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T6M TAT 

Anh sdng Id nhan td quan ttpng dieu fada su sinh trudng va phdt trien ciia thijc vdt. Thirc vdt su dimg anh 
sdng nhu nguon ndng luong dg tdng hpp cdc hop chat hihi co qua qua trinh quang hop, hay sii dî ng dnh sang 
nhir ngudn thdng tin cho cdc chuong frinh quang chu ky, quang hirdng dpng va quang phat sinh hinh thai. 
Nhiing dap iing ndy phii thupc vdo cudng do, chat lugng dnh sang (budc sdng), thdi gian chiSu sang va quang 
ky chiSu sdng. Vi vdy, cd the sir dyng anh sang nhdn t^o Ah kiSm sodt s\f sinh trudng vd phdt triSn thuc vdt 
trong nha kinh vd trong in vitro. Nhin chung, den huynh quang la ngudn chieu sang chinh frong nhan gidng vd 
tinh thyc vdt. Tuy nhien, ngudn sdng ndy phat ra budc sdng tir 350 den 750 nm, trong dd, cd nhiiu budc sdng 
khdng cd lpi cho s\f smh trudng ciia thî c vat. Ngoai ra, den huynh quang con tda nliiet trong qua trinh thap 
sang nen cdn mpt lupng diSn nang dS ldm mdt phdng nudi cay. Den LED dd dupc chung minh nhu ngudn sang 
hi$u qud cho cdc phong thi nghidm nghien ciiu cay trong hoac cac he thong hd frg tai sinh sinh hpc. Sii dung 
den LED cd the chpn duoc budc sdng phu hgp vdi sy sinh frudng vd phdt trien ciia thuc vat, qua do cd the 
nang cao nSng suat sinh hoc mdt cdch toi da. Da cd mpt so lucmg ldn cac nghiin ciiu iing dyng chieu sang LED 
trin thuc vdt. Cdc nghiSn ciiu t^p trung din sinh Ij", smh hda cdy trdng nhu k^o ddi thdn, tai sinh chdi bSn, chdi 
bat dinh, hinh thdnh phoi vo tinh, tong hgp cdc hgp chat thir cap dudi he thong chieu sang LED. Trong bai tdng 
quan nay se khdi qudt lich sii ra ddi vd qua ttinh phdt friSn cung nhu ung d^ng ciia den LED frong nuoi cdy md 
te bao thirc vgt vd canh tac cdy frdng. 

Tk khoa: LED, nhan giong vo tinh, phat sinh hinh thai, quang hap, sinh truong va phat trien 

Gldl THIEU ngudn dien nang la thap nhat. Tuy nhien, cac nghien 
ciri ttong nude ve ITnh vuc nudi cay mo hien nay 

Anh sang la ySu td quan ttpng ttong su sinh chu yeu tap tmng vdo nghien cuu anh hudng ciia cac 
trudng cua thuc v^t: anh sang tac dOng ddn qua trinh phytohormone trong qua trinh phat sinh hinh thai 
quang hpp, quang phat sinh hinh thai va dap irng hay sinh tnrdng va phdt trien cua th\rc vat md chira di 
hudng sang. Sir ddp irng nay phu thu0c vao cudng dp sau tim hieu vai trd cila dnh sdng trong vi nhan 
dnh sdng, chit lupng dnh sang vd thdi gian chidu gidng, dac biet Id ngudn chiSu sdng tir den LED 
sdng. Viec ndm viing tdc dpng ciia anh sang din qua (Light-emitting diode). Den LED cho phep kiem soat 
trinh sinh ly th\rc v^t co thS di6u khifin dupc su sinh tiianh phdn quang phd va diSu chinh cudng dp chiau 
trudng va phat triSn ciia cay ttdng ttong nha kinh sang, ngoai ra co the md phong nhihig thay doi 
cung nhu ttong didu ki§n in vitro. Tuy nhien, nang tuong ung vdi cudng dp anh sang mat ttai ttong 
lupng phuc vu cho qua trinh thdp sdng chidm dSn ngay. Chung cd kha nang tao ra cudng dp dnh sdng 
65% vd lam mat chiim din 25% trong tdng nang cao vdi lupng biic xg nhiet thap va tudi thp co the len 
lupng ciia mpt quy trirdi nhan gidng. Vi vay, mot din nhieu nam, Khdng giong nhu bdng den spi dot 
ttong nhiing vin d i can thiit d i tiiiit lap rapt quy hay den huynh quang chiia cac dien cue co th i gay 
trinh cong nghp nudi ciy md t6i uu va tiit kiem chi nd nen phai thay dinh ky. Den LED co cau tnic dac 
phi, chinh la lam thi nao d i cai tiin hp thdng chiiu nen an toan khi sii dung. Sir phat ttiin nhanh chdng 
sdng ma vdn dam bao sp sinh trudng va phat triin ciia cong nghe quang diSn tii ke tir giiia nhiing nam 
binh thudng ciia thyc vat, ttong khi dd, chi phi cho 1980 da cdi thipn dang ki hipu qua va do sang ciia 
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den LED. Den LED tii lau dd dupc di xuit nhu 
ngudn chieu sang chu yeu cho cac phdng thinghipm 
nghien ciiu cay trdng hodc cac h^ thong hd trp tai 
sinh smh hpc. Chi phi nang lupng ngay cdng tdng 
cao ldm cho vipc sir dpng den LED trong ndng 
nghipp ngdy cang dupc md r^ng. Den LED da md ra 
tnen vpng mdi cho viec tdi uu hda chuyen doi ndng 
lupng cua hp thdng chiiu sang trong phdng nuoi cay 
mo hay ttong nha Idnh, diiu dd cd n ^ a nang lupng 
se dupc sii dpng hieu qua hon khi cay frdng sinh 
tnrdng dudi d^n LED thay vi den huynh quang 
tmyen thong. Uu diem nay cd dupc la nhcr cau t^o vd 
cdch Unic chuyen ddi nang lupng dien thdnh ndng 
lupng dnh sdng d$c bipt cua den LED. Hang logt cdc 
cong bd ling dpng d^n LED d cdc giai doan khde 
nhau trong qud trinh nhdn gidng tren nhieu ddi tupng 
cay trdng khde nhau: Dia lan (Tanaka et al., 1998); 
Dja hodng (Hahn et al., 2000); Chudi, Bgch dan, Dau 
tdy, Lan y, H 6 di§p (Nfaut, 2002); Lily (Lian et al., 
2002); Ciic (Kim el al, 2004); Nho (Heo et al., 
2006); Dorilaenopsis (Shin el al., 2008); Bong vdi 
(Li el ai, 2010)... Cdc nghien cuu diu cho thiy din 
LED cd tiem ndng thay the den huynh quang nhu 
nguon sang nhan tao ttong vi nhan gidng cay trdng 
vd cdc ling dpng khde trong ndng nghiep. Bdi tong 
quan ndy se cung cap nhiing thong tin khdi qudt v i 
Ijch sii phdt trien, cdu tnic vd nguyen tac ho^t dpng 
cda ddn LED cung nhu cdc nghidn curu ung dpng ciia 
ddn LED trong lmh vuc ndng nghiep ndi chung vd vi 
nhan giong ndt rieng. 

CAU TAO, NGUYEN T A C HOAT DONG vA 
LICH SU P H A T T R I E N C U A DfeN LED 

Den LED dupc can tao tii hai khdi ban dliL 
MOt khdi chiia cdc dien tur dien rich am (n-type) vi 
khdi cdn lai mang didn tich duong (p-type). Khdi 
ban dan loai p chira nhiiu lo ttdng ty do mang di§n 
tich duong nen khi ghep vdi kh6i bdn din n (chih 
cdc dien tir tp do) thi cac Id trong ndy cd xu hudng 
chuyen ddng khuich tan sang kh6i n. Ciing luc khoi 
p lai nhan them cac dien tii (dipn tich dm) tir khdi n 
chuyin sang. Ki t qua la khoi p tich dipn am (thiiu 
hpt 1§ ttdng va du thijta dien tii) trong khi khoi n tich 
dien duong (thiiu hut di^n hi va du thiia l5 trdng). d 
bien gidi hai ben mdt tiep gidp, rapt so di^n tu b) \& 
trdng thu hiit va khi chiing tien lgi gin nhau, chiing 
CO xu hudng ket hpp voi nhau tao thdnh cac nguySn 
tli tnmg hda. Qua trinh nay cd the gidi phdng ndng 
lupng dudi dgng anh sang (hay cdc biic xg dipn tit cd 
budc sdng gin d6) (Hinh 1). Sp tich dien am ben 
khdi p va duong ben khdi n hinh thdnh mdt d i ^ dp 
gpi Id di£n dp tiep xiic. Dien tru6ng sinh ra bdi di^n 
dp cd huong tir khoi n ddn khoi p nSn cdn ttd chuyin 
dOng khuech tdn va nhu vay sau rapt thdi gian ki tii 
liic ghep 2 khdi bdn din vcri nhau thi qua Irinh 
chuyin d^ng khuich tan chdm diit vd t^o tgi di^n dp 
tiep xiic. Liic ndy ta noi di^n dp tiep xiic p-n d tr^ng 
thdi can bang. Dipn ap tiep xiic dr trang thdi can bdng 
khodng 0,6V doi vdi didt lam bdng ban dan Si va 
khodng 0,3V ddi vdi didt lam bdng bdn ddn Ge. 

Ngu^n d p d6ng cho Led 

o o o o o o O T H U J 

Hinh 1. Sv chuyin dW ciia hgt di^n ti> va l6 qua m6i n6i PN vA hinh dang cOa LED (hnoJIen wikiDedia.orq/wikWJgM-
emlttlng_diode) 

Chdt bdn din Id tiianh phdn quan ttpng cua den vd Idp vd bdo vp khdi ban din. Sp phdt ttiin cua din 
LED. Nhung dnh sang phdt ra tir dkn LED cdn php LED duoc bdt dSu vm vdt lipu chdt bdn dan ia 
thupc vdo khung ddn dupc ddt giiia hai khdi ban din gallium arsenide phdt ra vhng anh sdng hing ngo»i 
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va dnh sang dd. Vdi nhihig budc tiin ciia khoa hpc 
dd sdn xuat ra nhihig chdt ban ddn co thi tao ra dupc 
dnh sdng c6 buoc song ngdn ban va dnh sang cd mau 
sdc da djing hon. Henry Josef Roimd bao cdo ddu 
tien vi den LED vdo ndm 1907 (Round, 1907). Tuy 
nhien, nghiSn cuu ciia Round da bi lang quen ttong 
nhiSu th$p ky cbo ddn khi chiing dupc cai tien vd 
ling dyng lan dau tien bdi Nick Holonyak vdo nam 
1962. Logi den LED nay da dupc thuong mai hoa 
trong nhfing ndm thgp nidn 60 ciia th i ky XX. Vat 
Ueu chat bdn din GaAsP cau tao nen den LED la su 
ket hpp cua ba chat: Gallium, arsenic va phosphoms, 
tgo ra dupc dnh sdng dd vdi budc sdng la 655 nm, 
miic dp sdng vao khodng 1 - 1 0 mcd d 20mA. Khi 
cudng dp anh sdng thdp, den LED chii yeu dupc su 
dung ttong den bao cdc chi so. Sau vat lieu GaAsP 
thi GaP (gallium phosphide) tgo ra anh sang LED dd 
dupc phdt trien. Uu diem ciia vat liSu nay la cd the 
tao ra dupc anh sdng cd cudng dd cao hon vdi cudng 
dp ddng dipn thap. Cdng nghe che tao den LED that 
su biing nd ttong nhiing ndm th§p nien 70 cua the ky 
XX. Nhieu vat lieu bdn dan dupc tao ra cd thS phat 
ra nhihig dnh sang cd mdu sac hay budc sdng khde 
nhau. Cdc vdt lidu phd bien nhat Id GaP phdt ra mau 
dd vd xanh la cay, GaAsP phat ra mau cam, do va 
vdng. Cdc xu the hudng tdi nhieu iing dung thpc t6 
(nhu mdy tinh, ddng hb ky thu^t sd va cac mdy kiem 
tta thiet bj) ciing bdt ddu phat triin. Cdc ky thu|it che 
tao v^t lipu ngdy cang dupc cdi tien, cudng dO anh 
sang phdt ra cang gia tang va den LED dupc su dpng 
cho mpc dich thdp sdng. Trong nhiing ndm 1980 mpt 
loai vdt li§u mdi ra ddi, GaAlAs (gallium aluminum 
arsenide) da dupc phdt triin. Cdng nghe GaAIAs tgo 
d^n LED cung cap hifu sudt cao hon trudc day. Dien 
nang yeu can rdt thdp vi vay cd thi tiet Idem dupc 
lupng di§n nang tieu thy. Den LED cd thi dung cho cdc 
bang hipu hay thdng bdo vi d l dang thiet ke dupc mgch 
dien vd ghep Igi vdi cdc hinh dang bdt k^ tir chiing. 
Ngoai ra, den LED da dupc img dung ttong thidt ke ma 
vach, mdy quet, he thdng cap quang tmyen dii lif u vd 
ttang thiit b\ trong y ti, Trong giai doan nay, sp cdi 
thipn chdt lieu tinh thi bao b6n ngoai cho phdp den 
LED phdt ra anh sdng mdu vdng, xanh la cay, da 
cam.. .vd thay ddi cdc thdng s6 ciia khung din de nang 
cao dp sang hifu qua nhung cac cau triic ca ban cua vgt 
lipu bdn din vdn khdng thay doi. 

Diode laser phdt ra dnh sdng trong vimg quang 
pho nhin thdy da dupc thuong mgi hda d nhiing nam 
cudi ciia thgp ky 80. Cac rdia thiit k i da su dung ky 
thuat tuong tu sdn xu4t dfen LED cd dp bin vd cudng 
d§ dnh sdng cao. Diiu ndy da ldm phdt trien chdt bdn 
din mdi Id InGaAlP (indium gallium aluminum 

phosphide). Thong qua qua trinh dieu chinh khe hd 
khung ddn nang lupng, vdt lieu InOaAlP c6 the tao 
ra dnh sang vdi cdc mau sdc khac nhau nhu vdng, 
xanh la cdy, do. . . Tuy nhien, trong thdi gian nay, 
den LED phdt ra anh sang xanh duong vdn chua 
dupc tao ra. Mai den nam 1993, Shuji Nakamura 
thupc cong ty hda chdt Nichia Nhdt Bdn da ldn dau 
tten gidi thieu ddn LED phdt ra dnh sang xanh. Vdi 
phdt minh tten, dng ciing vdi hai nha khoa hpc khac 
la Isamu Akasaki va Hiroshi Amano da doat gidi 
thudng Nobel vat ly nam 2014 
(http://www.nobelprize.org/nobel_prizes/physics/lau 
reates/2014/) Cdng nghe che tao den LED xanh 
duong ggp rat nhieu khd khan trong ndng cao ddng 
photo phdt ra va chiing tuong ddi nhgy cam vdi mdt 
ngudi. Anh sang xanh duong cimg vdi anh sdng dd 
va xanh la cay Id ba mau ca bdn, sy k§t hpp diing 
cdch tii chiing cd thi tfio ra dupc mdu trang vd tat ca 
cac mdu cdn Igi. Qud trinh ndy ddi hdi sy thiet ke cdc 
mach dien rat phiic tap ke cd phdn cirng Idn phan 
mem diiu khiin. V$t lieu de tao ra dnh sdng xanh 
duong la GaN (gallium nittide) va SiC (silicon 
carbide). Ddn LED xanh da ttd nen cd gid tri && 
ttong cac ung dung mdi bao gdm cdc san pham vien 
thong, thiet bi dieu khien giao thdng, den dtd... 
Ngay cd, tivi LED cd the sdm dupc thuang mgi hda 

Khi so sanh tudi thp den sai ddt (1.000 gid), den 
huynh quang (8.000 gid), den LED cd tudi thp ddi rdt 
ddng ki len din 100.000 gid. Ngodi tudi thp dai, den 
LED cdn cd nhieu uu diem hon cdc ngudn chieu sdng 
thdng thudng nhu kich thudc nhd, phdt ra budc sdng cy 
thi, phat nhiet thdp, diiu chinh dupc cudng dd dnh sdng 
vd chdt lupng chieu sdng, tieu thu difn nang thdp... Vdi 
nhiing Ipi thi fren, den LED ngdy cdng dupc iing dyng 
rpng rai hon ttong ndng nghidp, hd trp tang trudng thuc 
vgt frong mdi trudng cd kiim sodt nhu phdng nudi cay 
md vd budr^ sinh trudng (Growth chamber) Sir dyng 
cdu tnic ban din phdt quang cd the tiet kiem dien nang 
din 11% vd giam lupng khi thdi C02 tir 261 - 348 trieu 
tdn vdo nam 2020 (Tsao, 2004). 

Tiiy vdo cdc ngudn cdu tgo chit bdn din md quyit 
dmh den budc sdng ciia den LED (Bdng 1). Vi du: 
Aluminum gaUium arsenide (AlGaAs) phat ra tia dd vd 
tia hdng ngoai; aluminum galHura phosphide (AIGaP) ~ 
tia xanh Id cay; aluminum gaUium indium phosphide 
(AlGalnP) - tia cam, vdng vd xanh la cay; gaUium 
arsenide phosphide (GaAsP) - tia dd, cam - dd, cam vd 
vdi^; indium gaUium nitride (InGaN) - gan tia UV, xanh 
duang; siUcon carbide (SiC) - xanh duong; sapphire 
(AI2O3) - xanh duong; zinc selenide (ZnSe) - xanh 
duang; diamond (C) - tia UV (Steigerwald, 2002). 
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sinh ttudng dupc chiiu sang bdi den LED so vdi mdt 
den hd quang xenon. Cac phdn iing quang ddng hda 
CO2 dudi cac den LED vd den hd quang xenon Id nhu 
nhaa Qua ttinh quang hpp khac biet khdng cd y nghia 
giiia dnh sang trdng vd dnh sang do frong diSu kien COi 
d ndng dp cao. Kit qua cho thdy, quang hop bao gdm 
cd van chuyin dien tir, trao ddi chat carbon vd khi thai 
ra se dupc nghien cuu hieu qua va chinh xac vdi dd tin 
cdy cao khi sii dung den LED. 

Okamoto va ddng tdc gid (1997) da nghien ciiu 
dnh hudng ciia cudng dp dnh sdng (PPFD) tu cdc ty 
le khde nhau giiia anh sdng dd va xanh d§n sy sinh 
tmdng va phdt sinh binh thai ciia cay Rau diep. Ket 
qua cho thdy chieu cao cay giam khi PPFD ciia dnh 
sang xanh gia tang. Cdc nghien cira ciing da xdc dinh 
dupc mdi quan he giiia PPFD vdi vide tang chieu 
cao, khdi lupng khd r i than va todn bp cdy Rau diep. 

DEN LED v A NUOI C A Y M 6 TE BAO T H U C VAT 

Nudi cdy md Id sy phdt trien ciia cdc md thyc vdt 
hodc cdc te bao ttong mdt mdi ttudng cd kiem sodt 
(mdt mdi trudng sinh trudng Iy tudng, noi dupc vd 
trimg vdi vi sinh vat va cdc chdt d nhilm khac), dupc 
sir dung rpng rai ttong khoa hpc thyc vdt va mdt sd 
ung dung thuong mai. Mdi tmdng dupc kiem sodt 
cho nudi cay md te bdo thuc vdt thudng khdng khi 
dupc lpc, nhiet dp dn dinh, ngudn anh sdng dn dinh, 
va cdc mdi trudng nudi cdy ttd thdnh cdng thiic 
(chdng hgn nhu dung dich nudi cdy hodc mdi trudng 
thach). Vi nhan gidng, mdt hinh thiic nudi cay md 
thyc vgt, dupc sii dung rdng rai ttong lam nghiep va 
ttong hoa. Nd ciing dupc sir dung cho cac loai cay 
quy hiem hoac cd nguy co tuyet chung bdo tdn. Cdc 
ling dung khac ciia vi nhdn gidng bao gdm: (1) Thii 
nghiem ngan cho cdc nghien ciiu xay dyng, bien ddi 
va tdi sinh thyc vat chuyin gene. (2) Lai tao va tdi 
sinh cdc lodi xa cd lien quan. (3) Sdng Ipc cac t i bdo 
cd dac didm tdt (vi du: ehju dupc hoac khdng thudc 
dipt cd). (4) Cliu phdi (Phdi thudng chit khi xdy ra 
hien tupng Iai xa Hen quan den loai va nuoi cdy md 
te bao thuc vat cd the khde phuc dupc vin di nay). 
(5) Sinh trudng nhanh ciia t i bdo thyc vdt ttong 
bioreactor nudi cdy Idng nhu Id ngudn san xudt ehdt 
thir cap (Tdi td hpp protein dupc sir dyng nhu duoc 
sinh hpc). (6) Da bdi hda cdy frdng nhu mdt phuang 
phdp nhanh ttong chuong trinh chpn gidng (Thudng 
sii dung colchicine ttong da bdi hda nhilm sdc thi). 

Nudi cdy md va cdc ngdnh cdng nghiep nhdn 
giong tu lau da dupe sir dung ngudn anh sdng nhan 

tgo cho sdn xuat. Nhttng ngudn anh sang bao gSn' 
huynh quang (TFL), den sodium cao dp (HPS), kin 
loai bdng den halogen (MHL) va den spi ddt v.v.,. 
Trong s6 dd, TFL da dupc phd biin nhdt ttong n g ^ 
cdng nghiep phdng nudi cay md. Tuy nhien, viec ai 
dyng cua TFL tidu thy 65% t6ng s6 didn trong m^ 
phdng thi nghiera nuoi cay rad, dd Id chi phi cai 
nhdt. Ki t qua Id, cac ngdnh c6ng nghiep li€n tuc flm 
kiim cdc ngudn anh sang hieu qua hon. Su phdt trien 
ciia LED dp sang cao Id rapt ngudn dnh sdng ddy hua 
hen cho sy phat trien ciia ihyc v|it ttong mdi tniOTg 
dupc kidm soat. 

Trong nhirng nam gdn day, vdi cdc ky thuat cai 
tiin cua den LED, rapt so lupng ldn cdc cdng b̂  
thyc hien tren nhiiu ddi tupng thuc vdt khac nhau dl 
ehiing minh den LED se ttd thdnh ngudn chiiu sdng 
ttong cac phdng nudi cay md. Cac cdng hi deu t^ 
trung nghien cuu dnh hudng cua den LED dan le hi^ 
ket bop ldn sy sinh trudng va phdt sinh hinh thdi ciia 
eay ttdng. Sy gia tang cac chi tieu sinh trudng nhu 
khdi lupng tuai, khdi lupng khd dupc ghi nhan khi 
eay nuoi cay dudi diiu kien chieu sang LED xanh va 
LED dd ki t hpp tdt ban so vdi LED dan le (Nhut, 
2002; Lian et al., 2002; Kim et al., 2004; Poude! ei 
al., 2008; Shin et al., 2008; Li et al., 2010). Khii 
lupng tuai va khd cua cay bdng vai cao nhat khi 
dupc nudi cay dudi dieu kien LED xanh va LED do 
ket hpp vdi ti le 1:1. Ket qud tuong tu dupc ghi nhSii 
tten ddi tupng cay Cue frong nghiSn cttu ciia Kim \i 
ddng tdc gid (2004). 

Hahn va ddng tdc gia (2000) da bdo cdo rang toe 
do quang hpp cua cay Dia hodng nudi cay in vitro U 
rdt cao dudi hd thdng LED hdn hop (50% LED d6 vi 
50% LED xanh) hoac dudi den huynh quang, frong 
khi dd cay con nudi cay dudi he thdng LED xanh 
hoac LED dd cd tdc dp quang hpp rdt thap. Cuctag 
dp photon cao ciia LED xanh, dd vd dp ddi budc 
sdng dac tnmg cua chung ldm cho hd thdng den mdi 
ndy mang Igi nhiiu thuan lpi. 

Cae logi cay con Ddu Tdy, Bach Ddn, Dja 
Lan, Hd Diep vd Chudi cd than keo ddi dudih? 
thdng LED dd, cdn cay Lan Y lai tdng tnrcmg 
binh thudng d d i iu kidn nay. Nhung cay con c6 
than dupc keo ddi dudi he thdng LED dd thudng 
mdnh, la hoi vang, cd lupng chlorophyll, it hon, 
tdc dp quang hpp, khdi lupng tuoi cua thdn va 
re ciing thdp han so voi nhiing cdy dupc nu6i 
dudi hd thdng LED k i t hop dd va xanh (Nhut, 
2002) (Hinh 2) . Phdn ung cua cdy con dugc 
nudi cdy vdi ty 16 anh sang dd vd xanh khic 
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nhau da duac xem xet trdn qui md thuong mgi. 
Phan ijrng nay tiiy thupc vdo loai thuc vat, yen 
cau dupc dgt ra ciia cac nghien ciru ndy Id ty 1̂  
dnh sang xanh/dd thich hpp nhdt cho moi loai 
cay trong. Cdng viec nay ddng vai trd quyet 
dinh trong vide xac dinh chi tiit nhu cau dnh 

sang xanh/dd. Nhieu nghien ciiu da nd luc tim 
ra vai trd cua viec ket hpp anh sdng xanh vd dd 
nhung vdn chua lam rd dupc chi tiet chat lupng 
anh sdng. Mde du, tac ddng neng re cua tung 
logi dnh sang da dupc nghien ciiu khd kJ. 

Hinh 2. Sinh \nibnq cCia mOt s6 logi cSy trdng d giai dogn h vitro duti'i h# thdng chieu sang LED va smh trudng t i ip theo cila 
chOng d giai dogn v u * n u'am. a,a1. c3y Bgch ddn; b,b1; cSy l ^n j; c,c1 cdy Ddu tay, d,d1. cay Chu6i; e' cay Dja lan; f; c3y Hd 
ili$p (Nhut 2002) (R' LED dd, B. LED xanh; PGF-Plant growth fluorescent cay sinh Injong dudi anh sang huynh quang). 
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Anh sdng do dd dupc nghien cuu nhu mdt tde 
nhan tdc ddng din sy phdt trien ciia cdy ttdng thdng 
qua kiem sodt cdn bang hoat ddng ciia qud ttinh tdng 
hpp cac phytohormone. Kich hoat cdc sac td dd va dd 
xa bang dnh sang do ddng nghia vdi viec kich hogt cdc 
hp thdng enzyme o.\y hda chuyen ddi cdc cofactor nhu 
naringenin, apigenin va cdc ddn xuat kaempferol ttong 
qua trinh tdng hpp lAA oxidase, enzyme nay cd vai 
ttd giup can bdng ndng dp lAA frong co tiie thuc vdt 
(Mumford el al., 1961). Cdc nghien ciiu hien nay cho 
thdy dudi anh sdng LED dd, cdc chdi \ a ehieu ddi ddt 
thdn deu keo ddi d nhieu lodi thyc \ai nhu nghien cihi 
cua Kim va ddng tdc gia tren ddi tupng cay Ciic (Kim 
et ai, 2004), Azorina vidalit (Wats.) Peer (Moreira da 
Silva, Debergh, 1997). Tuy nhien, d mdt vai nghien 
eihi, dnh sang dd td ra khdng phii hop vdi sy keo ddi 
than. Hahn vd ddng tac gia (2000) bdo eao hieu iing 
ngupe lai ciia dnh sang dd ddi vdi su tang trudng ciia 
cdy Dia hodng. Dudi viing dnh sdng do cdy Dia hoang 
khdng nhirng khdng keo ddi thdn ma khdi lupng tuai 
vd tdc dp quang hc^ cung dat thdp hon so vdi dudi 
cdc dieu kien ehieu sang LED xanh. Ket qud fren cho 
thay, liiy cdc loai thyc vdt khde nhau md phdn iing ciia 
chiing vdi timg loai dnh sang se khde nhau Tennessen 
vd ddng tdc gia (1994) ciing cho rdng dnh sdng dd gay 
mat can bang phdn phdi nang lupng anh sang cho he 
thdng quang hda I vd II, do dd lie ehe sy phdt trien cua 
cdy. Uc che su phdt trien ciia ehdi dupc quan sat dudi 
dnh sdng dd d ihyc vdt ed hoa thdn thdo nhu cay ciic 
Van thp \a cay Salivia (Heo et al., 2002). Trong khi 
dd, dnh sdng xanh lgi cd tac ddng ngupc lgi. LTc che su 
tang Irudng bang dnh sdng xanh da dupc bdo cdo tten 
nhieu ddi tupng khde nhau. Moreira da Silva vd 
Degergh (1997) chi ra rdng ehieu cao vd chiiu ddi ddt 
thdn ciia cay A. vidalii (Wats.) Peer bj ngdn khi sinh 
trudng dudi viing anh sang xanh duong. Anh sang 
xanh lam ire che tang trudng vd nhirng thay dii ttong 
hinh thai giai phau thdn vd Id d cdy Tieu nudi cdy in 
vitro (Schuerger et al., 1997). Mortensen vd Sttomme 
(1987) eCng quan sdt thdy sy ire chi tang trudng dudi 
dnh sang xanh d nhieu logi cay ttdng trong nhd kinh. 
Trong khi dd, Kraepiel vd Mipiniac (1997) nhdn manh 
tam quan frpng ciia dnh sdng xanh ttong viec ddng md 
khi khdng. Anh sdng mdu xanh cd vai trd ttong sy 
hinh thdnh diep luc d thyc \ at (Akoyunoglou, Ann! 
1984). Ngodi ra, nd cdn dnh hudng tich eye ttong biiu 
hipn hogt ddng ciia gene d ca ttong nhan ldn gene d 
lap the va ttong qua trinh phat triin bd may quang hpp 
d ti bao thuc vdt (Richter, Wessel, 1985). Topchiy vd 
ddng tdc gid (2005) bao cdo rdng su khac biet ttong 
quang phd buc xa anh hudng din chdt lupng cdc 
thdnh phdn cua protein tham gia edu lao sdc td vd bd 

mdy quang hpp. Tuy nhien, Chee (1986) Iai bao cdo 
sd lupng chdi dat cao rJidt khi gidng Nho khdng hgi 
phdt triin dudi anh sang xanh. Dudng nhu su kich 
thich hay lic che chieu ddi chdi giiia cdc ty le dnh sang 
dd/xanh thi phy thudc vao phytochrome va cde thg 
quan dnh sdng khac d cac lodi khde nhau (Kim et al., 
2004). IVldt sd trudng hpp, sy sinh trudng thuc vat tdt 
nhdt vdi 10% dnh sdng LED xanh dupe bd sung, trong 
khi dd, mdt sd trudng hpp khac ti le LED xanh phai 
chiim tdi 30% khi ket hpp vdi dnh sdng LED do 
(Nhut, Nam, 2010). Ti le xanh/dd khac nhau dnh 
hudng khde nhau den phdt sinh hinh thai chdi d cdy 
Hdng mdn, phan tram tdi sinh chdi cao nhat khi ti le 
dnh sdng LED dd nhieu hon xanh, nhimg sd chdi hinh 
thanh nhiiu nhat khi ti le LED xanh nhieu han do 
(Budiarto, 2010). Dap iing khac nhau ciia phdi sinh 
dudng dudi cdc budc sdng LED khac nhau d cdc lodi 
thdng cung dupc nghien cuu. Budc sdng dd anh 
hudng tich cue ddi vdi kha nang nay mam d 3 loai 
thdng dupc nghien cuu (Merkle el al., 2005). Su kit 
hpp giua LED dd vd dd xa kich thich sy hinh thdnh 
phdi d lodi Dorilaenopsis nhung vdn gitt hien thupng 
npi phdn d miic thap (Park et al, 2010). Quang pho 
ciia dnh sang LED cling anh hudng den sy tdi sinh tii 
vay eii eiia cay Lilium oriental hybrid "Pesaro". Sd 
lupng cii thu dupc cao nhat ttong dieu kien tdi vd anh 
sang LED bd sung ridng le. Sy kit hpp giiia LED 
xanh vd LED dd kich thich sy gia tang kich thudc, 
khdi lupng tuai vd khd eua eii (Lian et al., 2002). Anh 
sang LED dd ket hpp vdi LED xanh ciing lam tang su 
hinh thanh PLB cua lan Hd diep (Nhut et al., 2006). d 
eay Dia lan, sd lupng PLB hinh thdnh eao nhdt dudi ti 
le 25% LED dd kit hpp vdi 75% LED xanh (Huan, 
Tanaka, 2004). Anh sang LED xanh dupe eho la dieu 
kien tdt nhat cho sy hinh thdnh chdi tir PLB eua cay 
Dendrobium officinale nudi cay in vitro (Lin et ai, 
2010). Vai frd eiia chdt lupng dnh sdng ddi vdi qud 
trinh phat sinh hinh thai thuc vat vdn ehua dupe ro 
rang, nd phu thudc vdo dp ddi budc sdng phdt ra, loai 
cay trdng dupc nghien ciiu, cdc giai doan phat ttien 
cua thyc vat va dieu kien mdi trudng nudi cdy nhir 
cudng dp dnh sdng (Anzelika el al., 2008), tiianh phan 
mdi trucmg (Schuerger et al., 1997) hay diiu kien 
thoang khi (Hahn et al., 2000). 

Hdm lupng chlorophyll d cde mdu eay dudi cac 
dieu kien chiiu sdng LED khac nhau se khac nhau. 
Vai nghien ciiu cho thdy anh sang LED xanh la dieu 
kien tdt cho qua ttinh hinh thdnh chlorophyll, nhung 
LED dd lgi cd tac dung ngupc lai (Tanaka et al., 1998; 
Li el al., 2010), frong khi dd, P-carotene hinh dianh 
dudi anh sang LED dd (Wu el al., 2007) va 
carotenoids duoc cam iing bdi LED xanh va dnh sang 
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huynh quang (Shm et al., 2008). Kim va dong tdc gia 
(2004) nhan manh vai ttd ciia anh sang xanh din su 
hinh thdnh chlorophyll va su phdt trien cua luc Igp d 
cay Ciic nudi cay. 

Chat lupng anh sang anh hudng den ham lupng 
sucrose, tmh bdt, dudng hda tan va tdc do quang hpp 
ciia cac mdu cay nudi cay in vitro eung dupc nghien 
cim. Sy gia tang hdm lupng sucrose, tinh bdt va 
dudng hda tan ttong cay Bdng vdi dupc nudi cay dudi 
anh sang LED dd (Li et ai, 2010), trong khi dd, sy kit 
hpp giiia LED xanh vd LED dd lgi hieu qud d eay Nho 
(Heo et ai, 2006) vd Dorilaenopsis (Shin el al., 
2008). Dieu hoa trao ddi carbonhydrate bdi dnh sang 
da dupc bao cdo bdi Kowallik, 1982. Anh sang dd 
nhieu kha ndng ngdn cdn sy van chuyen sdn phdm cua 
quang hpp va vi the cd sy gia tang ham lupng tinh hot 
d la (Soebo el ai, 1995). Coins vd ddng tac gid (1997) 
cho thdy cd sy gia tdng tdc dd quang hpp va hogt ddng 
ciia khi khdng cua la Liia my dudi dieu kien LED dd 
vd LED xanh ket hpp. 

Qua ttinh ra rl in vitro eung anh hudng bdi den 
LED. Re cdy Hdng mdn hinh thdnh nhieu nhat dudi 
dieu kien ti le LED do ket hpp vdi LED xanh 
(Budiarto, 2010). Anh hudng ciia dnh sdng dd den qua 
trinh hinh thanh re ciia chdi phy thupc vdo kieu gen va 
gia the nudi cdy. Re Dorilaenopsis hinh thdnh nhidu 
dudi LED xanh vd ngdn can su hinh thdnh re dudi 
LED dd (Shin et ai, 2008). Chdt lupng anh sdng cd 
the thiic day su phdt trien ciia re giiip nit ngan thdi 
gian nudi cdy vd giam gid thanh cay gidng, Dd cung 
chinh Id Iy do he thdng ehieu sang LED cd the cQng 
dupc sir dung d giai dogn ra r l ttong qua trinh vi nhan 
gidng. He thdng chieu sdng LED cdn dupc sir dung 
trong qud trinh nay mdm vd phat frien ciia cay con tn 
vitro. Hat ciia cay Bletitla ochracea dgt ti Ie nay mam 
cao nhat vdi ti le 74% vdi LED xanh la cay vd LED 
vdng (Godo et al., 2011). Budc sdng tii 590 nm den 
625 nm la diiu kien tdt nhdt d i hinh thanh than re ciia 
cay Bletilla ochracea. Sau 3 thang nudi cay, dien tich 
Id md rdng dudi LED trdng vd LED xanh, ttong khi 
dd, LED xanh Id cay, vdng va do lgi cd dnh hudng 
ngupc Igi. 

Ngodi cac chuong trinh phat sinh hinh thdi trdn, 
den LED cdn iing dyng ttong nghifen cihi den qua 
ttinh ra hoa d thuc vat. Anh sdng xanh, do + dd xa, 
xanh + dd xa ciia den LED kich thich sy hinh thdnh 
hoa in vitro cua cay Bdt tien nhung ndu sir dung LED 
dd rieng le Igi lam giam phan ttam hinh thdnh hoa. 
Hon ntta vdi cac dieu kien LED xanh, dd, 
xanh + dd xa ldm tri hoan qua trinh ra hoa. Ti 1? hinh 
thanh hoa cao nhdt (90%), sd hoa hinh thanh tren mdi 

cay, ti le hoa trudng thanh vd nd sdm dupc ghi nhan 
dudi dieu kien den huynh quang. Dieu nay cho thay, 
anh sdng LED cd vai trd trong qud trinh ra hoa d cac 
loai cay ra hoa bdt dinh nhung loai md khdng can cdc 
tt'n hipu cam iing ra hoa (Dewir et al., 2006). 

Qud trinh thich nghi la budc cudi cimg ttong vi 
nhdn gidng. Trong qud frinh ndy, cay phdi thich nghi 
vdi nhiing dieu kien mdi trudng mdi trong nha kinh 
hoac ngoai ddng rupng. Trgng thai cudi ciing cua cdy 
nudi cdy md Id phai thich nghi tdt vdi dieu kien ex 
vitro. Sy sinh trudng tdt d giai doan in vitro dudi ti le 
chiiu sang 80% LED do ket hpp vdi 20% LED xanh 
giiip cay Lan y sinh tnrdng tdt ngodi vudn uam (Nhut 
et ai, 2005), dieu dd tuang ty nhu cay Dau tay sinh 
trudng in vitro dudi diiu kien 70% LED dd ket hpp 
vdi 30% LED xanh (Nhut et ai, 2003). 

Vai ttd cua anh sang don sac ttong vi nhdn gidng 
da dupc nghien ciiu nhiiu trdn the gidi. 6 Viet Nam 
thi ngudn sang ndy chua dupc chii trpng. Tir nam 
2002 den nay, Duong Tdn Nhyt va ddng tac gia da 
ling dyng thdnh cdng he thdng phat sang LED tren 
mpt sd loai cay trdng nhu Ciic, sdm Ngpc linh, Thu 
hdi dudng.. Nhiing cay trdng nudi eay dudi hp 
thdng den LED khdng nhiing sy sinh trudng va phdt 
trien tdt d dieu kipn m vitro, ma cdn ca d dieu kien 
ex vitro. Nhftng nghien ciiu ve gidi phau hoc, quang 
hpp cung chiing minh rdng nhiing cay nudi cay dudi 
he thdng LED thi tdt hon khi so sdnh vdi he thdng 
chiiu sdng bdng den neon (Duong Tdn Nhyt, 2010). 

Le The Bidn va ddng tde gia (2013) da cho thay 
chdi Thu hdi dudng tdi sinh tir Idp mdng te bao tdt 
nhdt dudi ti le 80% LED dd kit hpp vdi 20% LED 
xanh, Trong khi dd, dudi dieu kien 70% LED do ket 
hpp vdi 30% LED xanh cho hiSu qua trong qua ttinh 
tai sinh chdi tir Id vd Idp mdng te bao tir than cua cdy 
Cue (Hinh 3a,b) (Nguyin Bd Nam et ai, 2012). 
Hoang Van Cuang vd ddng tac gid (2012) da khao 
sdt sy sinh ttudng va tich luy cdc hap chat saponin 
dudi 6 dieu kien chieu sang khac nhau: 100% dnh 
sang xanh, 100% dnh sdng dd, anh sang xanh vd anh 
sdng dd ki t hpp vdi ti le 50:50, 30:7(), 20,80, dnh 
sang huynh quang dupc sir dung lam ddi chiing. Ket 
qua eho thay khdi luang tuai va khdi lupng khd ciia 
md seo thu dupc la cao nhat (tuong irng 0,274 va 
0,030g) khi cac mdu Id dupc nudi cay dudi anh sdng 
anh sang xanh vd anh sang dd ket hop vdi ti Id 50:50. 
Qua trinh tang sinh md seo hieu qua nhat khi cdc md 
seo dupc nudi cdy dudi dieu kien ehieu sang la anh 
sdng xanh vd dnh sdng dd ket hpp vdi ti le 50:50, vdi 
khdi lupng tuoi va khdi lupng khd ciia md seo la ldn 
nhdt (tuong ung 0,748 va 0,064g). 
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Hinh 3. He th6ng chi lu sang LED trong nhan gii irg cay hoa Cue qua cac giai doan ph^t tn^n a,b glai doan tdi sinh choi vd 
hinh thai gidi ph lu tu' tdp mdng te bdo than c i t dpc (a) va ii> la (b); c,d. sinh tru'dng ciia cdy Ciic trong giai dogn in vitro; e,f: 
smh Iru'O'ng vd phat tri^n ciia cSy Cue trong nhd kinh dud'i d i lu ki$n chieu s ing bd sung bang dfen compact 3U vd d6n LED 
(Nam etal, 2012,2014; Nhut. Nam, 2009) (FL-Flourescent lamp d6n huynh quang. T t u i n . R: LED do; B: LED xanh). 

Anh sdng xanh vd anh sang dd ket hpp vdi ti le 

50:50 cung Id ngudn sdng thich hpp nhdt cho sy sinh 

trudng vd phdt trien ciia cay sam Ngoc Linh nudi 

cdy in vitro, tuy nhien, ki t qud phdn tichsdc ky long 

cao dp cho thdy, Cdc cdy dupc nudi cay dudi dnh 

sdng huynh quang cho sy tich luy saponin la cao 
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nhat (0,2422% Rbl vd 0,7081% MR2). Ngoai 
nhihig nghidn cira tai sinh vd tich liiy hpp chit thi3r 
cap, sy sinh trudng vd phdt triin dudi dnh sdng LED 
dd vd xanh ciing dupc thyc hipn. Duong T^n Nhyt 
vd Nguyin Bd Nam (2009) chi ra rdng, choi Ciic 
phdt triin tdt nhat dudi diiu kien chieu sdng 90% 
anh sdng LED dd kit hpp vdi 10% anh sdng LED 
xanh va cho khdi lupng tuai vd s6 id ldn nhdt so vdi 
cdc dieu kien chiiu sdng cdn lai. NhQng cay Ciic cd 
ngudn goc tii hp thong chiiu sdng 90% dnh sdng LED 
dd ket hpp vdi 10% dnh sdng LED xanh cd khd ndng 
sinh trudng vd phdt triin tot nhdt d diiu kipn vudn 
uam so vdi nhiing cay tCr cdc h^ thdng chiiu sdng cdn 
Igi (Hinh 3c,d). Gan ddy, Nguyen Thanh Sang vd ddng 
tdc gia (2014) da nghien cuu tdc ddng ciia cdc diiu 
kipn chieu sang khde nhau din sy nhdn ch^i; sinh 
tnrdng, phat triSn vd tdng hpp chlorophyll a vd b cua 
cay cue in vitro. Cdc d6t thdn vd cdc chdi dinh ciic 
dupc nudi c4y dudi cdc dieu kien chiiu sdng khde 
nhau bao gdm LED dd, LED xanh, LED vdng, LED 
xanh la cay, LED ttdng vd LED dd kit hpp vdi LED 
xanh theo nhiiu ty Ip khde nhau (10:90, 20:80, 30:70, 
40:60, 50:50, 60:40, 70:30, 80:20 va 90:10). Ket qua 
thu dupc sau 4 tuan nudi cay tren mdi tnrdng nhdn 
choi cho thay, chieu ddi Id, chieu rdng Id, khii lupng 
tuai vd khii lupng khd ciia chdi dgt tdt nhdt d 50% 
LED dd va 50% LED xanh. Sau 6 tuan nudi cay tren 
mdi tmdng tao cdy cho thay, khoi lupng tuoi, khdi 
lupng khd, chiiu dai Id vd chiiu r^ng Id ciia cdy dgt tdt 
nhat d 70% LED dd vd 30% LED xanh. Ben cgnh do, 
hdm lupng chlorophyll a ( 2 9 3 pg/cm )̂ vd 
chlorophyU b (14,57 ^g/cm )̂ cua cay dat cao nhat d 
70% LED dd vd 30% LED xanh. Ddn LED dd dupc 
sir dyng ttong phdng thi nghidm tii rat sdm tuy nhien 
vî c iing dyng d giai dogn vudn uam cdn rdt hgn che. 
Ndm 2014, Nguyin Bd Nam va ddng tdc gid dd sii 
dyng ddn LED de bo sung chieu sang vdo ban dem di 
nghi€n cihi dnh hudng ciia chiing dda sy sinh trudng 
vd phdt triin ciia cdc giong Ciic '^da vang", 
"Sapphire" va "Kim cuang" dupc trdng trong nha 
Idnh. Din compact 3U dupc sir dyng ldm nghipm thurc 
ddi chiing. Kit qud cho tiidy, ti le 70% LED dd kit 
hpp vdi 30% LED xanh phO hpp cho su sinh trudng 
vd phdt triin ciia cdy Ciic gi6ng Sapphire vd Kim 
cuang, trong khi dd, ti 1# 60% LED dd kit hpp vdi 
40% LED xanh phii hpp cho sy sinh trudng va phdt 
triin cua cay Ciic gidng Dda vang. Kit qud ndy cd the 
khdng dmh, den LED thich hpp di thay thi din 
compact 3U trong vipc chiiu sdng cay Cue trdng trong 
nhd kmh (Hmh 3e,f). Tuy nhien, ddy chi Id budc d^u 
trong vî c iing dyng LED is diiu kipn ddng m$ng can 
cd nhieu nghi€n cihi de chiing mmh hi$u qud ciia hi 
th^ng chiiu sang LED trong ndng nghiep. 

MOT SO LTNG DUNG KHAC CUA DEN LED 
TRONG CAC L&JH Vl/C NONG NGHIEP KHAC 

Nong ngbifp trong khdng gian 

Thyc vat la ngudn lya chpn duy nhdt cd the tgo ra 
dli hrong thyc, nude vd oxy giiip cho cac nhd thdm 
ttiim ty cung c ^ tren cdc tram khdng gian, tau vii try 
di chinh phuc m$t tiang, sao hda vd xa hon nSa. Di sii 
dui^ dupc thyc vat, phdi cd ngudn chieu sdng. Tieu 
chudn ciia ngudn chiiu sdng sir dyng trong ndng nghiep 
vd nhd kmh hodc budng sinh trudng ttSn trdi ddt khdng 
fhe stt dpng tten cac tdu vii try. Trong khi do, doan 
tham hilm phdi lam vi^ ben ngodi qu$ dao trdi dit 
trong vai ndm, vipc nudi trdng thuc vdt trong khdng da 
dupc tinh den va den LED vdi cdc uu diem: an todn, 
khdi lupng nhd, budc sdng dac tnmg, tudi thp cao... tu 
lau da dupc de xudt nhu la ngudn chieu sdng chmh cho 
cdc phdng nghidn cim nudi trdng thyc v|t trong khdng 
gian (Buk era/., 1991). 

Den LED hhag ngogi thudng dupc sir dyng 
ttong diiu khiin tii xa cdc thiit hi khac. Johnson va 
ddng tdc gid (1996) dd sur dyng logi den nay ttong 
nudi cay cay Yin mgch (Avena saliva cv. Seger). Da 
cd su khde bipt ciia hat gidng ndy mdm ve tang 
trudng vd ddp iing ttpng trudng khi dupc chieu sdng 
bdng ddn LED hing ngogi vdi diiu kipn ttong tdi d 
cung nhi^t d$. Nghidn cihi ndy dd cho thay cay Yin 
mach cd thi sinh trudng binh thudng ttong diiu kî n 
chieu sdng den LED hdng ngoai. Thdng qua ket qud 
tren cac nha nghien ciiu da md rpng tren cdc ddi 
tupng khde vd pham vi quy dinh ciia cdc loai budc 
sdng tham gia vao lyc hap din biic xg tdc dpng den 
sy phdt trien binh thudng ciia cay ttdng nhu cdc 
budc sdng vilng ngodi hdng ngogi cda quang pho. 

Goin vd ddng tac gid (1997) dd nghien ciiu su 
phat trien ciia cay Liia mi dudi dieu kifn LED dd, so 
sanh vdi dieu kipn dnh sang trdng va dnh sang LED 
dd bd sung anh sang den huynh quang xanh. Kit qud 
cho thay, trdng Liia mi dudi den LED dd sinh trudng 
kem, nang suat hgt gidng thdp ban so vdi dudi dieu 
Iddn drdi sang trdng. Nhung khi b6 sung 10% dnh 
sdng huynh quang xanh thi chat lupng hgt gidng va 
ttong lupng khd cua chdi dat cao nhat so vdi cdc 
didu kien chieu sdng con lai. 

Nhdm nghiin cim cua Goin cung da tilp tuc 
nghien cihi sy sinh trudng cda Rau diip vd Cii cdi 
dudi he thdng chieu sdng den LED xanh va do kit 
hpp. Cdc nha nghidn cdu hy vpng cdc nhd du hdnh 
vu try cd the thu hogch ran sdng, cdc loai thdo rape 
va rau qua trin cdc ttam khdng gian. 
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Nuoi cay tao 

Algaculture, la hinh thiic nudi ttdng cdc lodi 
Tdo, tao mdt ngudn nguyen lieu ldn dupc sii dyng 
ttong cac nganh nhya sinh hoc, duac pham, nhien 
lidu tao, kiim soat d nhiem, ciing nhu thuoe nhudm 
va chdt mau. Algaculture cung cung cap ngudn thyc 
pham hy vpng ttong tuang lai. 

Tdo cd thi dupc ttdng ttong photobioreactor 
(PER), mdt bioreactor ttong do ket hpp mdt sd logi 
ngudn sang. PBR la mot hd thdng khep kfn, ttdi 
ngupc vdi mdt h i hoac ao md. Tdt cd cdc chat dinh 
dudng thiet yeu phdi dupc dua vdo he thdng dd cho 
phep tao phat triin va sinh trudng. PBR keo dai giai 
doan sinh trudng va eho phep nudi ttdng vdi nhieu 
lodi tdo. Khi tdo phdt trien, san phdm tdo du thiia se 
ttdn ra vd dupc thu hoach. Matthijs vd ddng tac gia 
(1996) da sii dyng den LED ldm ngudn sdng duy 
nhdt ttong nudi cdy Tdo xanh (Chlorella 
pyrenoidosa). Nghien cihi da tim thdy dnh sdng cua 
ddn LED giiip tdo sinh trudng mdt cdch tdi da. 
Nghien ciiu nay ciing ket lugn, viec sii dyng den 
LED nhap ididy (cd nghia Id dnh sdng khdng lidn 
tue) ttong nudi cdy Tdo cd the tiet kiem nang luong 
so vdi ngudn dnh sdng huynh quang. Mpt Icri the nua 
Id nang lupng thdt thodt nhiet nhd hon nhieu. Trong 
khi dd, vipc ket hpp anh sdng xanh vdi dnh sdng 
LED mdu dd khdng thay ddi cac thupc tfnh tang 
trudng. De tan dung Ipi thi ve tiem nang cdng nghe 
sinh hoc tii Tao, Lee vd Palsson (1994) da tinh todn 
gid tn ly thuylt edn thiit cua khdi lupng khdng khi 
vd cudng dd dnh sang ttong nudi cay tao vdi mdt dp 
cao dudi anh sdng don sac 680 nm tii cac den LED 
nhu dnh sang ngudn chinh. Nhdm tdc gid cdng da 
thidt ke mdt PBR mau thu nghidm dya tten nhimg 
tinh todn nay. Sir dung ddng hdi luu cung cdp mdi 
tru&ng mdi, cdc nhd nghien cuu da dgt dupe ndng dd 
t i bdo Id 2 xlO* t l bao/ml (hon 6,6%, v/v), t i bdo 
tdng gdp ddi vdi thdi gian dudi 12 h, vd t ic do sdn 
xudt oxy cao hon 10 mmol oxygen/I ttong 1 gid nudi 
cdy. Nghidn ciiu ndy chi ra rdng sy phat triin hd 
thdng chiiu sang LED ttong nudi Tao mang lai hieu 
qud kinh te ddng kd. Mdt nghien eiru khac cua nudi 
cdy Tao thdng qua den LED dupc thye hien bdi 
Nedbal vd ddng tap gid (1996). Nghien cim nay chi 
rd tdc ddng bien ddi tten mdt loat cdc loai Tao trong 
nudi cdy Idng bdng each su dung cac day den LED 
mau dd cung edp dnh sdng khdng lien tue. Kit qua 
xdc nhdn rang tdc dp tdo tang trudng trong anh sang 
khdng lien tuc cao hon anh sdng lien tuc ttong diiu 
kien nuoi cay tuong duong. 

Gidm benh cay troog 

Schuerger vd Brown (1994) da sii dyng cac d§ 
LED vdi quang phd khde nhau de xdc djnh am 
hudng ciia anh sdng ddn sy phdt trien cua virus khdfc 
Ca chua (ToMV) ttong dt vd benh phdn ttdng tten 
Dua chudt. Nghien ciiu nay chiing minh chdt lucjffig 
quang phd cd th i lam gidm benh hai vd cd thi tri 
thanh chuang trinh hihi ich ttong qudn ly dich bei4 
tdng hop. 

KETLUAN 

LED la ngudn dnh sdng ddu tidn cd thi cung c ^ 
dnh sang cd khd nang Idem sodt diing thdnh phan 
quang phd vd budc sdng phu hpp vdi te bdo nhan 
kfch thich dnh sang nhdm dieu khidn su phat smh 
hinh thai thuc vat theo y mudn ttong qud trinh nuoi 
cdy. Chimg cd thd d l dang tich hpp vdo he tiiong 
dieu khien ky thugt so, tao dieu kipn thuan Ipi cho 
cac chuang trinh chieu sang phiic tap nhu thay doi 
thanh phdn quang phd trong quang ehu ky hogc voi 
giai dogn phdt tridn cdy ttdng. Ddn LED khdng chiia 
thuy ngan. Chiing an toan ban ttong hogt dpng so vdi 
cdc loai den hien nay vi khdng dung thuy tinh lam vd 
bpc va chiu dupc nhiet dp cao. 

Trong khi qud trinh quang hpp khdng ddi hoi 
dnh sdng lien tuc va quang phd day du, den LED c6 
the cung cap photon vdi budc sdng cy the vd linh 
hoat ttong dieu khien. Nhu vdy, ca ehl quang hop 
Cling vdi cdc dgc tinh cua den LED tao thdnh hai 
each tidt kif m nang lupng (cat phan doan pho khdng 
can thidt va tdt dnh sdng dinh ky). Diiu ndy khdng d6 
dang dgt dupc vdi cac ngudn sang khac. 

Bai viet nay danh gid tdng quat cac iing dung 
cua den LED ttong nudi cdy md t i bao thyc vdt va 
canh tdc cay ttdng. Cdc nghien ciiu nay md dudng 
cho nhiing nghien cuu tten cdc lodi khde nhau, ciiag 
cd ket ludn den LED dii diiu kien d l thay thi cdc 
thidt bi chieu sdng khac ttong nghien cim ndng 
nghiep. Vdi nang lupng cd th i tiit kidm, LED trcr 
thanh phuang dn lya chpn tdt nhdt cho thiit bi chifiu 
sdng ttong phdng nudi cdy vd nha kfnh quy md Idn. 

Ldi cam on: Cdc tdc gid xin chdn thdnh cdm an 
Quy Phdt triin Khoa hge Cdng nghe Quoc gia 
(NAFOSTED - 106.16-2012.32) vd Viin mn Jam 
Khoa hge vd Cong nghe Viet Nam (TN3/C09. Dtr an 
san xudt thu nghidm Sdm Ngpc Linh) da tdi trg cho 
chung toi hodn thdnh nghien ciru ndy 
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L I G H T - E M I T T I N G D I O D E S (LEDs): A N ARTIFICIAL L I G H T I N G S O U R C E F O R 
P L A N T T I S S U E C U L T U R E 

Duong Tan Nhut-, Nguyen Ba Nam 

Toy Nguyen Institute of Scientific Research, Vietnam Academy of Science and Technology 

SUMMARY 

Light is one ofthe most important factors in the regulation of plant growth and development Green plants, 
which convert light into chemical energy via the process of photosynthesis, use light as a source of information 
for photopenodism (night/day length), phototropism (light direction), and photomoiphogenesis (light quanti^ 
and quality). These responses depend on the photon flux density (PFD), light quality, duration and 
photoperiod. Therefore, plant growth could be controlled by arttficial light in the greenhouse and m vitro. 
Tissue culture and growth rooms have long been using artificial lighting sources, including fluorescent lamps, 
high pressure sodium lamps, metal halide lamps, and incandescent tamps, etc. Among these, fluorescent lamps 
have been the most popular in tissue culttire rooms. However, these lights have a wide range of wavelengths, 
from 350 to 750 nm. Such a wide range of wavelengths ^ipears to be unnecessary and are of low quali^ for 
promoting plant growth, and the system consumes a lot of electrical power while generating heat in a tissue 
culture laboratory. Thus, there is a need for an efficient lighting source to improve the production efficiency, 
reduce costs, and improve the quality of the micropropagated plants. Light emittmg diodes (LEDs) have been 
demonstrated to be an artificial flexible lighting source which has significant effects on biological processes 
Using LEDs can choose suitable wavelengths with the growth and development of plants, thereby increasmg 
the maximum yield of plants. Numerous studies have been conducted in order to investigate the effects of 
LEDs on plants, which have led to many satisfactory results. Various morphological, anatomical, and 
physiological attributes such as shoot elongation, axillary shoot formation, somatic embryo induction, 
rhizogenesis. and leaf anatomy, accumulation of secondary metabolites and photosynthetic abilities of plants 
grown in vitro have found to be regulated by spectral properties of LEDs. The potentials of LED as an effective 
light source for indoor agricultural production have been explored to a great extent. This paper provides a brief 
development history of LEDs and a broad base review on LED applications in plant tissue culture and indoor 
plant cultivatton. 

Keywords: Growth and development, light-emitting diodes, micropropagation, orphogenesis, photosynthesis. 
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