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TOM TAT

Nghién ctu nay nhdm danh gia kha nang chiju han & giai doan dé nhanh ctia 20 dong lGa méi lai tao cé nén di
truyén 1a giong IR24 (mét giéng IUa indica) nhwng khac nhau bdi mot doan nhiém sac thé thay thé tir loai IUa dai
Oryza ruflpogon (5 dong) va mét gibng lua trdng thudc loai phu Oryza japonica co6 tén la Asominori (15 dong). Lua
dwoc tréng trong dung dich dinh duong Kimura B. Cong thuc xt ly han duwoc bd sung vao dung dich dinh duwdng
20% PEGB000 trong thai gian 3 tuan. Két qua cho thay, hé sb twong quan gitra chi sb chiu han (DRI) v&i khéi lwong
chét khé clia cac dong/gibng & cong thirc ddi chirng (khéng bd sung PEG 6000) va bj han |an lwot lar= 0,614 var =
0,604. Xt ly han da lam gidm sé 14, dién tich 14, tdng dién tich b& mat clia ré va sé r&, sé 16ng hat & da sb cac dong
lta mé&i va gibng ddi chirng IR24 nhwng khong lam gidm sb ré, sé 16ng hat & cac dong c¢é DRI cao. Trong didu kién
han, t4t ca cac dong lta maéi déu cé chi sb chiu han cao hon giéng lta IR24. Cac dong c6 mang gen Asominori bidu
hién kha n&ng chiu han tét qua viéc tang hap thu va van chuyén nuéec tir ré 1&n 1a va ting sw phat trién hé théng ré.
Trong khi d6, cac dong c6 mang gen O. rufipogon biéu hién kha n&ng chiu han tbt qua viéc gidm sé 14, dién tich |4 va
gidm thoat nwoc. Vi vay, céd thé str dung lta Asominori va lda dai O. rufipogon lam vat liéu cho coéng tac chon tao
giéng la chiu han.

T khéa: Asominori, chiu han, giai doan dé nhanh, PEG 6000, Oryza rufipogon.

Evaluation on Drought Tolerance of Rice Lines
with Indica Genetic Background Carrying Chromosome Segment Substitution
from Wild Rice (Oryza rufipogon) or Japonica

ABSTRACT

Twenty chromosome segment substitution lines (CSSLs) developed from IR24 background (5 lines of Ruf ILs
(IR24 x O. rufipogon), 15 lines of IAS (IR24 x Assominori - a Japonica cultivated rice) and IR24 were evaluated for
drought tolerance at tillering stage. The 3-leaf seedlings were grown in Kimura B + 20% PEG6000 solution (drought
treatment) or in Kimura B solution (non-drought treatment). The results showed that, the drought resistance index
(DRI) correlated with the dry matter under drought and non-drought conditions with r = 0,614 and r = 0,604,
respectively. The number of leaves, leaf area, root surface area, number of roots and root hairs in both CSSLs and
IR24 were reduced in drought condition. But, there was no reduction in root numbers and root hairs numbers in
CSSLs, which had higher DRI. The results also showed that, drought tolerance mechanism of IAS lines might involve
the increase of root growth, water uptake and root-to-shoot water transport. However, the mechanism in Ruf ILs lines
might involve the reduction of leaf number, leaf area and in company with increase of root growth and water uptake.
These finding suggested that wild rice O. rufipogon and Asominori would be ideal materials for rice breeding for
drought tolerance.

Keywords: Rice, Indica, Japonica Oryza rufipogon, CSS line, drought tolerance.
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1. MO AU

Lua (Oryza sativa L.) 1a cay ngii coc c6 gia
tri kinh t€& cao va 1a nguén luong thuc chinh cho
hon mot ntia dan s6 thé gidi, trong d6 c6 Viét
Nam (Hadiarto and Tran, 2011). Theo IRRI
(2014), dién tich lda canh tac nhé nude troi (tinh
ca dat thap — rainfed lowland va dat cao — rainfed
upland) chiém khoang 40% téng dién tich canh
tac lia trén thé giéi. 0 nhiing viing dit nay, han
han 13 nguyén nhan chii yéu lam giam ning suét
lia (Kamoshita and Babu, 2008). Trong khoang
4,36 triéu hecta dat canh tac lda ¢ Viét Nam, c6
t6i hon 2,1 triéu hecta c6 thé gip cac diéu kién
b4t 1gi nhu han, méan, tng, phén... ( Nguyén Tan
Kinh va cs., 2005). D6i véi vu lda xuan & mién
Béc Viét Nam, thdi gian thiéu nuéce thudng & thoi
ky lda dé nhanh, ti thang 2 - 4 (Vi Thi Thu
Hién va Pham Vian Cudng, 2012).

Mic du rat khé két hop cac tinh trang quyét
dinh nang suit va tinh trang chéng chiu trén
cac gidng cai tién nhung st dung ngudn gen quy
tir laa dai 1a huéng quan trong nh4t hién nay dé
chon tao cac gidng lda c¢6 kha ning chéng chiu
(Lafitte and Blum, 2004). Nhiéu nghién ctiu cho
thdy, lua dai 1a ngudn vat liéu rat ly tudng dé
lai v6i cac giong ldua trong (Oryza sativa L.)
nhdm tao ra vat litu c6 thé sinh trudng tét va
cho ning suit cao trong diéu kién stress
(Jinhua and Grandillo, 1996). Trong nghién ctu
nay, ching téi danh gia kha n#ng chiu han cta
cac dong lda cé6 nén di truyén tu giong lda
Indica (IR24) nhung da mang mdt doan nhiém
sfc thé thay thé tit loai lda dai Oryza rufipogon
va mot giong lda trong Japonica tit Nhat Ban c6

tén 12 Asominori.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat liéu nghién ctu

- Céc dong/giéng Iia: Bang 1 1a danh sich
20 dong lia CSSLs (chromosome segment
substitution lines) bao gébm 15 dong dugc chon
loc tit t6 hop IR24 x Asominori (mdt giong lia
trong Indica) va 5 dong tit t6 hop lai xa IR24 x
Oryza rufipogon (mot loai lda dai) (Kubo et al.,
2002), giong doi ching 1a IR24.

- Héa chat va dinh dudng: polyethylene
glycol 6000 (PEG6000) (Money, 1989); NaOH
10%, Ethanol 10%, NaOCl 5%, HCl 10% va
dung dich dinh duéng Kimura B (Yoshida and
Forno, 1971).

2.2. Phuong phap nghién citu

Hat giéng dudc khi trung bing ethanol
10% trong 3 phut va NaOCl 5% trong 30 phut,
sau d6 ngdm nuéc 30°C trong 2 ngay cho téi khi
ntt nanh. Tiép theo, cac hat ndy mam dudc gieo
vao cac khay ma chta bun rudong day 5cm.

Khi ma dudc 3 - 4 14 that, trong ciy vao cac
thung (55cm x 38cm x 18cm) chita 301 dung dich
dinh dudng Kimura B (Yoshida and Forno,
1971). D6 pH = 5 dugc duy tri trong suét thoi
gian sinh trudng (st dung NaOH 10% ho#c HCI
10% dé hiéu chinh). Thay méi dung dich dinh
dudng cit 7 ngay/lan. CAy dudgc c6 dinh bang x6p
mut, véi phan ré ngap trong dung dich dinh
dudng. T4t cad cic cay cua 21 dong/giong dudc
tréng trong cung modt thung véi 4 cAy/dong,
giong. Vi tri clia cac giéng la ngau nhién trén

mdi thung véi téng s6 thung 1a 12.

Bang 1. Danh sach 20 dong lta st dung trong thi nghiém

Stt Tén dong Stt Tén dong Stt Tén dong Stt Tén dong
1 IAS 1a 6 IAS 25 11 IAS 51 16 Ruf IL 2
2 IAS 6 7 IAS 36 12 IAS 52 17 Ruf IL 4
3 IAS 7 8 IAS 37 13 IAS 55 18 Ruf IL 6
4 IAS 16 9 IAS 43 14 IAS 56 19 Ruf IL 11
5 IAS 20 10 IAS 45 15 IAS 63 20 RufIL 13
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2.2.1. Xir Iy han

Khi cdy chuyén sang giai doan dé nhanh (7
ngay sau trong), gdy han nhan tao bing cach
thay méi dung dich dinh dudng Kimura B c¢6 bd
sung 20% PEG 6000' (Money, 1989). Coéng thiic
d6i ching khong b sung PEG. Mb&i cong thiic
dudc nhic lai 6 1an (6 thung). Thoi gian xi ly
han 1a 21 ngay (khi cAy chua chét nhung quan
sat thay bi kho d4u 14 & diém 5 (theo Hé théng
tiéu chudn danh gia cdy lia IRRI - 2002, sau d6
thu mau cay dé phan tich.
2.2.2. Cac chi tiéu theo doi

- Toéc do sinh trudng tuong ddi duge tinh
bing cong thic:

W,-W
RGR (g/ngay) = ——

ty -t

- Téc do tich luy thudn dugc tinh bing
cong thic:

W, - W,
172(A; + Ay x (to-ty)

NAR (g/m?la/ngay) =

Trong dé:

RGR (relative growth rate): téc d6 sinh
trudng tuong d6i

NAR (net assimilation rate): Téc do tich liy
thuan (g/m%*ngay)

t, va t, 12 thoi diém bét ddu giy han va thoi
diém két thic han

W,; W,: khéi lugng khé (g) cua cay tai thoi
diém t, va t,

A;; A, dién tich 14 (m?) tai thoi diém t, va t,
(ngay sau xu ly han)

- Dién tich 14 (14 xanh) trén cidy dudc do
bing may LI - 3100C.

- D6 thiéu hut nuée bao hoa duge xac dinh
theo cong thtc sau:

Do thigu hut nudc
béao hoa (%)

SW-FW

1
swoow X100

La cit khoi cay rdi can dé xac dinh khéi
lugng tuci (FW), sau d6 dudec ngdm trong nudc
24h rdi can dé xac dinh khéi lugng 14 da bao hoa
nuéc (SW). Tiép theo, 14 dugc sdy & nhiét do

168

80°C trong 48h va can dé xac dinh khéi lugng
kho (DW).

- 86 lugng ré, tong chiéu dai ré, dién tich bé
mit ré: dude xac dinh bing may quét ré, su
dung phan mém WINRHIZO pro 2012b.

- Chi sb chiu han (drought resistance index —
DRI) ctia dong/giong dude xac dinh theo cong thic
sau (Fischer and Maurer, 1978; Blum, 2011):

DRI = (Ws/Wp)/(Ms/My,)

Trong dé:

W, va W, 1a khéi lugng khé (g) cia kiéu gen
(dong/giong) khi bi han va khéng han (dé6i
chting)

M, va M, 1a khoéi lugng khoé trung binh ctaa
tdt ca cac kiéu gen khi bi han va khéng han
(d61 chting).

2.2.3. Xut Iy sé liéu

S6 litu duge phan tich phucng sai bang
phan mém Excel va Cropstat 7.2. Cac két qua
trinh bay & bang 1a gia tri trung binh + SE véi
n=6-12.

3. KET QUA VA THAO LUAN

3.1. Anh huéng cta han dén kha nang sinh
trudng cia cac dong/giong lua

Khi bi han, hau hét cac chi tiéu sinh trudng
cua cay déu bi gidm so véi d6i chiing (Bang 2).
Két qua cho thay s6 14 ctia cic dong/gidng bi
gidm so v4i d61 chiing khong han (78,39-
97,07%), tuong ting véi s6 nhanh cua cay khi bi
han thap hon so véi d6i chiing khéng han tu 1-2
nhanh (khoéng ghi trong bang). S6 14 giam nhiéu
nhat khi bi han & cac dong IASla (78,39%),
TAS7 (82,96%), IAS25 (88,54%) va Ruf IL2
(88,01%), cac gia tri nay thap hon so véi gidng
d61 ching IR24 (92,09%).

Két qua vé dién tich 14 cho thay, han lam
gidm dién tich 1a. O t4t ci cac dong/gidng, dién
tich 14 ctia cay bi han déu thap hon khoang 50%
so v6i cdy khong bi han. So sanh dién tich 1a
xanh cta cac dong ISSLs, chi c6 dong Ruf 114 va
Ruf IL6 c6 kha niang duy tri dién tich 14 xanh
£6t hon giéng TR24 khi bi han.
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Bang 2. Cac chi tiéu sinh truéng ctia cac dong/giong lia khi bi han so véi d6i chitng

Dong sé 1a Dién tich I Sé 18 Sé16nghit  Téng DT bé matré  Mrc do thiéu hyt
(giong) (% so BC) (% so BC) (% so BC) (% so BC) (% so BC) nwéc bao hoa (%)
IAS 1a 78,39t4,87 34,7045,25 68,00 70,09 18,60 37,03+2,71
IAS 6 87,81+3,53 48,93+9,98 72,10 61,22 18,35 41,08+4,44
IAS 7 82,96+7,86 34,93+4,05 76,14 65,67 15,16 37,36+1,48
IAS 16 93,67+3,22 40,94+8,80 117,82 80,90 9,90 35,69+3,95
IAS 20 96,59+3,96 45,71+3,58 76,50 106,52 13,65 39,64+2,59
IAS 25 88,54+2,81 31,95+3,04 63,08 66,67 18,48 43,27+4,22
IAS 36 97,07+4,18 40,51+3,21 87,22 85,37 13,20 40,91+4,11
IAS 37 91,34+3,58 39,7345,10 89,43 82,56 12,39 36,2814,76
IAS 43 96,66+3,08 47,79+8,82 104,23 90,41 10,98 35,59+4,01
IAS 45 92,70+2,92 37,10+2,23 61,00 55,36 16,60 35,05+3,44
IAS 51 91,24+2,98 41,7845,38 56,36 59,54 19,70 44,02+2,02
IAS 52 95,69+1,66 38,79+9,54 45,23 46,20 27,34 42,00+£1,78
IAS 55 91,01+2,29 48,27+4,33 77,26 72,16 14,56 39,00+2,94
IAS 56 94,51+3,40 50,47+10,01 63,27 70,71 18,47 41,31+£1,52
IAS 63 92,30+2,84 46,3315,80 131,89 80,43 8,39 40,08+3,98
RufIL 2 88,01+3,54 36,97+4,53 65,69 80,31 17,14 38,42+1,99
Ruf IL 4 90,98+4,01 53,48+10,87 55,23 47,78 21,12 31,71£2,13
Ruf IL 6 91,20+1,89 52,41+7,96 81,57 64,75 13,99 37,85+2,14
Ruf IL 11 92,05+2,76 45,42+7,05 82,20 57,14 13,90 40,43+3,78
RufIL 13 88,62+2,27 49,98+10,13 113,25 101,41 9,23 37,61£1,77
IR 24 92,09+1,92 51,87+5,41 61,78 53,33 18,39 35,49+2,90

Ghi chi: % so DC = % so véi doi chiing; DT = dién tich

Su sinh trudng ctua hé théng ré bao gom s
ré, s6 long hit, tong dién tich bé mat ré déu bi
kim hdm 6 hau hét cac dong CSSLs va giéng
IR24 khi bi han. Tuy nhién, O cac dong IAS 16,
IAS 43, s6 ré va so long hit khong bi giam khi
bi han. Tham chi, s6 ré cao hon so véi doi chiing
khong bi han nhung kich thuéc ctia hé ré thap
hon so véi mot s6 dong khac nhu TAS20 va Ruf
IL13 (% tong dién tich bé mét ré chi dat 9,9% va
10,98% so véi doi chiing). Dong Ruf IL13 c6 su
tang manh s6 ré va s6 long hut khi bi han,
nhung téng dién tich bé méit ré lai giam manh
nhat so véi d6i ching khong han. Mic du vay,
téng dién tich bé mit ré cla tét ca cac dong lda
CSSLs khi bi han déu rat thap, chi khoang 1/5
so v6i doi chiing.

Su khac biét vé dd thidu bao hoa nuéc cua
14 gifia cac dong, giéng ciing khong c6 ¥ nghia

thong ké thé hién qua d6 thi€u bdo hoa nudc
bién dong tu 31,71 - 43,27%. Su duy tri lugng
nuéc trong md lién quan dén nhiéu co ché khac
nhau. Mat khac, su thiéu bdo hoa nuéc cua 1a
lién quan dén su ton tai cta 14 va kha ning
quang hop ciing dude diéu chinh bing cac co ché
phtic tap va chua hoan toan sang to (Roberts,
1998; Amiard and Morvan-Bertrand, 2003). N61
chung, cac cAy mang gen chiu han thudng duy
tri ham lugng nude trong mo cao hon so véi cay
khac khong chiu han (Tran Anh Tuén va cs.,
2007). Két qua 6 bang 2 cho thay, d6 thiéu bio
hoa nuéc ctua 14 6 cac dong, giong 1a thap, chua
gay hai dén su ton tai bd 14 cuaa cay.

Su tich lity chat khé lién quan dén cic co
ché quang hop, hé hédp, van chuyén chit dong
héa va bi anh huéng rd & cac diéu kién stress.
N6i chung, cdy c6 kha nang tich liy chat kho
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cao khi cudng do6 quang hdp cao va hé hap vo
hiéu thap. Cudng d6 quang hgp cua cay khi bi
stress thuong 1a thap khi b6 may quang hop bi
anh hudng cd vé giai phau va cic phan tng
quang hgp. Két qua ctia chiing t6i chi ra ring s6
l4 6 cay bi han khong gidm nhiéu so véi doi
chiing nhung c6 su gidm manh vé dién tich la.
Piéu nay do su kim ham kha ning md rong
phién 14 va kéo dai phién 14 khi thiéu nudc kéo
theo stic truong cua t& bao giam. B sung PEG
6000 vao dung dich dinh dudng gidy kim ham
manh mé sy sinh trudng cua 14 chi sau vai gic
da dugc bao cao bdi cac tac gia khac (Lu and
Neumann, 1999). C4c nghién ctiu nay cho thay,
b6 sung 0,5mM HgCl, vao dung dich dinh duéng
trong diéu kién han (c6 PEG 6000) v6i muc dich
tic ché& céc kénh van chuyén nuéc nhay cam Hg

6 ré da lam giam dé dan nuéc ti ré dén 1a. Nhu
vay, cic cAy véi kiéu gen chiu han rat c6 thé
ting su van chuyén nudc tit ré dén 14 khi bi han.

3.2. Anh huéng ctia han dén kha ning tich
lity chat kho cta cac dong/giong lua

Kha ning tich liiy chit khd ctia cac dong,
gidng dugc ghi & bang 3. Két qua cho thay toc do
sinh truéng tuong d6i (RGR) cua cac dong lia
méi chon tao déu tuong duong hodc cao hon so
v6i giong IR24. Téc do tich lity thuan (NAR) cta
cac dong méi ciing cao hon giong IR24. Su suy
giam khéi lugng chat kho khi bi han so véi déi
chting cho th4y, 6 cac dong cé khéi lugng kho
gidm it déu c6 cac chi s6 RGR va NAR cao va
cao hon so véi giong IR24.

Bang 3. Kha ning tich liy va chi sé chiu han ctia cac dong, giong trong diéu kién han

Tbc d6 sinh trudng

Téc d6 tich Iy thuan (NAR)

Khéi lwong khd Chi s6 chju han

Dong (ging) t””"”(g /ﬂgg(yF){GR) (g/m?ingay) (% s0 v6i BC) (DRI)
IAS 1a 0,13 £0,01 12,12 1,91 58,03 £778 0979 0,14
IAS 6 0,12 £0,02 10,79 1,40 54,20 417 0978 0,10
IAS 7 0,11 £0,01 10,73 174 56,53 725 0884 0,16
IAS 16 0,13 £0,01 12,51 2,47 65,56 1963 0983 0,17
IAS 20 0,12 £0,00 11,08 1,33 50,63 £753 0941 0,16
IAS 25 0,13 £0,02 13,32 2,31 53,42 916 0978 %017
IAS 36 0,11 £0,02 9,21 +1,45 62,68 +452 0965 0,16
IAS 37 0,13 £0,01 11,20 £1,92 62,54 £709 0960 0,13
IAS 43 0,14 £0,01 13,90 2,11 63,34 1565 0982 0,17
IAS 45 0,12 £0,02 10,19 +1,64 54,39 786 0818 0,13
IAS 51 0,13 £0,02 13,84 £1,71 48,79 +853 0987 0,12
IAS 52 0,14 £0,02 15,89 £2,12 52,85 917 0973 0,13
IAS 55 0,12 £0,01 15,75 2,09 65,82 +758 0872 021
IAS 56 0,13 £0,01 8,73 0,73 63,60 £7,02 0933 0,12
IAS 63 0,13 £0,01 10,05 1,36 56,95 511 0988 0,12
RUf IL 2 0,12 £0,02 12,41 2,88 51,42 £10,03 0829 0,18
Ruf IL 4 0,13 £0,01 9,25 £1,50 5860 1048 0855 0,18
RUfIL 6 0,13 £0,03 14,36 1,37 58,07 806 0960 0,16
Ruf IL 11 0,13 £0,01 10,44 174 69,80 503 1141 018
Ruf IL 13 0,28 £0,02 14,00 175 64,56 673 0983 0,22
IR 24 0,11 £0,01 8,16 £0,45 54,21 896 0854 0,12
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Hinh 1. Tuong quan gitta khéi lugng kho
cua cay khéng bi han (y)
v6i hé s6 chiu han DRI (x)

Nhiéu nghién cttu da cho thdy, danh gia
kha néng chiu han cua cay théng qua chi s6 DRI
cho ké&t qua chinh xac (Fischer and Maurer,
1978; Poorter and Remkes, 1990; Anwar et al.,
2011; Blum, 2011). Theo d6, DRI ¢6 tuong quan
chit véi niang suat hodc khéi lugng chat kho
trong diéu kién han hodc khéong han. Két qua
ctia chung t6i cho thay, DRI c6 tuong quan véi
khéi luong chat khé khi khéng han va khi bi
han véi hé s6 tuong quan theo thi tu la r =
0,614 (Hinh 1) va r = 0,604 (Hinh 2), két qua
nay ph hop véi cac nghién ctu trude va cé thé
st dung dé danh gia kha nang chiu han cua
kiéu gen.

Téc do sinh trudng tuong d6i (RGR) cb
tuong quan chét ché dén su sinh trudng cta cay
da dugc nhiéu tac gia bao cio (Grime and Hunt,
1975; Poorter and Remkes, 1990; Anwar et al.,
2011). Két qua nghién c@tu ctua ching t6i cho
thay, 6 cac dong c6 chi s6 chiu han (DRI) cao déu
c6 RGR cao hon hoic tuong duong. Du vay, toc
do tich lity thuan (NAR) khéng cho thay cé su
tuong tng rd rang véi DRI hodc véi khoi luong
khé khi bi han so véi khong han. Két qua nay
phtt hgp v6i nghién ctiu cua Poorter va Remkes
(1990), trong d6 khong thiy su tuong quan gitia
RGR véi NAR hoéc gitia mot s6 chi s6 tich liy
khac (6 mot vai truong hop) véi NAR. Nhu vay,
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kha néang tich lay cta cay khi bi han c6 thé chiu
anh hudéng ctia nhiéu co ché ma chua dudc biét
rd. K&t qua ciing cho thay, 6 cac dong c6 chi sb
chiu han (DRI) cao nhu IAS16, TAS43 va TIAS 63
déu c6 kha nang phat trién hé ré tét hon so véi
cac dong c6 chi s6 DRI thdp théng qua sb ré va
s6 long hut (Bang 2).

4. KET LUAN
Tru 2 dong IAS 43 va Ruf IL 2, cac dong lia

mang mdt doan nhiém sic thé tit “Asominori” va
“Rufipogon” con lai déu cé chi s6 chiu han (tu
0,855 - 1,141) cao hon so véi giong déi chiing
TR24 (0,854).

Han lam giam s6 14, dién tich 14, tong dién
tich bé mat ctia ré, sd ré va s6 long hit 6 da s6
cac dong CSSLs va gidng d6i chting IR24 nhung
khong lam gidm sb ré, s6 1ong hit 6 cac dong lia
c6 chi s6 chiu han cao.

Cac dong lia mang mot doan nhiém sic thé
tit Asominori biéu hién kha nang chiu han tét
qua viéc tang h&p thu va van chuyén nudc ti ré
lén 14 va ting su phat trién hé théng ré. Trong
khi d6, cac dong mang doan nhiém séc thé tu O.
rufipogon biéu hién kha ning chiu han tét qua

viéc giam s6 14, dién tich 14 va gidm thoat nuéc.
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Danh gia kha ndng chju han ctia cac dong IGa cé nén di truyén Indica nhwng mang mét doan nhiém séc thé thay thé
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LOI CAM ON

Nghién c@tu nay dudc tai tr¢g bdi du an
JICA-JST, Hoc vién Nong nghiép Viét Nam

TAI LIEU THAM KHAO

Amiard, V. and A. Morvan-Bertrand (2003). "Fructans,
But Not the Sucrosyl-Galactosides, Raffinose and
Loliose, Are Affected by Drought Stress in
Perennial Ryegrass". Plant Physiology, 132(4):
2218-2229.

Anwar, J. and G. M. Subhani (2011). "Drought
tolerance indices and their correlation with yield in
exotic wheat genotypes". Pak. J. Bot., 43(3): 1527-
1530.

Blum, A. (2011). Phenotyping and Selection. Plant
Breeding for Water-Limited Environments,
Springer New York, p. 153-216.

Fischer, R. and R. Maurer (1978). "Drought resistance
in spring wheat cultivars. I. Grain yield responses."
Australian Journal of Agricultural Research, 29(5):
897-912.

Hadiarto, T. and L.-S. Tran (2011). "Progress studies of
drought-responsive genes in rice." Plant Cell
Reports, 30(3): 297-310.

Nguyér} Téan Hinh, Truong Vin Kinh, Vi Thi Hing,
Tran Nguyén Thap (2005). Giong lba chiu han
CH208, Tap chi Nong nghi¢p va Phat trién nong
thon, 21: 23-25.

IRRI (2002). Standard evaluation system for rice, Los
Banos, Philippines.

IRRI (2014). Retrieved 11/6/2014, from
http://irri.org/component/cultivated-+area.

Jinhua, X., S. Grandillo, et al. (1996). "Genes from
wild rice improve yield." Nature (London), 384
(6606): 223-224.

Kamoshita, A., R. C. Babu, et al. (2008). "Phenotypic
and genotypic analysis of drought-resistance traits

172

for development of rice cultivars adapted to rainfed
environments. "Field Crops Research, 109(1-3):
1-23.

Kubo T., Aida Y., Nakamura K., Tsunematsu H., Doi
K.,  Yoshimura A. (2002). "Reciprocal
chromosome segment substitution series derived
from japonica and indica cross of rice". Breeding
Science, 52: 319-325.

Lafitte, R., A. Blum, et al. (2004). Using secondary
traits to help identify drought-tolerant genotypes.
Breeding Rice for Drought-prone Environments.

Lu, Z. and P. M. Neumann (1999). "Water Stress
Inhibits Hydraulic Conductance and Leaf Growth
in Rice Seedlings but Not the Transport of Water
via Mercury-Sensitive Water Channels in the
Root". Plant Physiology, 120(1): 143-152.

Money, N. P. (1989). "Osmotic Pressure of Aqueous
Polyethylene  Glycols: Relationship between
Molecular Weight and Vapor Pressure Deficit".
Plant Physiology, 91(2): 766-769.

Poorter, H. and C. Remkes (1990). "Leaf area ratio
and net assimilation rate of 24 wild species
differing in relative growth rate". Oecologia,
83(4): 553-559.

Roberts, S. K. (1998). "Regulation of K+ Channels in
Maize Roots by Water Stress and Abscisic Acid".
Plant Physiology, 116(1): 145-153.

Tran Anh Tuan, Vii Ngoc Thing, Vii Binh Hoa (2007).
"Anh huéng cua han dén mot s6 chi tiéu sinh 1y va
ning sudt ciia mot s6 gidng dau tuong trong dicu
kién nha Iudi". Tap chi Khoa hoc k¥ thuat Nong
nghiép, 3: 17-22.

Vii Thi Thu Hién, Pham Vin Cuong (2012). Phan tich
da dang di truyén mau giéng lta canh tac nhd nudc
troi bﬁng chi thi SSR, Tap chi khoa hoc va Phat
trién, 10(1): 15-24.

Yoshida, S., D. A. Forno (1971). Laboratory manual
for physiological studies of rice. Los Banos,

Philippines, International Rice Research Institute
(IRRD).


http://irri.org/component/cultivated+area.

