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CAO LUONG NGOT (Sorghum bicolor L. Moench) —
MOT LUA CHON TIEM NANG TRONG CHUYEN POI CO CAU
CAY TRONG O PHU YEN
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Tém tit

Hién nay, bién doi khi hdu va dat bac mau dang gdy ra nhitng tdc dong tiéu cuc ngay
cang rd rét doi véi tinh Pha Yén. Cao lwong ngot (Sorghum bicolor L. Moench) 1a mét su lya
chon thich hep. Cao lirong ngot 1& mét logi cy trong C4, ¢6 hiéu suat quang hep tét, chiu han
tot khong kén dat va 1a nguon cung cdp nguyén liéu ché bién ra nhiéu logi san phdm theo chudi
gia tri. Vi vdy, day la mét lwa chon day tiém ndng trong dé an chuyén doi co cau cdy trong ¢ Phii

Yén.

Twr khoa: Cao luong ngot, bién doi khi hdu, chiu han, ddt bac mau, chudi gia tri

1. Pit van dé

Viét Nam 12 mot trong nhitng qudc gia bi
anh huong nang né ciia bién d6i khi hau
(BDKH), tac dong cia BDKH dién bién
nhanh hon so véi du kién. Han han c6 nam
lam giam 20-30% nang suét cay tréng, giam
san luong luong thuc, anh hudng nghiém
trong t&i chan nuoi va sinh hoat ciia nguoi
dan. Hién nay, BDKH va dit bac mau dang
gay ra nhirng tac dong tiéu cuc ngay cang ro
rét ddi véi tinh Pha Yén. Chinh vi vay, can
ddy nhanh viéc hién thuc hda céc giai phap
thich &g cay trong dé giam thiéu tac dong,
g6p phan 6n dinh doi séng ngudi dan. Trong
giai doan tir 2016 dén 2020, hon 1.076 ha
dién tich dat lta kém hiéu qua da duoc
chuyén d6i sang cay trong khac co gia tri
kinh t& cao nhu bip lai, dau phong, dau
tuong... tao ra gia tri hon 12,3 ti ddng. Dién
tich dugc chuyén doi chu yéu 1a dat trong l0a
1 vy, khong chii dong nude tudi (Nguon: S¢
N6ng nghiép va phat trien nong thén Phi
Yén). Theo danh gia cua dia phuong, viéc
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chuyén d6i dit IGa sang cay trong khac la
bién phap vira tiét kiém nuéc, phi hop véi
san xuét trong diéu kién kho han vira ting
hiéu qua kinh té tir 1,5 — 3 14n so vdi trong
lGa. Trong bdi canh néng nghiép dang duoc
dr?iy manh, huéng dén da dang hoa san phém,
nang cao gia tri hang ho néng san xuét khau
dat tiéu chuan quéc té, linh vuc tré)ng trot
chu trong dén chuyén doi co ciu cay trong
theo hudng nang cao chat lwong va hiéu qua.
Do vay, viéc lya chon loai cay trong méi
tham gia co ciu cay trong dé dap ung duoc
yéu cau thyc tién 1a hét sic quan trong Voi
ndng nghiép Phu Yén.

Cao luong ngot (Sorghum bicolor L.
Moench) thudc chi Lua mién hay Chi Cao
luong (Sorghum), ho Hoa thao (Poaceae) la
mét sy lua chon déy tiém ning, co thé giai
quyét duoc nhitng van dé néu trén, thich hop
trong chuyén doi co cau ciy trong thich ing
voi BDKH. Cao luong c6 thé trong ¢ ving
dat kho han, ving dat cat ven bién, dat dang
trong cac loai cdy cho thu nhap thap. Cao
lwong 1am phong phu thém ngudn cung cap
nguyén liéu ché bién theo chudi gié tri nhu:
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syrup, con nhién liéu, con thuc pham, thic
an trong chan nudi,... Bai bao nay tap trung
phan tich tiém ning phat trién cua cy cao
lwong ngot trong diéu kién sinh thai & Pha
Yén, nham dong gop thém co sé khoa hoc,
phuc vu chwong trinh chuyén ddi co cau cay
trong cua dia phuong.

2. Noi dung

2.1. Ngudén gbéc va phan loai cao lwong
ngot (Sorghum bicolor L. Moench)

Cao luong ngot thuoc chi Cao luong
(Sorghum), ho hoa thao Poaceae (Gramineac),
phan ho Panicoideae, b0 Andropogoneae, bd
phu Sorghinae (Clayton & Renvoize 1986).
Chi Cao luong thuoc ho co Poaceae
(Gramineae), phan ho Panicoideae, bd
Andropogoneae, bd phu Sorghinae (Clayton
& Renvoize 1986). Ho Andropogoneae chira
mot s6 loai cdy trong quan trong nhu mia
(Saccharum spp.) va bap (Zea mays). Chi Cao
lwong 1a mot nhom rat da dang vé loai bao
g0m 25 loai dd dugc cong nhan va phan loai
thanh ndm phan loai vé mit hinh thai:
Chaetosorghum, Heterosorghum, Parasorghum,
Stiposorghum va Eusorghum (USDA, 2015;
The Australian Government Office of the
Gene Technology Regulator, 2017).

Cao lwong ngay nay ¢ ngudn gdc tir cao
lwong dai  Sorghum bicolor subsp.
arundinaceum ving Pong Bic Chau Phi, cu
thé 1a & nhitng qudc gia nhu Ethiopia va
Sudan (Doggett, 1988; Dillon va cong su,
2007). Cao lwong da phat trién véi cac dic
diém hinh thai da dang vé chiéu cao cay va
chum hoa, dap ng nhiéu muc dich st dung
nhu: thuc pham, thuc an gia sac, chat xo,
nhién liéu, phan bon va cac san pham lén
men. O Viét Nam, cao luong dugc trong lau
doi tai cac khu vuc nuai cao nhu: Ha Giang,
Cao Béng, Lao Cai, Son La, Dién Bién, khu
vuc Tay Nguyén. .. chu yéu dé thu hoach hat
lam luong thyc va thirc an cho gia suc. Cac
nha khoa hoc d trién khai dé tai nghién ciu

vé bién phép k thuat: thoi vy, phan bon, sau
bénh, mat do, thu hoach, ché bién & céc ving
sinh thai khac nhau. Tiur nhitng nam 2009,
Tap doan dau khi Viét Nam da bat dau xay
dung cac nha may Bioethanol & Phu Tho,
Quang Ngai, Binh Phudéc, mé ra hudng
nghién ctru dé tim loai cy trong cung cap
nguyén li¢u ma khong phai la cady mia nhu
Brazil hay biap nhu M3y (Nguyén Thi
Phuong, 2016). Tt do, da co nhitng nghién
cliu vé cay cao luong ngot, chu yéu la gidng,
mua vu, mat d6 va phan bon ¢ phia Bic. O
mién Trung, cao lwong ngot chua dugc trong
dai tra theo quy mé cong nghiép dé khai thac
hét tiém nang cua ching.
2.2 Pic diém thuc vat hoc va sinh trudéng
cua cay cao lwong ngot

Cao luong ngot 1a cay trong C4, than
théng, c6 thé kho hodc chtra nhiéu nudc,
gilta than c6 thé rdng hodc khong, co dbt
gidng co, nam trong ho Hoa thao. Tuy timg
gidng va diéu kién sinh truong, chiéu cao
cay thay dbi tir 0,5 - 5m, c6 gidng cao t6i
6m. DBuong kinh than dao dong tr 0,5 - 2,5
cm va thu nho & phan ngon. Trén than phat
trién mot vai chdi nach lam cho cay cao
lvong dé nhanh nhiéu va khée (Tran Vin
Hoa, 2003). Cao luong ngot c¢6 kha nang dé
nhanh, nhanh dugce sinh ra tir cac d6t sat mat
dat dén cac @6t trén than. Néu than chinh bi
chét thi cac nhanh con s& moc ra thay thé.
Cao luong c6 sic tai sinh rat manh, trong
mdt vu c¢6 thé thu hoach lién tiép 2 - 3 lan,
¢6 khi t6i 4 1an tiy vao mirc do tham canh.
Mbi mat trén than cao lwong c6 nhimng chdi
mam, s& tiép tuc phat trién cho ra nhimng cay
moi ¢ vu sau. Néu thu hoach ding luc khi
hat vira cing thi nhitng mam & phan gdc phéat
trién rat manh. La cao luong rong va dai,
phan bé trén than rat da dang, ching c6 thé
tap trung phan goc hodc phan bd dong déu
trén than. S6 14 trén than chinh co thé thay
d6i tir 7 - 24 14 tiiy thudc timg gidng. La cao
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lwong c6 phan be 6m sat vao than 1am ting
d6 cimg cho cay. Be 14 c6 chiéu dai khoang
15 - 35 cm va cudn chit Iy than (Bui Quang
Tuén, 2006). B6 1& cao luong phat trién
rong, thuong tap trung & d6 sau 0,9 m va co
thé an sau t6i 1,5 m tuy theo két cdu va do
am cua dat (Nguyén Thi Bich Ngoc, 2005).

Hinh 1. Hinh thdi cdy cao luwong (Jafari va
cong su, 2017)

Hoa cao lwong két lai thanh bong dai 4 -
25 cm, rong 2 - 20 cm, co thé moc théng
dung hodc cong xudng nhu ¢6 ngdng. Chim
hoa ¢ mét cudng trung tdm, v&i nhiing
nhanh cap 1, cap 2, d6i khi c6 cap 3, tir cac
nhanh nay sinh ra cic chum hoa nho. Chiéu
dai va khoang cach ctia nhanh hoa quyét
dinh hinh dang cta chum hoa la hinh nén
hay hinh 6 van kin (Bui Quang Tuin, 2006).
DPau hoa mang hai loai hoa, mot loai khong
co cuéng va ¢6 ca hoa duc 1an hoa cai, loai
con lai co cuéng va thuong 1a hoa duc. Hat
cao luong co kich thude tir 4 - 8 mm, mau
sdc hat thay doi tir vang nhat dén ndu do va
nau sam tiy thudc vao gidng. Chung hinh
dang khac nhau tiy timg gidng, nhung
thuong co dang tron hoac 6 van va dugc bao
phu boi 16p may. Vo hat cing, ¢6 tinh khang
bénh nhung lam gia suc kho ti€u hoéa hon
(Vendramini, 2015).bénh nhung lam gia stc
kho tiéu héa hon (Vendramini, 2015).

Vanderlip (1993) da mo ta cac giai doan
sinh trudng cua cao luong 6n dai trén thang

diém 0-9. Tuy nhién, Murdy va cong su
(1994) da don gian hod su sinh trudng cua
cay cao luong thanh ba giai doan: (i) Tu
trong dén giai doan bat dau hinh thanh bong
(GS1); (ii) tir dau giai doan hinh thanh béng
dén tr6 hoa (GS2); va (iii) tir ra hoa dén chin
sinh ly (GS3) (Hinh 2). Tuy nhién, thoi gian
clia cac giai doan sinh truang nay cé thé thay
d6i theo ngay trong, kiéu gen va vi tri (vi do).
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Hinh 2. Cdc giai doan phét trién cia cay cao
lrong 9 ngay tuoi (Murdy, D.S., Tabo, R &
Ajayi, O. 1994.)

2.3. Tiém ning phat trién cao lrong ngot

Cao luong ngot c6 thoi gian sinh truong
tir 100 - 110 ngay ngin hon so véi bap (4,5-
5 thang) va mia (7 thang). Cao luvong c6 kha
nang sinh trudng rat manh va cho sinh khéi
16n tai vung c6 nhiét d6 cao nhu & Phi Yén.
Néu quan li tbt, ¢6 thé canh tac lién tuc 3 vu/
nam. Thoi gian sinh truéng ngan gop phan
giam chi phi du tu, thich hop dé chuyén doi
co ciu cay trf)ng, tao nguén sinh k& méi cho
nguoi dan vung kho khan ¢ Phu Hoa, Tay
Hoa, Son Hoa...

Cao luong 1a cay trong thudc nhom cay
quang hop theo chu trinh C4. Pay la chu
trinh quang hop hiéu qua vi c6 thé dién ra
trong diéu kién nhiét d6 cao, anh sang toan
phan, diém bu CO; thap va nudc han ché.
Hiéu qua quang hop cua chiing rat cao (4g
sinh khdi/ MJ btic xa mit troi) gap 2 1an cay
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C3 (Lé Van Hung, 2012). Trong diéu kién
cudng d6 chiéu sang va nhiét do cao, chling
c6 thé quang hop manh hon va san xuét
lwong vat chat kho nhidu hon (hon 90% vat
chat khé tich lily dugc 1a nhd quang hop). Vi
vay, nho vao kha nang thich nghi, cao lvong
duoc xem 1a ciy trong quan trong lam thirc
an tho xanh cho gia stc an c6 ¢ nhitng vung
¢6 khi hau khic nghiét (Tran Vian Hoa, 2003).

Cao luwong ngot con 1a cay chiu han tt,
khong kén dat, c6 thé trong dugc trén nhiing
vung dat kho can, tham chi gin hoang hoa,
noi khong thé trong ltia gao. Nhiéu tai lidu
nghién ctru cho thdy, cao luong 1a cy trong
chéng chiu duoc véi cac loai dat tir chua dén
kiém, dit ngap nudc hay khd han, n(‘Sng do
mubi cao. Khoang pH dit ma cao lwong c6
thé sinh truong dugc 14 rit rong tir 5,0 dén
8,5. Cao luong co cac dic diém vé hinh thai
va sinh 1y cho phép chiing ¢ thé sinh truong
va ton tai trong diéu kién han nhu: bd ré an
sau va lan rong, bo ré phu nhiéu gép 2 1an so
vGi bép, kich thudc bé mit 14 chi bang % ctia
bap, trén phién 14 hodc be 14 c6 mot 16p sap
mau tring nhat bao phu dé bao vé chung khoi
su mat nude khi ning nong, ty dimg sinh
truong trong diéu kién khic nghiét va phuc
hoi tré lai binh thudng khi diéu kién thuén
lgi. Bén canh d6, bo ré cua cao lwong ngot
rat khoe va 16p biéu bi r& dugc bao phu boi
mot 16p Disilicic khi phat trién, giap chung
ding ving trong thoi ky kho han (The
Australian Government Office of the Gene
Technology Regulator, 2017). Cao luong c6
Khoang nhiét do thich tng rong (tir 2°C -
41°C) nén chung co thé phat trién ¢ nhimg
vung nhiét do6i va can nhiét doi voi luong

mua hang nam chi 400 - 600 mm, qué khd
khong trong bap duge. Lugng nudc tudi can
thiét cho cao lwong ngot 1a 4.000 (m®/ha/vy),
chi bang 1/6 lan so voi bap (24.000
m®ha/vy) va 1/9 lan so véi mia (36.000
m®ha/vy). Khong chi c6 kha ning sinh
truong trong ving han ma cé thé trong &
nhitng vung c6 luong mua 16n nho cé kha
nang sinh trudng trong diéu kién ngap nudc
thuong xuyén (Pham Van Cuong, 2006)
(Bang 1).

Cao luong ngot duoc biét dén véi san
phim da dang, va dugc goi 1a cdy trong
"6F's" (Food: Thyc pham (hat ngii coc va
duong); Feed: Thirc an (sinh khdi, hat ngii
cdc va thire an gia sac); Fuel: Nhién liéu (san
xuit ethanol); Fiber: Chat xo (san xuat
cellulose, gidy, lam chit dét, ethanol thu hé
2); Fermented products: San pham 1én men
(con cac loai, bia, metan); Fertilizer: Phan
bon (phan hitu co tir san pham phy)). Cac
dic diém nhu chiéu cao cdy, duong kinh
than, sinh khéi xanh, ham luong duong
trong than va kha ning chiét xuat nudc ép
ctia than cao 1a nhitng yéu té dong gop chinh
vao chudi san pham cua cdy cao lwong
(Almodares va cong su, 2007). Chiéu cao
cay dao dong tir 1,5 m dén 3,0 m, chta nhiéu
nudc ngot trong than (Martin va cong su,
1975), la ngudn cung cap duong tiém ning.
Cao luong ngot con la cay trong ning luong
quan trong dé san xuat con sinh hoc nho vao
cac uu diém nhu: san luong sinh khdi cao,
yéu cau dau vao thap va kha nang phat trién
trong nhiéu diéu kién méi truong khac nhau
(Steduto va cong sw, 1997; Mastrorilli va
cong su, 1999)

Bing 1. So sanh cao lwong ngot véi mét sé cdy trong khéc (Mia, bdp)

Mo ta Cao lwong ngot Mia Ngb
Thoi gian sinh truong (thang) 3 - 4 (Nhiét doi 3) 7 45-5
S6 vu thu hoach (vu/nam) 2-3vu 1 vu 1 vu
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Piéu kién dat dai

Sinh truong tot trén cac

bat kho, nudc tot,

bit chat, nudc

loai dt khong ngap t6t
Tudi/cap nude (m¥ha) 12.000 (3 vu) 36.000 24.000
Quan Iy canh tac De’v zhsgfhsau Phai xir 1y t5t Phai xir 1y tt
Ning suét than (tin/ha) 55-70 70-80 60
Ham luong duong (%) 7% - 12% 10% - 12%
Ning sudt duong (tin/ha) 6-8 7-8 4
San xuét ethanol (1/tin) 3000 - 4000 3000 - 5000

Phuong phép thu hoach

DPon gian, tht cong - co gidi

Phtic tap - Co gidi

Pon gian, thu
cong, co gioi

2.4. Kha nang thich wng cua cay cao
lwong ngot & Phu Yén

Phu Yén la tinh duyén hai Nam Trung bo,
khi hau nhiét doi gié mua, néng 4m, véi 2
mua rd rét: mia mua tir thang 9 dén thang
12 va mua kho tir thang 1 dén thang 8. Trong
nam c6 hai d6i gio chinh Péng Bic va Tay
Nam. Do dija hinh ¢6 xu huéng thip dan tir
phia Tay sang phia BDong nén khi hau co6 su
sai khac giita hai ving, bao gdm ving dong
bang va ving cao. So vdi ving cao, ving
dong bang c6 nhiét do trung binh, tong
lwong mua nam va tong sé gio ning ndm cao

hon véi mitc chénh 1éch lan luot 1a 0,8°C;
162,4 mm va 208 gio trong khi tong lugng
bbc hoi nam thip hon véi mirc chénh léch
307,4 mm (Bang 2). Nhiét d§ trung binh
nam tir 24,4 - 27,2°C, téng luong mua nam
tir 2.324 - 2.532 mm. Cao luong ngot co thé
sinh trudng & nhiét do tir 15 - 45°C va thich
hop & 23 - 40°C, d6 dai ngay: 10 - 14 gio,
lwong mua thich hop 800 - 1200mm va 4m
d6 50%. Nhu vdy, c6 thé thiy diéu kién nhiét
d6 cua Phi Yén rat thich hop dé trong cay
cao luong ngot.

Bdng 2. Bang khi hdu theo vung o Phu Yén (theo bdo cdo danh gia khi hdu tinh Phu Yén

nam 2019)
Dic didm Khu vye DPong bang Ving cao
Nhiét d trung binh nim (°C) 27,2 26,4
Téng lwong mua nim (mm) 1.977,0 1.814,6
Téng s6 gid ning nim 2.532 2.324
Téng lwong béc hoi nim (mm) 1.279.4 1.586,8

Theo dé an co cau lai nganh néng nghiép cua
tinh, linh vyc trong trot duoc co ciu theo
hudng san xuét tap trung, quy m 16n, phét
trién céc viing nguyén liéu cho ché bién cong
nghiép. HS tro chuyén doi hon 1.000 ha dat
trong lua kém hiéu qué sang tréng cay hing
ndam khéac. Bén canh do, nganh chin nubi

dugc quy hoach phat trién theo hudng trang
trai, quy mo tap trung, dac biét l1a cac trang
trai nudi bo. Do d6, can mot luong 16n thirc
an xanh 6n dinh. Ngoai cac san pham lén
men, thuc phém, nhién li€u sinh hoc, phan
bon, cy cao lwong con cung cip ngudn thirc
an xanh doi dao va chat luong. Cao luong
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ngot 13 cay trong khong kén dat, véi san
phém da dang nén la su lga chon thich hop
trong chuyén dbi co ciu cdy trong.

3. Két luan va kién nghi

O nuéc ta, tuy theo ving cdy cao luong
duoc goi theo mét s6 tén khac nhau nhu lta
mién, cu lang, mi, bo bo. Cao luong dugc
trong & cac khu vuc mién ndi cao phia Bic
hodc Tay Nguyén. Cao luong trudc day da
dugc dong bao cac dan toc vung nai dung
1am ngudn thirc an chinh cing véi laa gao
va ngil cde. Ngay nay, viéc trong cao luong
chi yéu ding lam thirc an cho gia stic va
nhién liéu sinh hoc. O khu vuc phia Béc chi
c6 thé trong ti da 1a 1-2 vu, vi nhiét d6 céc
thang muia dong xubng dudi 15°C nén ti 18
nay mam ciy cao lwong ngot thip hoac phét
trién kém.

V& diéu kién nhiét d¢, Phi Yén c6 diéu
kién thuén lgi hon phia Bic nhung cao
lvong ngot chua dugc dua vao canh tac.
Trong nhiéu nim qua, mia van la mot trong
nhiing cay cong nghiép chu luc. Tuy nhién,
niam 2020 do ning han nén dién tich mia
giam 17,6%, con 21,6 ha; ning sut 56,8
tan/ha, giam 8,1 tan/ha; san luong 1,22 triéu
tan mia cdy, giam 27,6% so voi nam 2019
(Theo thdng cdo bdo chi tinh hinh kinh té xd
hoi trén dia ban tinh Phu Yén nam 2020).
Mit khac, cdy mia chi cung cAp nguyén liéu
cho cac nha may duong tdi da 1a 4-5 thang/
nam (tir thang 10-11 dén thang 2 nim sau).
Hién nay, mdt s6 nha khoa hoc da nghién
ctru trong cdy cao lwong ngot dé 1ap day hon
7 thang nha may duong khong c6 nguyén
lidu, hodc rai vu dé co thé cung cap lién tuc
cho cac nha may ché bién trong ca nam. Vi
ciy cao luong ngot c6 loi thé 1a cay trong
ngan ngay (100-120 ngay) va c6 kha ning
tai sinh manh nén c6 thé gieo hat 1 lan va

thu hoach 3-4 lan.

Hién nay, mét du an co téng von dau
tu 90,3 ty ddng dang duogc trién khai ¢ Phu
Yén nham xay dyng ving nguyén liéu trong
cay cao luong ngot cho thiy tinh phu hop va
kha thi ctia cao luong ngot trén ving dat nay.
Du 4n s& phat trién ngudn giéng cao luong
ngot c6 gid tri, xdy dung nha may ché bién
theo hudng cong nghé cao, tao ra cac san
pham theo chudi gia tri tir cdy cao luong
ngot nhu con thyc pham, syrup, CO,, thirc
in U chua gia stic dé cung cip cho thi trudng.

Nhu vy, xét vé tinh thich nghi va tinh
hinh thyc té san xuat cua dja phuong, cay
cao luwong ngot la mot trong nhiing lya chon
day tiém ning dé chuyén ddi co cau cly
trong trong diéu kién bi anh huong bai bién
d6i khi hau. Viéc mot dy an vé cay cao luong
ngot dang trién khai tai khu Néng nghiép
cdng nghé cao Pha Yén dugc ky vong s€ lam
thay d6i co ciu cay trong va chuyén ddi cac
vung dat tréng ngo, s&n, dau, mia. .. cho thu
nhap thip hodc cic khu vuc dat hoang hoa.
Dong thoi tao didu kién dé phat trién cac mo
hinh “cong — nong nghiép” gan lién san xudt
v6i ché bién quy mo vira va nho; ciing nhu
phat trién h¢ thdng cac hop tac xd cong -
néng nghiép, thich hop véi xu thé phat trién
néng nghiép bén viing trong diéu kién san
xuit phan tan ctia Viét Nam (Béo Pau tu
onling). Tuy nhién, dé dua vao san xuat hiéu
qua mot cay trong mai, can cé nhitng nghién
ctru khoa hoc V& quy trinh k§ thuat canh tac
thich hop dé phét huy tiém ning cua gidng
nham dat ning suat va chit lugng tét nht.
bong thoi, can phai tao duoc méi lién két
bén nha (nha nudc - doanh nghiép - nha
ndng - nha khoa hoc) dé tao ra cac san pham
theo chudi gia triQ
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Abstract

Nowadays, climate change and degraded soil are causing negative impacts on Phu
Yen province. Sweet sorghum (Sorghum bicolor L. Moench) is a C4 crop, good photosynthetic
performance, good drought tolerance, can be cultivated in different types of soil for
processing a variety of products supplying for the value chain. Therefore, this is a potential
choice in the project of crop restructuring in Phu Yen.

Key words: Sweet sorghum, climate change, drought tolerant, poor nutrient soil,
value chain



