét theo ndng do mudi ctia moi truong nudi cay.
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Dbi v6i ching Y11, ham lugng IAA cao nhit duoc ghi nhan & ndng d6 NaCl
0,5% vé6i khoang 267,66+5,46 pg/mL. O diéu kién khong bd sung mudi, luong IAA
dat khoang 195,97+5,09 pg/mL. Khi nong d6 mubi ting 1én 1%, ham luong IAA
giam xubng con khoang 156,23+4.80 pg/mL va tiép tuc giam & cac ndng do mudi
cao hon tir 1,5 — 3%, chi con trong khoang 147,27 — 178,21 pg/mL. Két qua nay
cho thay chung Y11 san sinh IAA tbt trong diéu kién min nhe nhung kha ning tong

hop TAA giam dang ké khi ndng d6 mudi ting cao.

Déi v6i ching GTio, ham lwong IAA ting dan khi ndng d6 mubi ting tir 0 —
1,5%. O diéu kién khong bd sung mudi, luong IAA dat khoang 207,80+5,61
ng/mL; khi nong d6 mudi ting 1én 0,5% va 1%, ham lugng IAA dat lan luot
253,10+6,82 pg/mL va 260,23+5,91 pg/mL. Gia tri cao nhat dugc ghi nhan ¢ 1,5%
NaCl véi khoang 280,71+7,73 pg/mL. Khi nong d6 mudi tiép tuc ting 1én 2 — 3%,
kha ning sin sinh IAA gidm nhe nhung van duy tri & mutc cao (khoing 270,66 —
275,00 ug/mL). Piéu nay cho thay chiung GT1o c6 kha ning san sinh TAA tét trong

di€u kién man nhe dén trung binh.

Nhin chung, ca hai chung VKTQH duogc lya chon déu san sinh IAA diéu
kién nhiém min. Tuy nhién, ching GTio cho ham luong IAA cao hon so v&i chiing

Y11 & hau hét cac diéu kién khao sat, cho théy kha nang chiu man tdt hon.

Toém lai, néng dd mudi caa moi truong nuoi céy anh huong dén su sinh
truong va ca kha ning sinh IAA cua cac chang VKTQH. Khi ndng d6 mudi nim
trong khoang khong phil hgp cho sinh trudng thi kha ning tong hop IAA cia cac
chung ciing & mirc cao. Nguoc lai, khi ndng d6 mubi ting cao, sinh truéong va kha

nang san sinh [AA cling giam.

Dic biét, chung GTio cho thdy kha ning sinh trudng va san sinh IAA tuong
ddi tot trong diéu kién moi truong man. Pac diém nay la vu diém 16m tai céc vung
bi nhiém man.

Két qua phan tich ANOVA cho thiy néng d6 mudi c6 anh huong dén kha
nang sinh truéng, san sinh IAA cua cac chung VKQTH (p < 0,05).
3.5.5. Anh huwéng cia nhiét d6 dén kha ning c6 dinh nito phan tir va sinh
trueong cua VKTQH

Nudi cdy GTio va Y11 trén méi truong DSMZ-27 1ong khong chira ngudn

nito diéu kién vi hiéu khi sang voi khi N2 duoc suc vao méi truong khoang 17 — 20
ml/L, & cac nhiét do: 15 — 17 °C, 25 — 30 °C, 40 — 45 °C. Sau 48 gio, ly tam dich

nudi va danh gia kha ning san sinh ra NH4* bang thudc thir Nessler.
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Hinh 3.16. Ham lwong NH4" sinh ra trong dich nudi (mg/L) ¢ cac nhiét d khac

nhau cia chiing Y11 va GTo trong diéu kién vi hieu khi sang

Két qua Hinh 3.16. cho thay ca Y11 va GTio déu co thé ¢ dinh nito trong
cac khoang nhiét do khao sat. Tuy nhién, muc do ¢ dinh nito ctia cac chung co su

thay ddi 13 rét theo nhiét do nuoi céy.

Pdi vai chung Y11, & khoang nhiét @6 15 — 17 °C, ham lugng NH4" dugc
tao ra dat khoang 4,30+0,64 mg/L. Khi nhiét do tang Ién 25 — 30 °C, lugng NH4*
duogc tao ra tang 1€n va dat gia tri cao nhét khoang 5,04+0,44 mg/L. Tuy nhién, khi
nhiét cao muc 40 — 45 °C, kha ning c6 dinh nito cua ching giam xudng con khoang
3,75+0,41 mg/L. Két qua nay cho thiy ching Y11 c6 kha ning ¢ dinh nito tot nhat
& khoang nhiét do trung binh tir 25 — 30 °C, trong khi ¢ diéu kién nhiét d6 thap hodc

cao hon, hoat dong c6 dinh nito cta vi khuan c6 xu hudng giam.

Tuong tu, ddi véi chung GTio, ham lugng NH4* dugc tao ra & khoang nhié¢t
do 15 — 17 °C dat khoang 3,84+0,38 mg/L. Khi nhiét do tdng lén 25 — 30 °C, lugng
NH4" dugc tao ra tdng 1én dang ké va dat gia tri cao nhat khoang 4,90+0,58 mg/L.
Tuy nhién, & khoang nhiét d6 40 — 45 °C, kha ning cb dinh nito cta ching giam
xudng con khoang 3,17+0,42 mg/L. Xu hudng niy cho thdy nhiét d6 trung binh
cling 1a diéu kién thich hop nhét cho hoat dong cb dinh nito ctia chung GTio.

Két qua cho thiy hai ching VKTQH nay c6 thé duy tri hoat dong cb dinh
nito trong diéu kién nhiét do bién dong, qua d6 budc dau cho thiy tiém ning tng

dung cua ching phuc vu canh tac lta dat nudce co khi hau nhiét déi nhu Viét Nam.
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Két qua phan tich ANOVA cho thiy nhiét d6 c6 anh huong dén kha ning
¢b dinh nito cta cac ching VKQTH (p < 0,05).

Dong thoi, kha ning sinh trudng cua cac chung ciing duoc theo doi sau 7
ngay nudi cdy & cac diéu kién nhiét d6 twong tmg. Viéc danh gia sinh truéng cia
cac ching & cac khoang nhiét do khac nhau gop phan danh gia kha ning thich nghi
sinh thai cua VKTQH. Trong diéu kién canh tac l0a tai mién Bac Viét Nam, nhiét
d6 moi trudng bién dong 1on gitra cac mua, co thé giam xudng khoang 15 °C hay
tang cao 1én trén 40 °C tiy mua. Do d6, cac ching duoc Gmg dung can c6 kha ning
sinh truéng va duy tri hoat tinh sinh hoc trong dai nhiét 4o rong. Bén canh do, viéc
danh gia sinh truong két hop véi kha ning cd dinh nito giup lua chon duoc cac
chung khong chi ¢6 hoat tinh ¢6 dinh N2 cao ma con c6 kha niang phat trién sinh

khéi tt, dam bao hiéu qua va tinh 6n dinh khi tng dung trong diéu kién thuc té.
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Hinh 3.17. Kha nang sinh truéng cia ching Y1 va GTio & cac nhiét do khac
nhau trong diéu kién vi hiéu khi sing

Hinh 3.17 thiy Y11 va GTio déu c¢6 c6 thé sinh truong trong trong diéu kién
nudi cay voi cac khoang nhiét do tuong ddi rong tir 15 — 17 °C dén 40 — 45 °C.

Déi voi chung Y11, sinh trudng cua chung & khoang nhiét d6 thap 15 — 17 °C
dat gia tri AODsoo khoang 1,37+0,40. Khi ¢ khoang nhiét d6 Iy tudng 25 — 30 °C, sinh
truong cua chung tang dat 2,30+0,56. O khoang nhi¢t do khéc nghiét cao tur 40 — 45
°C, sinh trudng cla chung giam nhe voi gid tri AODsoo khoang 1,99+0,27. Cho thay
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ching Y11 sinh trudng t6t nhat tai khoang 25 — 30 °C, tuy nhién van c6 thé thich nghi
tai ca diéu kién néng hay lanh.

Xu huéng sinh truéng chung GTio ciing twong tu nhu Yii. O khoang nhiét do
15 — 17 °C, gia tri AODsoo dat khoang 1,25+0,55. Khi nhiét do tang 1én 25 — 30 °C,
sinh truéng cua chung tang ro rét va dat gia tri cao nhét khoang 1,97+0,46. Khi nhiét
d6 tiép tuc ting 1én cao 40 — 45 °C, sinh truéng ciia ching giam xudng con khoang
1,71+0,44. Vay GTo ciing sinh truong t6t nhat trong khoang nhiét d6 trung binh .

Nhu viy, ngoai kha nang ¢ dinh nito phan tu, ca 2 chung lya chon déu c6
kha ning sinh truéng kha tot ¢ hai ngudng nhiét d6 15 — 17 °C va 40 — 45 °C va
sinh trudng tot nhat & 25 — 30 °C. Do vay, 2 chung VKTQH lya chon nay c6 thé six
dung 1am phan bon vi sinh mang dic diém sinh truéng va hoat tinh phu hop véi khi
hau cua nudc ta.

Két qua phan tich ANOVA cho thiy nhiét d6 c6 anh huong dén kha ning
sinh truong cua cac chung VKQTH (p < 0,05).

3.5.6. Anh hwéng ciia nhiét do dén kha niing sinh trwéng, san sinh chit kich
thich TAA cua VKTQH.

Chung GTio va Y11 dugc danh gid su sinh trudng va san sinh IAA trong diéu
tuong tu.
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Hinh 3.18. Kha nang sinh truéng ctia ching Y11 va GT1o & cac nhiét do khac

nhau trong diéu ki¢n vi hiéu khi sang



56

Két qua thé hién ¢ Hinh 3.18 cho thiy c4 hai chung VKTQH Y11 va GTio
déu sinh trudng trong khoang nhiét do tir 15 — 45 °C trong diéu kién vi hiéu khi
sang. Chung déu sinh trudng tot nhat ¢ khoang nhiét 46 25 — 30 °C, kha ning sinh

trudng kém hon & nhiét do thép hon hoac cao hon.

V61 ching Yi1, & khoang nhi¢t do 15 — 17 °C, gid tri AODsoo khoang
1,43+0,24. Khi nhi¢t do tang 1én 25 — 30 °C, gid tr1 AODsoo dat cao nhat khoang
2,87+0,24. Khi nhiét d6 tang 1én 40 — 45 °C, sinh truéng cua ching giam xudng con
khoang 1,75+0,21.

Poi véi chung GTio, xu huéng sinh trudng cia vi khuan ciing tuong tu. O
nhi¢t d§ 15 — 17 °C, gié tri AODsoo dat khoang 1,64+0,38. Khi nhiét do 25 — 30 °C,
sinh trudng cia ching tot nhat véi gia tri AODsoo khoang 2,50+0,28. Khi nhiét do
tang 1én 40 — 45 °C, sinh truéng cta chung giam xudng con khoang 1,67+0,22.

Nhin chung, ca hai chuing VKTQH dugc lya chon déu co kha nang sinh
truong trong khoang nhiét d6 kha rong, tuy nhién nhiét d6 t6i wu cta chung nam
trong khoang 25 — 30 °C. Khi nhiét do thép hodc qué cao, tdc do sinh trudng cla vi

khuan giam.
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Hinh 3.19. Ham lwgng IAA sin sinh ra trong dich nuéi (ug/mL) & cac nhiét d¢

khac nhau ciia chiing Y11 va GT1o trong diéu kién vi hiéu khi sang
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Déi v6i kha ning san sinh TAA, két qua & Hinh 3.19 cho thay ca Y11 va GTio
déu c6 thé sinh IAA trong khoang nhiét d6 thi nghiém.

bbi véi chung Y11, kha nang san sinh IAA ¢ 15 — 17 °C dat 108,304+2,64
pug/mkL, tai 40 — 45 °C dat va 88,75+3,41. O 25 — 30 °C, kha nang san sinh IAA cua
dat gia tri cao nhét khoang 190,64+6,54 ng/mL. Két qua nay cho thdy ching Y11 co

kha ning sinh IAA cao nhit & khoang nhiét d6 t6i wu cho sinh trudng cua vi khuén.

Dbi v6i ching GTio, xu hudng bién doi ham luong IAA theo nhiét do ciing
tuong tu. O khoang nhiét d§ 15 — 17 °C, ham lugng IAA dat khoang 103,84+4,30
ng/mL. Khi nhiét do ting 1én 25 — 30 °C, luong IAA duge tong hop ting 1én va dat
gia trj cao nhit khoang 204,90+5,57 ug/mL. Tai 40 — 45 °C, kha ning san sinh IAA
ctia chung giam xudng con khoang 98,17+5,42 pg/mL.

Tom lai, nhiét d6 méi truong khong chi anh huong dén kha ning sinh truong
ma con tac dong rd rét dén kha ning san sinh IAA cia VKTQH. Ca hai chung Y1
va GT1o déu wa khoang nhi¢t d¢ 25 — 30 °C, khi nhiét do thép 15— 17 °C hoac tang
1én 40 — 45 °C thi kha ning sinh truéng va san sinh IAA déu giam.

Pic diém nay c6 ¥ nghia quan trong trong viéc ung dung cua cac chiing
VKTQH dé san xuat ché phém vi sinh phuc vu canh tac laa, boi khoang nhiét dg 25
— 30 °C ciing 1a diéu kién nhiét d6 pho bién trong méi trudng dat va nudc & cac

vung tréng lua tai Viét Nam.

Két qua phan tich ANOVA cho thdy nhiét do c¢6 anh huong dén kha ning
sinh truong, san sinh IAA cta cac chung VKQTH (p < 0,05).
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KET LUAN VA KIEN NGHI
1. KET LUAN

e Di phan lap dugc 24 chung VKTQH khong luu huynh tir cic mau dat va mau
nuée duoc thu thap ngau nhién & cac rudng lua nude, ruong lia nhiém phén,

nhiém min tai Nam Dinh.

e Tir 24 chung VKTQH phan 1ap duoc di tuyén chon duoc hai ching GTio va
Y11 tiém ning c6 kha ning cb dinh nito phan tir va sinh chat kich thich sinh
truong [AA.

e Dua trén cac dic diém sinh hoc va phan tich trinh ty gen 16S rDNA cua céc
chung VKTQH tiém ning di xic dinh duoc ching GTio thudc loai
Rhodobacter capsulatus va chung Y11 thudc loai Rhodopseudomonas

palustris.

e Panh gia anh hudng cia diéu kién nudi cay cho thay ca 2 chung GT1ova Y1
déu c6 kha ning cb dinh nito phén tir, sinh trudng, san sinh chét kich thich
IAA & cac diéu kién pH tuong ddi rong tir pH 4 — 9, ndng d6 mudi dén 3%,
va cac diéu kién nhiét d6 15 — 17 °C, 25 — 30 °C, 40 — 45 °C. Hai chung nay
cho thay tiém ning 16n trong viéc phat trién thanh ché pham phan bén vi sinh

nham nang cao ning suat cay la.
2. KIEN NGHI

e Xac dinh cac diéu kién nudi cdy tdi wu trong phong thi nghiém khi VKTQH
chiu tac dong ddng thoi cua nhiéu yéu td, nham tim ra diéu kién tt nhét cho
kha ning sinh truéng, ¢ dinh nito va sinh IAA, 1am co s& san xuat ché pham
vi sinh 6n dinh va hiéu qua khi tmg dung thuc té.

e Tién hanh thir nghiém hai chung VKTQH di Iwa chon trén dong rudng thuc
nghiém dé danh gia hiéu qua kha ning cb dinh nito va thuc day sinh truong
cay lua.

e Mo rong tuyén chon ching tir nhiéu canh dong thudc cac tinh, ving co dic

diém thd nhudng khic nhau dé tim thém céc chung VKTQH tiém ning.
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PHU LUC

Phu luc 1: Ham lwong NH4" sinh ra trong dich nuéi (mg/L) ¢ cac pH khac

nhau cia ching Y11 va GTyo trong diéu Kkién vi hiéu khi sing nhau

Chung

GTio Yu
pH Ham lwgng NH4" trong dich nuéi (mg/L)
4 5,17£0,55 5,01£0,50
5 5,35+0,60 5,15+0,63
6 4,17+0,66 3,95+0,58
7 4,15+0,71 3,90+0,47
8 3,70+0,76 4,58+0,55
9 2,55+0,45 4,17+0,60

Phu luc 2: Kha nang sinh trwéng cua chung Y11 va GTy 6 cac pH khac nhau

trong di€¢u kién vi hiéu khi sang

Chiing GTo Y
pH AODsoo
4 0,51+0,17 0,57+0,18
5 1,72+0,20 0,93+0,22
6 2,33+0,32 1,32+0,19
7 2,40+0,21 1,95+0,30
8 2,22+40,30 2,02+0,41
9 2,10+0,32 0,95+0,23




Phu luc 3: Ham lwgng IAA san sinh ra trong dich nudi (pg/mL) & cac pH khac

II

nhau cia chiing Y11 va GTyo trong diéu kién vi hiéu khi sang

Chung

GTo Y
pH Ham lwgng IAA san sinh ra (ug/mL)
4 68,20+3,60 24,17+1,09
5 139,11+4,81 109,06+2,45
6 219,62+3,92 120,23+3,81
7 208,03+2,93 148,21+3,97
8 194,51+3,52 159,45+4,16
9 189,62+3,64 105,10+5,24

Phu luc 4: Ham lwong NHq4* sinh ra trong dich nudi (mg/L) ¢ cac ndng do mudi

khac nhau ciia chiing Y11 va GTo trong diéu kién vi hiéu khi sang

Ching GTio Y1
NaCl (%) Ham lwong NH4* trong dich nudi (mg/L)
0 4,08+0,65 4,13+0,50
0,5 4,15+0,80 4,90+0,61
1 4,224+0,82 4,89+0,73
1,5 4,37+0,76 5,50+0,75
2 4.45+0,77 5.05+0.48
2,5 4,55+0,88 4,48+0,56
3 4.63+0,67 4.15+0.61




Phu luc 5: Kha ning sinh truéng cia ching Yu va GT10 6 cac ndng dd mudi

I1I

khac nhau trong diéu kién vi hiéu khi sang

Chung

GTio Yu
NaCl (%) AODsoo
0 2,50+0,34 2.57+0.28
0,5 2,71%0,35 2.53+0.48
1 2.63+0.39 2.42+036
1,5 2.7240.60 2,05+0,40
2 2.45+0.30 2.22+0.42
2,5 2.24+0,40 1,250.32
3 2.12%0.50 1152024

Phu luc 6: Ham luwgng IAA san sinh ra trong dich nuéi (ug/mL) cta ching Yn

va GTyo & cac nong do muoi khac nhau trong di€u kién vi hiéu khi sang

Chﬁng GTio Y11
NaCl (%) Ham lugng IAA san sinh ra (ug/ml)
0% 207,80+5,61 195,97+5,09
0,5% 253,10+6,82 267,66£5,46
1% 260,23+5,91 156,23+4,80
1,5% 280,71+7,73 178,21+£3,97
2% 275,00+£7,10 155,45+4,16
2,5% 271,50+5,81 146,10+5,24
3% 270,66+6,60 147,27+4,35

Phu luc 7: Ham lwgng NH4" sinh ra trong dich nuéi (mg/L) & cac nhiét do khac

nhau cuia chiing Y11 va GTio trong diéu kién vi hieu khi sang

STT Ki hi¢u Ham lwgng NHs* dwgce tao ra (mg/L NHy")
chung 15-17 °C 25-30 °C 40-45 °C
1 Y 4,30+0,64 5,04+0,44 3,75+0,41
2 GTio 3,84+0,38 4,90+0,58 3,17+0,42




IV

Phu luc 8: Kha nang sinh truwéng cia ching Y1 va GTio & cac nhiét do khac

nhau trong diéu kién vi hiéu khi sing

Ki hiéu AODgoo
STT o
chung 15-17 °C 25-30 °C 40-45 °C
1 Yu 1,37+0,40 2,3+£0,56 1,99+0,27
2 GTio 1,25+0,55 1,97+0,46 1,71+0,44

Phu luc 9: Ham luwgng IAA san sinh ra trong dich nuéi (ug/mL) & cac nhiét d¢

khac nhau ciia chiing Y11 va GT1o trong diéu kién vi hiéu khi sang

STT Ki hi¢u Ham lwgng IAA san sinh ra (ug/ml)
ching 15-17 °C 25-30 °C 40-45 °C
1 Yu 108,30+2,64 190,64+6,54 88,75+3,41
2 GTio 103,84+4,30 204,90+5,57 98,17+5,42

Phu luc 10: Kha nang sinh trwéng cia ching Y11 va GTio ¢ cac nhiét d¢ khac

nhau trong diéu kién vi hiéu khi saing (méi trwong GA)

STT Ki hiéu AODgpo
chung 15-17 °C 25-30 °C 40-45 °C
Y 1,43+0,24 2,87+0,24 1,75+0,21
2 GTio 1,64+0,38 2,50+0,28 1,67+0,22
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Phu luc 11: Trinh tw gene 16S rDNA ciia 2 chiing vi khuén tia quang hop
tuyén chon

Yi11- Rhodopseudomonas palustris 1390 bp:

GCGGCAGGCTTAACACATGCAAGTCGAACGGGCGTAGCAATACGTCAGTGG
CAGACGGGTGAGTAACGCGTGGGAACGTACCTTTTGGTTCGGAACAACACAGGGAAA
CTTGTGCTAATACCGGATAAGCCCTTACGGGGAAAGATTTATCGCCGAAAGATCGGCC
CGCGTCTGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGATCAGTAGCTG
GTCTGAGAGGATGATCAGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGA
GGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTG
AGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTTGTGCGGGAAGATAATGACGGTACC
GCAAGAATAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCT
AGCGTTGCTCGGAATCACTGGGCGTAAAGGGTGCGTAGGCGGGTTTCTAAGTCAGAGG
TGAAAGCCTGGAGCTCAACTCCAGAACTGCCTTTGATACTGGAAGTCTTGAGTATGGC
AGAGGTGAGTGGAACTGCGAGTGTAGAGGTGAAATTCGTAGATATTCGCAAGAACAC
CAGTGGCGAAGGCGGCTCACTGGGCCATTACTGACGCTGAGGCACGAAAGCGTGGGG
AGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCCAGCCGTT
AGTGGGTTTACTCACTAGTGGCGCAGCTAACGCTTTAAGCATTCCGCCTGGGGAGTAC
GGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCAT
GTGGTTTAATTCGACGCAACGCGCAGAACCTTACCAGCCCTTGACATGTCCAGGACCG
GTCGCAGAGACGTGACCTTCTCTTCGGAGCCTGGAGCACAGGTGCTGCATGGCTGTCG
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCCGTCCTT
AGTTGCTACCATTTAGTTGAGCACTCTAAGGAGACTGCCGGTGATAAGCCGCGAGGAA
GGTGGGGATGACGTCAAGTCCTCATGGCCCTTACGGGCTGGGCTACACACGTGCTACA
ATGGCGGTGACAATGGGAAGCTAAGGGGTGACCCTTCGCAAATCTCAAAAAGCCGTC
TCAGTTCGGATTGGGCTCTGCAACTCGAGCCCATGAAGTTGGAATCGCTAGTAATCGT
GGATCAGCATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACC
ATGGGAGTTGGCTTTACCTGAAGACGGTGCGCTAACCCGCAAGGGGGGCAGCCGGCC
ACGGTAGGTCAGCG

GTio-Rhobobacter capsulatus 1362 bp:
TGGCGGCAGGCCTAACACATGCAAGTCGAGCGAGACCTTCGGGTCTAGCGG
CGGACGGGTGAGTAACGCGTGGGAACGTGCCCTTTGCTACGGAATAGCCCCGGGAAA
CTGGGAGTAATACCGTATGTGCCCTTCGGGGGAAAGATTTATCGGCAAAGGATCGGCC
CGCGTTGGATTAGGTAGTTGGTGGGGTAATGGCCTACCAAGCCGACGATCCATAGCTG
GTTTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGA
GGCAGCAGTGGGGAATCTTAGACAATGGGGGAAACCCTGATCTAGCCATGCCGCGTG
AGCGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCAGGTGGGAAGATAATGACGGTACC
ACCAGAAGAAGCCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGCT
AGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGATCAGAAAGTCAGAG
GTGAAATCCCAGGGCTCAACCTTGGAACTGCCTTTGAAACTCCTGGTCTTGAGGTCGA
GAGAGGTGAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACA
CCAGTGGCGAAGGCGGCTCACTGGCTCGATACTGACGCTGAGGTGCGAAAGCGTGGG



VI

GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCCAGTCGT
CGGCAGGCATGCCTGTCGGTGACACACCTAACGGATTAAGCATTCCGCCTGGGGAGTA
CGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA
TGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAACCCTTGACATCGAGATCGCG
GTTACCAGAGATGGTTTCCTTCAGTTCGGCTGGATCTTAGACAGGTGCTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTCGGTTAAGTCCGGCAACGAGCGCAACCCACACTT
TCAGTTGCCATCATTCAGTTGGGCACTCTGGAAGAACTGCCGATGATAAGTCGGAGGA
AGGTGTGGATGACGTCAAGTCCTCATGGCCCTTACGGGTTGGGCTACACACGTGCTAC
AATGGTGGTGACAATGGGCCAATCCCAAAAAGCCATCTCAGTTCGGATTGGGGTCTGC
AACTCGACCCCATGAAGTCGGAATCGCTAGTAATCGCGTAACAGCATGACGCGGTGA
ATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAATTGGGTCTACCCT
AAGATGGTGCGCCAACCAGCAATGGAGGCAGCCAGCCACGTAG
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ABSTRACT

This study aimed to select purple photosynthetic bacteria (PPB) isolated from various paddy
fields, including saline fields in Giao Thuy and paddy fields in Y Yen, based on their biofertilizer
properties. Among 24 PPB isolates, strains GT10 and Y11 exhibited the highest efficiency in
indole-3-acetic acid (IAA) production and nitrogen fixation. GT10 colonies were circular and
convex, with smooth surfaces, reddish brown, diameter: 0.9-1.2 mm. The cell suspension
appeared reddish-brown. Colonies of strain Y11 were spread out, reddish brown, slimy, diameter:
1.8-2.2 mm, with a purple-colored cell suspension. GT10 cells were oval-shaped (0.9-1.25 um
long, 0.6-0.7 um wide) and reproduced by binary fission. In contrast, Y11 cells were rod-shaped
(1.4-1.58 pum long, 0.36-0.441 um wide) and reproduced by budding. Elemental sulfur globules
were not observed in either strain. Both were Gram-negative and contained bacteriochlorophyll a
as their primary photosynthetic pigment. The GT10 strain was able to use carbon sources such as
acetate, propionate, lactate, succinate, formate, citrate, mannitol, sorbitol, glycerol, glutamate,
isopropanol, sulfide, but not tartrate, methanol, or ethanol. These characteristics are consistent
with the genus Rhodobacter. Y11 strain was able to use carbon sources such as acetate,
propionate, lactate, succinate, formate, citrate, mannitol, sorbitol, glycerol, glutamate, or sulfide,
but did not utilize tartrate, methanol, ethanol, or isopropanol. These capacities are similar to those
of the Rhodopseudomonas species. Based on 16S rDNA sequencing, strain Y11 was identified as
Rhodopseudomonas palustris, while strain GT10 was Rhodobacter capsulatus. The combined
application of GT10 and Y11 strains may offer a sustainable biofertilizer alternative to chemical
fertilizers in rice cultivation.

Keywords: 1AA production, fixing molecular nitrogen, Rhodopseudomonas palustris,
Rhodobacter capsulatus, Purple photosynthetic bacteria.
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INTRODUCTION

Crop productivity and production efficiency
are central goals in modern agriculture. Among
the contributing factors, fertilizers are vital in
enhancing crops’ yield and quality. In rice
cultivation (Oryza sativa), particularly under
intensive farming systems, productivity cannot
be sustained without fertilizer inputs (Kantha et
al., 2015). Consequently, nitrogen-based
chemical fertilizers have been widely applied to
increase rice yield. However, prolonged use of
these fertilizers is associated with several
environmental concerns, including declining soil
health and groundwater contamination by nitrate
(Wang & Yang et al., 2003).

Increasing demands for organic farming
products have recently encouraged farmers to
utilize biofertilizers instead of chemicals. For
instance, applying cultures of effective
microorganisms (EM) to certain agricultural
lands in Asia, including Vietnam, has been
reported to improve soil quality, promote crop
growth, and enhance crop vyield. Recently,
sustainable agriculture has been promoted, and
plant ~ growth-promoting  bacteria  and
biofertilizers are among the substitutes for
chemical fertilizers. Nitrogen is one of the
major essential elements for plant growth.
Biological nitrogen fixation by Ny-fixing
microorganisms is an effective mechanism for
converting N, into ammonium ions (NH,"),
which can be used by plants (Olivares et al.,
2013). Purple photosynthetic bacteria (PPB) are
among nitrogen-fixing bacteria and are
candidates for applications in paddy fields due
to their extraordinary metabolic versatility, i.e.
photoautotrophic, photoorganotrophic,
chemoautotrophic and chemoorganotrophic
(Sakarika et al., 2020). PPB not only fix N,, but
also  produces plant  growth-promoting
substances (PGPSs) such as indole-3-acetic acid
(IAA). 1AA, commonly known as ‘IAA’
belongs to the group of auxins. Auxins are
essential for plant development and have a
cardinal role in regulating many growth and
behavioural processes in the plant’s life cycle.
They are responsible for plant cell division,
extension and specialization (Tsavkelova et al.,
2006). Specifically, IAA is a phytohormone
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playing a role in the growth activation of plants
by inducing plant mineral uptake and root cell
elongation (Sakarika et al., 2020). It also
increases plant tolerance to salinity and low-
temperature stress (Watanabe et al., 2000).
Purple photosynthetic bacteria have been
extensively used to enhance plant growth due to
their metabolic versatility. PPB can utilize
various organic compounds as carbon and
energy sources during photoorganotrophic and
chemoorganotrophic growth (Kim et al., 2004;
Kantachote et al., 2005). There are claims that
PPB can remove environmental contaminants
such as H,S and develop mechanisms of
resistance to high concentrations of toxic metals
such as Hg, As, Cd, Cu, Pb, and Zn (Ercal et al.,
2001; Panwichian et al., 2010b), including Na
(Panwichian et al.,, 2010a). Therefore,
employing PPB in paddy fields could provide
an attractive method to reduce chemical
fertilizer use, aid rice plants in withstanding
harsh conditions, and improve product quality.
The experiment was set up in two fields, one as
a control and the other as a PPB-treated field by
Yen et al. (2022). PPB-treatment significantly
increased root length (25%), root dry weight
(57%), productive tillers per plant (26%),
average grains per plant (38%), grain yield
(33%), 1000 grain weight (1.6%), and harvest
index (41%). Hence, from this research, it can
be concluded that foliar application of PNSB on
rice crops under field conditions improves crop
growth and yield (Yen et al., 2022).

Limited studies have explored the potential
of PPB as biofertilizers for paddy fields in
Vietnam. Therefore, this study aimed to isolate
and select PPB strains that can fix nitrogen
(NH,") and produce indole-3-acetic acid (IAA)
to promote plant growth. The selected PPB
strains may offer a practical and eco-friendly
alternative to chemical fertilizers in rice
cultivation, especially under challenging
environmental conditions.

MATERIALS AND METHODS
Sampling

Soil and water samples were collected
from saline paddy fields in Giao Thuy and
non-saline fields in Y Yen, Nam Dinh,
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Vietnam. Soil samples were collected from 0-
0.5 cm below the soil surface, while water
samples were taken from 0.5 cm below the
water surface. The pooled soil samples were
immediately transported to the laboratory
under ambient conditions. The samples were
subsequently subjected to enrichment culture
to isolate purple non-sulfur bacteria.

Enumeration and isolation of purple
phototrophic  bacteria from  sample
collections

Purple phototrophic bacteria were enriched
from the samples using cumulative cultivation
in cylindrical plastic bottles (diameter = 5 cm,
height = 35 cm), designed based on a modified
Winogradsky column. Water and soil samples
were introduced into the bottles at a ratio of 1:1
(for water samples) or 9:1 (for field soil
samples). The bottles were then filled with a
modified DSMZ-27 liquid medium, sealed, and
incubated under continuous incandescent light
at approximately 3000 lux. The composition of
the DSMZ-27 medium (per 1 L) was as
follows: K,HPO,, 1 g; KH,PO, 05 g;
MgS0,-7H,0, 0.4 g; NaCl, 15 g; NH,CI, 0.4 g;
CaCl,-2H,0, 0.05 g; yeast extract, 0.3 g;
sodium acetate, 1 g; succinic acid, 0.5 g; trace
element solution, 1 mL; vitamin solution, 1
mL; agar, 20 g (for solid media); and distilled
water up to 1000 mL. The initial pH was
adjusted to 6.8-7.0 before autoclaving. The
trace element solution (per 1 L) contained: HCI
(25%), 6.5 mL; FeCl,-4H,0, 1.5 g; H3;BOs, 0.3
g; MnCl,-2H,0, 0.03 g; CoCl,-6H,0, 0.2 g;
ZnSO47H,O, 0.1 g; CuCl,:2H,0, 17 mg;
NiCl,-6H,0, 24 mg; and Na,Mo0,-2H,0, 36
mg; in distilled water to a final volume of 1 L.
The vitamin solution (1 L) consisted of:
thiamine, 500 pg; niacin, 500 pg; and biotin,
15 pg, dissolved in distilled water. The solution
was filter-sterilized and added aseptically to the
medium before use. All media and containers
were sterilized by autoclaving at 121 °C for 15
minutes before use.

Isolation of purple phototrophic bacteria

After one week of enrichment, pigmented
biofilms ranging from brown-yellow to purple-
red developed along the inner walls of the

culture flasks, indicating the presence of purple
non-sulfur bacteria (PPB). Samples from these
zones were streaked onto DSMZ-27 agar plates
and incubated under nitrogen-flushed
microaerobic  conditions with  continuous
illumination (~3,000 lux). After 3-5 days,
pigmented colonies (brown, pink, or purple)
appeared. Repeated sub-culturing yielded pure
isolates. Each pure culture was preserved by
stabbing into DSMZ-27 agar at 4 °C or
suspending in 20% glycerol and storing at
-80 °C. Isolates were identified based on
morphological, cultural, and physiological
characteristics. Gram staining was performed,
and bacteriochlorophyll content was measured
using a UV-visible spectrophotometer (V-530,
JASCO, Japan).

To evaluate carbon source utilization, a
modified DSMZ-27 medium was prepared by
replacing acetate and succinate with various
test carbon sources (e.g., formate, citrate,
tartrate, glycerol, glucose, methanol, ethanol,
mannitol, sorbitol, propionate, sulfide,
glutamate, isopropanol). Yeast extract was
used as the sole nitrogen source. Each test
medium was inoculated (1.0 mL culture per
vial, in triplicate), sealed, and incubated under
light (~3,000 lux) for 7 days. Growth was
assessed via ODgyy measurement.

Culturing of purple phototrophic bacteria

A single colony of purple non-sulfur
bacteria was inoculated using a sterile platinum
needle and put into a screw-cap tube under
aseptic conditions. The tube was filled with
liguid DSMZ-27 medium, sealed tightly, and
incubated at room temperature (~25-28 °C)
under continuous illumination from an
incandescent lamp. Cells were harvested at the
end of the exponential growth phase, and 10%
of the culture volume was used as an inoculum
for subsequent flask cultures. Flask cultivation
was performed in 100mL flasks under
microaerobic-light conditions to acclimate the
cells to the experimental environment.

Growth of purple photosynthetic bacteria
assessment

The growth of the purple non-sulfur
bacterial cultures was monitored by measuring
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the optical density at 800 nm (ODgy,) using a
UV-visible  spectrophotometer  (UV-160A,
Shimadzu, Japan).

Selection of isolated purple phototrophic
bacteria with No-fixing ability

PPB strains previously isolated from saline
paddy fields were screened for their nitrogen-
fixing capability. A nitrogen-free medium,
slightly modified from Vatsala et al. (2011),
was used for this purpose. The medium
composition per liter was as follows: sodium
acetate, 1.0 g; K;HPQ,, 0.9 g; KH,PO,, 0.6 g;
MgSO,, 0.2 g; FeSO,, 0.012 g; EDTA, 0.018 g;
CaCl,, 0.075 g; Na,Mo00,2H,0, 0.01 g;
MnSQO44H,0, 2.8 mg; ZnSO, 0.75 mg;
CuSOy, 0.24 mg; HzBO3, 0.016 mg; and biotin,
0.001 mg. The final pH was adjusted to 7.0
using distilled water. Each isolate was
inoculated into screw-cap tubes containing
nitrogen-free medium at a volume ratio of 10%
(v/v). The tubes were filled to eliminate
headspace, while the uninoculated medium was
a negative control. All cultures were incubated
under microaerobic conditions at room
temperature (~25-30 °C) and illuminated with
incandescent light (~3,000 lux) for 48 hours.
According to Kolev (2007), nitrogen gas
dissolves in water at concentrations of
approximately 17-20 mg/L at 20-30 °C and
1 bar, which is presumed sufficient to support
N, fixation in sealed tubes. After incubation, the
cultures were centrifuged at 8000 rpm for
15 minutes to collect cell-free supernatants. To
screen for NH," release, 0.5mL of each
supernatant was tested by adding a few drops of
Nessler’s reagent. The intensity of color
development was used as a qualitative indicator
of ammonium production: no color indicated
absence of NH,", pale yellow indicated low
levels, yellow indicated moderate levels, and
brown indicated high NH," levels. Supernatants
showing strong positive reactions were further
quantified for ammonium concentration using a
UV-visible spectrophotometer.

IAA production test

IAA production by PPB isolates was
assessed following the method described by
Ahmad et al. (2005). The isolates were
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cultured in a glutamate-acetate (GA) medium
in which L-sodium glutamate was replaced by
1 mM L-tryptophan as the IAA precursor.
Cultures were incubated under microaerobic-
light conditions for 5 days. After incubation,
cultures were centrifuged at 8,000 rpm for
15 minutes, and the supernatants were
collected for IAA determination. To quantify
IAA, 1 mL of each culture supernatant was
mixed with 2 mL of Salkowski’s reagent (2%
of 0.5 M FeCl; in 35% HclO, solution) in a
test tube. The mixture was incubated at room
temperature for 25 minutes, and the
absorbance was measured at 530 nm using a
spectrophotometer. IAA concentration was
determined based on a standard curve
generated with pure IAA. The GA medium
used for IAA production contained (per 1L
distilled water, pH adjusted to 7.0): 3.8 ¢
sodium glutamate, 5.44 g sodium acetate
monohydrate, 2.0 g yeast extract, 0.5 ¢
KH2PO4, 0.5 g KzHPO4, 0.8 g (NH4)2HPO4,
0.2 g MgSO,47H,0, 53 mg CaCl,-2H,0, 1.2
mg CoCl,-6H,0, 1.2 mg MnSO,-5H,0, 0.01
mg biotin, 2.5 mg ferric citrate, and 1.0 mg
nicotinic acid.

Purple phototrophic bacteria identification

To identify the selected purple non-sulfur
bacterial (PPB) strains, 16S rDNA sequence
analysis was performed. The strains were
cultivated in liqguid DSMZ-27 medium, and cells
were harvested by centrifugation. Genomic
DNA was extracted from the cell pellets using
the ADT DNA extraction kit according to the
manufacturer’s protocol. PCR amplification of
the 16S rDNA gene was carried out in a 25 pL
reaction mixture containing: 1 plL each of
primers 27F (5’-AGA GTT TGA TCC TGG
CTC AG-3’) and 1492R (5’-GGT TAC CTT
GTT ACG ACT T-3’); 25 uL of 10x PCR
buffer; 2.5 uL of MgCl, (25 mM); 2 uL of
dNTP mix (2.5 mM); 2 uL of DNA template
(~100 ng); 0.25 pL of Taq DNA polymerase
(5 U/uL); and 13.75 pL of nuclease-free water.
PCR conditions were as follows: initial
denaturation at 95 °C for 5 min, followed by
30 cycles of denaturation at 95 °C for 50 s,
annealing at 55 °C for 30 s, and extension at
72 °C for 2 min, with a final extension step at
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72 °C for 10 min. PCR products were
visualized by electrophoresis on 0.8% agarose
gel and detected under UV light using a gel
documentation system (GelDoc/UV
transilluminator). Target DNA bands were
excised and purified using the QIAquick Gel
Extraction Kit (Qiagen, USA). Purified PCR
products were sequenced using the Sanger
method (Sanger et al., 1977) on an ABI Avant
Genetic Analyzer (Applied Biosystems, USA) at
the Key Laboratory of Gene Technology,
Institute of Biology. The obtained sequences
were analyzed using BLAST (NCBI) and
DNASTAR software to identify closely related
sequences. Multiple sequence alignments and
phylogenetic analyses were performed using
MEGA, ClustalX, and PHYLIP software
packages.

Statistical analysis

All experiments in this study were
conducted in three replicates. Mean values
and the standard deviations are presented.
Data were analyzed using one-way ANOVA,
and statistically significant differences were
considered at p < 0.05.

RESULTS

Isolation of purple photosynthetic bacteria

From water and soil samples collected 1.5
to 2 months after rice transplantation in Nam
Dinh, 24 purple photosynthetic bacteria (PPB)
strains were successfully isolated. These
isolates exhibited considerable diversity in
colony morphology, including size, shape, and
pigmentation variations. Colony colors ranged
from brown, yellowish-brown, and reddish-
brown to purple-red, dark red, and pink.
Cellular morphology among the isolates was
also heterogeneous, comprising short rods,
oval-shaped cells, and spherical forms. No
intracellular sulfur granules were observed in
any of the strains. Most isolates reproduced
via binary fission or budding. Based on cell
shape and the absence of sulfur inclusions, all
24 isolates were preliminarily classified
within the family Rhodospirillaceae, a group
of purple non-sulfur bacteria.

Selection of PPB with the ability to release
NH,"

Table 1. The concentrations of NH," released
by the isolated PPB strains under
microaerobic-light conditions for 48 h

No. PPB strains NH, *(mg/L)
1 GT, 2.63 +0.92
2 GT, 3.05 + 0.60%
3 GTx 0.40 +0.01°
4 GTu 3.02 +1.04%®
5 GT, 3.97 + 1.03%f
6 GTy 3.67 + 0.99%f
7 GT, 4.19 +0.73%
8 GTs 00 + 0.00°
9 GTs 0.33 +0.10°
10 GT, 2.70 + 1.05“
11 GT, 3.07 £ 1.01°®
12 GT, 3.80 + 0.90%f
13 GTy 4.34 +0.85%
14 2 0.85 +0.18%
15 Y 4.63+0.71
16 Y12 2.12 +0.78"
17 Y2 1.29+0.77®
18 Y3 4.15 + 0.64%
19 Y4 3.77 £ 0.85%%f
20 Y5 3.54 +0.71%f
21 Y6 3.55 + 0.95%f
22 Y7 3.72 +0.67°%
23 Y8 2.40 + 0.89%
24 Y9 3.94 + 0.94%f
25 Negative control 0,00

Note: Different lowercase letters (a, b, c, d, e, f) in
the same column indicate a statistically significant
difference (one —way ANOVA with Duncan’s post
hoc, p < 0.05).

Nitrogen fixation by purple non-sulfur
bacteria (PPB) is generally sufficient under
strictly anaerobic conditions, as nitrogenase
activity is vulnerable to oxygen (Masepohl et
al., 2009). However, paddy fields are not
completely anaerobic, even under flooded
conditions, which is a common practice in rice
cultivation. During the day, photosynthetic
oxygen production and its subsequent
transport from leaves to roots can introduce
oxygen into the rhizosphere and surrounding
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sediments (Larsen et al., 2015). While some
of this oxygen is consumed in methane
oxidation, a portion remains and hinders the
establishment of strictly anaerobic
environments (Gutierrez et al., 2014). To
better reflect in situ field conditions, this study
investigated the nitrogen-fixing capacity of
PPB under microaerobic-light conditions. A
total of 24 PPB strains previously isolated
from sediment and water samples in rice
paddies were evaluated for their ability to fix
atmospheric N, as inferred from ammonium
(NH,") release in a nitrogen-free medium
(Table 1).

The results demonstrated that 23 of
24 isolated strains exhibited nitrogen-fixing
activity, as indicated by the ammonium
accumulation (NH,4") in the nitrogen-free culture
medium. However, the extent of nitrogen
fixation varied among the isolates. Of the
24 strains, 20 were classified as medium-level
NH," producers, and three exhibited low-level
production, while no NH," was detected in
strain GTs. The 20 medium-level strains
released between 1.29 + 0.77 and 4.63 =+
0.71 mg/L of NH,". Notably, four strains
exhibited  high  nitrogen-fixing  capacity,
producing more than 4.15 + 0.64 mg/L NH,",
and their performance significantly differed
from the remaining strains (p < 0.05).

Despite this, after 48 hours of incubation,
biomass accumulation in nitrogen-free
medium remained low across all tested
strains, suggesting that NH," utilization was
minimal under these conditions.

Selection of PPB with the ability to produce
Indole-3-acetic acid (IAA)

Following isolation, the 24 PPB strains
were cultured in liquid form to evaluate their
indole-3-acetic acid (IAA) production
capacity. Each strain was inoculated into an
improved glutamate-acetate (GA) medium
supplemented with 1 mM L-tryptophan at a
10% (v/v) inoculum ratio. The initial cell
density in the experimental flasks reached
approximately 10° CFU/mL. Flasks were
sealed with rubber stoppers to maintain
microaerobic conditions, and control flasks
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containing only sterile medium were included.
All cultures were incubated under continuous
illumination at room temperature (25-30 °C)
for five days. IAA concentrations in the
culture supernatants were quantified using a
modified Salkowski colorimetric assay. The
IAA production levels of each PPB strain
after five days of incubation under
microaerobic-light conditions are summarized
in Table 2.

The results indicated that all 24 isolated
strains were able to grow well in the modified
GA medium supplemented with 1 mM L-
tryptophan. Among them, 21 strains produced
detectable levels of indole-3-acetic acid (IAA),
although IAA production varied significantly
among isolates. IAA concentrations ranged
from 54.33 + 3.10 to 205.40 £ 5.85 mg/L, as
determined using the colorimetric Salkowski
assay (Table 2). These findings suggest that
PPB strains isolated from rice fields in Nam
Dinh possess considerable 1AA-producing
potential under microaerobic-light conditions.
Three isolates did not produce detectable levels
of IAA under the tested conditions. Among all
strains, GTy and Yy, exhibited the highest
levels of IAA production and demonstrated
strong nitrogen-fixing capacity (Tables 1 & 2).
Consequently, these two strains were selected
for further taxonomic identification and
characterization.

Morphological, physiological and biochemical
characterization of strains

For the identification of purple non-sulfur
bacteria (PPB), several biological, physiological,
and biochemical characteristics were examined,
including colony and cellular morphology,
bacteriochlorophyll absorption spectra, carbon
source utilization, and 16S rDNA sequence
analysis. Colonies of strain GT, were circular,
convex, smooth-surfaced, and reddish-brown,
with a diameter ranging from 0.9 to 1.2 mm.
The corresponding cell suspension also
appeared reddish-brown. In contrast, colonies of
strain Yy; were spreading, slimy, and reddish-
brown, with diameters between 1.8 and 2.2 mm;
the cell suspension appeared purple. Cell
morphology, size, cell division mode, and
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flagella presence were observed using scanning
electron microscopy (SEM; Model S-4800,
Hitachi, Japan). GT10 cells were oval-shaped,
unicellular, and measured 0.6-0.7 pm in width
and 0.9-1.25 pum in length. These cells
reproduced via binary fission and no
intracellular sulfur granules were detected
(Fig. 1). Cells of strain Y;; were rod-shaped,

measured 1.4-1.58um in length and 0.36-
0.44 um in width, and were observed either as
single cells or in short chains. These cells
reproduce by budding. Like GTy, no
intracellular sulfur granules were observed in
Y, cells. Both strains were determined to be
Gram-negative. Representative colony and cell
morphologies are shown in Figure 1.

Table 2. The concentrations of IAA production in GA medium supplemented with tryptophan
by the isolated PPB strains under microaerobic-light conditions for 5 days

No. PPB strains AODgqg IAA productions (zg/ml)
1 GT, 1.88 +0.19 78.0 + 4.92%f
2 GT, 2.63 +0.60 58.24 + 5.60°
3 GTx 1.98 £ 0.19 0.00 + 0.00°
4 GTy 2.04 +0.27 67.98 + 5.04°
5 GT, 2.45+0.23 87.15 + 7.03"
6 GTy 2.23+0.29 118.87 + 5.90"
7 GT, 2.48 +0.35 188.96 + 6.73"
8 GTs 1.65 +0.24 73.05 + 4.05%
9 GTs 1.99 +0.22 54.33 + 3.10°
10 GT, 1.97 £ 0.30 82.70 £ 5.05°%"
11 GTs 2.07 £0.30 90.07 + 6.01°
12 GT, 2.31+0.25 83.80 + 4.90°%"
13 GTy 2.53 +0.50 205.4 + 5.85'
14 Y, 2.81+0.41 59.22 + 5.88°
15 Y 2.73+0.24 191.63 + 7.41%
16 Y1, 2.81+0.34 81.81 + 3.78%f
17 Y2 1.95 + 0.27 58.63 + 3.77°
18 Y3 2.93+0.35 146.15 + 5.64'
19 Y4 1.85 +0.38 79.67 + 4.85%
20 Y5 2.71+0.36 76.54 + 5.71°%
21 Y6 2.55+0.29 0.00 + 0.00°
22 Y7 2.05+0.31 0.00 + 0.00°
23 Y8 2.90 +£0.42 79.48 + 4.85%
24 Y9 2.23+0.35 68.18 + 2.97°
25 Negative control 0,00 0.00

Note: Different lowercase letters (a, b, ¢, d, e, f, I, k, g, h, I, k) in the same column indicate a statistically
significant difference (one —way ANOVA with Duncan’s post hoc, p < 0.05).

Based on colony morphology, cell
suspension color, and cellular structure, strain
GTyo was preliminarily assigned to the genus
Rhodobacter, while strain Y;; was classified
within the genus Rhodopseudomonas. A key
feature distinguishing purple photosynthetic
bacteria (PPB) from other phototrophic
microorganisms is their ability to synthesize

bacteriochlorophylls (BChls) under illuminated
conditions. Both GT10 and Y11 strains were
cultivated in DSMZ-27 liquid medium under
anaerobic  conditions ~ with  continuous
illumination from incandescent lamps to
evaluate this characteristic. After four days of
incubation,  corresponding to the mid-
exponential growth phase, the
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bacteriochlorophyll  content in the cell characteristic peaks at 807 and 872 nm, while
suspensions was analyzed strain Y11 exhibited maximum absorption at
spectrophotometrically. Absorption spectrawere 804 and 862 nm. These absorption maxima
measured in the 400-900 nm range using within the 800-900 nm range are typical of
Navaspec Il (England) and UV-1650PC bacteriochlorophyll a in the cytoplasmic
(Shimadzu, Japan) spectrophotometers. The membranes of PPB (Plennig & Triper, 1992),
absorption spectrum of strain GTyy showed further supporting their taxonomic classification.

, -2 -

Figure 1. Colonies of strain (A), The cell morphology (B) of Y1 strains; Colonies of strain (C),
The cell morphology (D) of GT10 strains
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Figure 2. The absorption spectrum of GTyo and Yy, strains
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Ability to use carbon sources

In addition to their capacity for CO,
fixation, purple photosynthetic bacteria (PPB)
can utilize a wide range of organic carbon
sources for growth. Some of these species-
specific carbon sources can serve as
taxonomic indicators for bacterial
classification. To evaluate the carbon source
utilization profiles of strains GTy and Yy,
both isolates were cultured in a modified

DSMZ-27 medium, replacing sodium acetate
with various alternative carbon sources.
Cultivation was carried out under both
anaerobic-light and aerobic-dark conditions,
using liquid and solid media. The comparative
ability of strains GTy and Yy to utilize
different carbon sources was assessed about
known profiles of Rhodobacter capsulatus
and Rhodopseudomonas palustris, based on
the studies by Girija et al. (2010) and Imhoff
& Triper (1989) in Table 3.

Table 3. Comparison of carbon source utilization by strains GT, and Y1, concerning Rhodobacter

capsulatus and Rhodopseudomonas palustris (Girija et al., 2010; Imhoff & Triper, 1989)
Carbon source | GTy | Rhodobacter capsulatus Y Rhodopseudomonas palustris
Acetate ++++ + ++++ +
Succinate ++++ + ++++ +
Formate + + + +
Tartate - - - -

Citrate ++ + ++ +
Glycerol - +++ +
Glucose +++ + ++++ +
Methanol - - - +
Ethanol - - - +
Manitol +++ + ++ +
Sochitol ++ + +++ +
Propionate + + + +
Sulfide +++ + +++ +
Glutamate ++++ + ++++ +
Isopropanol + + - +

Note: Increased cell density at wavelength of 800 nm after 7 days of culture; (++++), AOD > 1.5; (+++),
AOD from 1.0 to 1.5; (++), AOD from 0,5 to 1.0; (+), AOD from 0.1 to 0.5; and (=), AOD < 0.1 (no

growth).

The results showed that under both
anaerobic-light and aerobic-dark conditions,
strain GTyq could utilize a wide range of carbon
sources, including acetate, propionate, lactate,
succinate, formate, citrate, mannitol, sorbitol,
glycerol, glutamate, isopropanol, and sulfide.
However, it was unable to utilize tartrate,
methanol, or ethanol. This carbon utilization
profile closely resembled that of the genus
Rhodobacter, particularly R. capsulatus, which,
unlike other members of the genus such as
Rhodobacter sphaeroides, Rhodobacter
veldkampii, and Rhodobacter adriaticus, is
capable of metabolizing both formate and

isopropanol (Imhoff & Truper, 1989). Similarly,
strain Yy; demonstrated the ability to utilize
acetate, propionate, lactate, succinate, formate,
citrate, mannitol, sorbitol, glycerol, glutamate,
and sulfide, but not tartrate, methanol, ethanol,
or isopropanol. This metabolic profile is
consistent with the genus Rhodopseudomonas,
and most closely aligned with R. palustris.
Based on these physiological characteristics, it is
likely that strain GTy, belongs to the species
R. capsulatus, while strain Yj; belongs to
R. palustris. 16S rDNA gene sequencing was
subsequently conducted to confirm their precise
taxonomic positions.
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Bacterial identification

All selected strains were analyzed based on
their 16S rRNA gene sequences to validate these
taxonomic  predictions, and phylogenetic
relationships were constructed as shown in
Figure 3. Comparative analysis using the
GenBank database revealed that strain GTy
shared the highest sequence similarity with
R. capsulatus, displaying over 99% homology
with sequences from strains of this species.
Specifically, GT10 exhibited 99.12% sequence
identity with R. capsulatus ATCC 11166
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(GenBank accession no. D16428.1). Similarly,
strain Y; showed high sequence homology with
R. palustris, sharing over 99% identity with
reference sequences, including R. palustris
strain  D12700 (GenBank accession no.
D12700). The results of molecular identification
were consistent with previous phenotypic
characterization,  further  supporting  the
classification of GTy as R. capsulatus and Yy,
as R. palustris. Phylogenetic analysis was
performed using the neighbor-joining method
with 1,000 bootstrap replications to assess the
robustness of the tree topology.

Rhodobacter capsidarus GT10

o7 Rhodobacter capsulatus ATCC 11166 (D16428)

ol

100

99

87

92

Rhodobacter aestuarii JA296T (ANT4B926)
‘—Rhodobacter bilasticus ATCC 33485 (DQ342322)
Rhodobacter changlersis JA139T (AN399030)
o7 Rhodobacter sphaeroides YL101 (DMGS5T76212)
81‘|;Rhoa’obacter azofgformans KLAZ2S (D70846)
88 I_ Rhodobacter ovatus TA234T (ANMG690348)
Rhodobium marirmen (D30790)
Blastochloris sulfoviridis (DB86514)
Rhodoblastus acidophilus DSNM137T (FR733696)
Rhodopseudomonas pseudopalustris DSM 123 (AB498818)
Rhodopseudomonas rirenobacernsis (ABOETT19)

-Rhodopseudomonas harwoodiase JAS3I1TT (FINE13512)

80 Rhodopsendomonas palusiris (D12700)

100 R

—
0.0z

2P e palustris Y11

Figure 3. Phylogenetic tree constructed using the neighbor-joining method based on 16S rRNA
gene sequences, illustrating the relationships of strains GT, and Y, with reference taxa within
the domain Bacteria. Bootstrap values (based on 1000 replicates) are shown at the nodes. The
scale bar indicates the number of nucleotide substitutions per site

DISCUSSION

Over the past two decades, the trend of

overusing chemical fertilizers in agriculture
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has increased, with excess nitrogen fertilizer
becoming standard in rice production;
however, the fertilization principles have not
been adhered to, resulting in low fertilizer use
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efficiency (Bui Ba Bong, 2013). The
overapplication of chemical fertilizers has
been linked to increased disease susceptibility,
greater dependence on pesticides, reduced
product quality, environmental pollution, and
higher greenhouse gas emissions (Truong Hop
Tac, 2009). To mitigate these negative
impacts, it is essential to investigate integrated
fertilization strategies that combine inorganic,
organic, and microbial fertilizers. Organic and
microbial fertilizers are crucial in crop
production, providing vital nutrients and
maintaining long-term soil fertility. Among
microbial inoculants, the most extensively
studied nitrogen-fixing groups in rice
cultivation include free-living cyanobacteria,
heterotrophic bacteria, and cyanobacteria in
symbiotic association with aquatic ferns
(Choudhury et al., 2004). Additionally, purple
photosynthetic bacteria (PPB) have emerged
as promising candidates due to their nitrogen-
fixing abilities and production of plant
growth-promoting  substances. Laboratory
studies have demonstrated their potential to
enhance cereal growth and increase rice yield
(Montano et al., 2009; Harada et al., 2005).
To produce fertilizer for rice, particularly in
saline rice areas, we have isolated 24 strains
of photosynthetic purple bacteria with varying
morphological characteristics. These strains
were evaluated for their ability to fix
molecular nitrogen. The results indicated that
nineteen medium-level NH," releaser strains
released between 0.33 + 1.10 and 4.63 *
0.71 mg/L. Notably, four strains were capable
of fixing N, achieving over 415 =
0.64 mg/L, and exhibited a statistically
significant difference (p < 0.05) compared
with all other tested bacterial strains. These
findings align with those by Nookongbut et al.
(2019), who isolated PPB from peat swamp
forests in Thailand. In contrast to purple
photosynthetic bacterial strains previously
isolated from rice fields by Sakpirom et al.
(2017) the strains obtained in the present
study demonstrated a higher nitrogen-fixing
capacity after 48 hours of incubation under
light microaerobic conditions. Similarly,
compared to the survey conducted by Nguyen
Thi Thu Hang et al. (2015), in which

Azotobacter strains AZT1 and AZT7 were
cultured in  liquid  Ashby  medium
supplemented with 2% glucose (pH 7.0) at
30 °C for 72 hours, nitrogen fixation
capacities of 3.36 and 3.32 mg/L were
reported, respectively. The nitrogen-fixing
performance of the strains isolated in this
study surpassed these values under
comparable experimental conditions. Our six
selected strains exceeded these figures, with
NH," production surpassing 3.94 mg/L.
According to the study of Thai Thanh Duoc &
Nguyen Huu Hiep (2022), screening 25
strains on Nfb liquid medium without a
nitrogen source after 48 hours, the nitrogen-
fixing bacteria strains isolated from corn roots
all had the ability to synthesize NH," ranging
from 0.35-4.33 mg NH,"/L. This synthesis
ability is equivalent to the photosynthetic
purple bacteria strains isolated by us.
According to the research results of Pham Thi
Ngoc Lan & colleagues (2020), the study had
two strains with strong growth and nitrogen
fixation ability in Ashby liquid medium,
strains N55 and N96. The NH," content was
21.14 mg/mL and 59.60 mg/mL. The
molecular nitrogen fixation capacity of these
two strains was higher than that of the PPB
strains we isolated.

The 1AA content produced by our PPB
isolates was also significant. It exceeded the
IAA levels (63.11-73.87 ppm). Hoang Kim
Chi et al. (2019) reported in root-zone bacterial
strains isolated from turmeric. Compared with
the 1AA production ability of the PPB group
isolated from a field contaminated with Cd and
Zn in Thailand, published by Sakpirom &
colleagues (2017), the IAA content produced
by the isolated strains was 25—60 times higher.
However, compared with the acid-tolerant PPB
strains isolated in Thailand by Nookongbut &
colleagues (2019), the 1AA content produced
by the acid-tolerant strains from (43.5 £ 0.67)-
(302.6 £ 1.77) mg/L was higher than that of the
isolated PPB strains. Compared with the
Enterobacteria, Azotobacteria & Pseudomonas
species isolated from the rice rhizosphere soil
in Colombia by the research group Torres &
colleagues (2000), which produced the highest
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IAA of 32.2 pg/mL, the 1AA production ability
of the 24 screened strains, of which 21 strains
produced higher IAA.

This study initially screened 24 PPB
strains, of which four were identified as
potential biofertilizers based on NH," release
(Table 3). Following further screening for
indole-3-acetic acid (IAA) production (Table
2), three strains (GT4, GT10, and Y11) were
identified as the most effective producers.
Among them, strains GT10 and Y11
demonstrated high IAA production and strong
nitrogen-fixing capabilities. These findings
suggest that identifying strains suitable for
field application requires broad (extensive)
and targeted (intensive) screening efforts.
Nevertheless, such efforts are justified, given
the multifunctional potential of the selected
isolates. Subsequent characterization of GT10
and Y11 included assessments of cell
morphology, photosynthetic pigment profiles,
and carbon source utilization. The carbon
utilization analysis revealed that both strains
were capable of metabolizing various carbon
sources, including species-specific substrates.
Notably, both strains could grow using sulfide
as an electron donor. These combined
physiological traits support the high potential
of strains GT10 and Y11 as biofertilizer
candidates for enhancing rice growth under
diverse field conditions.

Under  anaerobic  conditions,  the
rhizosphere often supports the growth of
sulfate-reducing bacteria (SRB), leading to the
production of hydrogen sulfide (H,S) (Harada
et al., 2001b). H,S at a concentration of 0.05
to 1 mg/mL adversely impacted rice cultivars
by reducing the uptake rate of nutrients. This
is due to H,S inhibiting respiration and the
oxidative power of rice roots. GTyy and Yy
strains can use H,S as an electron donor for
photosynthesis (Harada et al., 2001a, b). This
ability may reduce sulfide toxicity in rice
roots and enhance nutrient assimilation,
improving grain production.

Strains GTy, and Yy
characterized based on biological,
physiological, and biochemical features,
including colony and cell morphology,

were further
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bacteriochlorophyll absorption spectra, carbon
source utilization, and 16S rDNA sequence
analysis. Based on these analyses, strain Yy
was identified as R. palustris, while strain GTy
was most closely related to R. capsulatus.

CONCLUSION

In summary, two purple non-sulfur bacterial
strains, GTy and Y;, were successfully isolated
from rice fields in Nam Dinh, Vietnam. Both
strains demonstrated significant abilities to fix
atmospheric nitrogen and produce indole-3-
acetic acid (IAA). Based on their biological
characteristics and 16S rDNA sequence
analysis, strain Yy was identified as
R. palustris, while strain GTy, was identified as
R. capsulatus. These two strains exhibit
promising potential for development as
microbial  biofertilizers to enhance rice
cultivation. Further field-based studies are
recommended to evaluate their effectiveness
under real soil and environmental conditions,
especially in saline-affected rice-growing areas.
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