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Panh gié kha nang chiu han va mot s0 chi tiéu
sinh hoa cua cac dong ngo chuyén gen ZmDREB2A
trong diéu kién han nhan tao ¢ giai doan cay con
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Tém tit:

Nhém yéu té phién ma DREB (Dehydration Responsive Element Binding) lién quan chit ché dén co ché phan irng ciia
thwe vat déi véi diéu kién bt thuin ‘nhw han. Trong nghién citu nay, cac dong ngo chuyén gen ZmDREB2A da dwgc
danh gia kha néing chiu han va mot 50 ch1 tiéu sinh hoa & giai doan cay con. Trong dleu kién gay han nhan tao, cac dong
ngo chuyen gen ZmDREB2A cé ty 1é song cao hon khoang 2,5 lan so V0'l dong nén khong chuyen gen. Hinh thai cua
dong mang gen ZmDREB2A co biéu hién chiu han tot hon so véi dong nén, trong do chiéu dai ré ciia dong chuyen gen
16m hon 21-28% so v6i dong nén. Khi gap han, dong chuyén gen ZmDREB2A cing duy tri dwgc ham lwgng chlorophyll
(Chl) cao hon 10% so véi cac dong nén, dong thoi tich lily dwoc lwgng chit didu hoa thim thau nhu proline tang 2,5-4,5
lin, carbohydrate khong cau triic (Non Structural Carbohydrate - NSC) nhiéu hon 28-35% so véi dong nén.

Tir khéa: ciy ngd, chiu han, chuyén gen, proline, ZmDREB2A.

Chi sé phén logi: 4.6

Dat van de

Thuc vat ludn phai ddi mat voi nhidu yéu 6 bat thuan
co trong diéu kién moi truong nhu han, man, noéng... Cac
yéu té bat thuan da anh hudng téi khoang 10% dién tich
dat trong va dan t61 sy sut giam hon 50% san lugng trung
binh ciia cac cy trong chinh trén thé gioi, trong do co cay
ngo [1]. Tinh hinh han han da, dang va sé t1ep tuc dién ra
nghiém trong, khién cho viéc nghién ctru nang cao kha ning
chiu han cua cay trong n6i chung va ciy ngd noi riéng ngay
cang cap thiét.

Co ché dap tng voi yéu to bét thuan cua thuc vat lién
quan dén nhom gen ma hoa cac yéu t6 phién ma. Trong do,
DREB 14 mot nhém yéu té phién ma quan trong, dong vai
tro chu dao trong dap mg voi nhiéu yéu t6 bat thuan khac
nhau. Thong qua yéu to DREB c¢6 tac dong cis va viung bam
ADN AP2/ERF, yéu t6 phién ma DREB giup tang cuong
kha ning chéng chiu cua cdy trong ddi véi diéu kién han,
man, nong [2].

Gen ZmDREB2A mi héa cho nhan t6 phién mi nhom
DREB & ciy ngd duoc ting cudng biéu hién khi cdy ngd
gap diéu kién han, man, néng va lanh. Nghién ctru chuyén
gen ZmDREB2A4 vao cay mo hinh Arabidopsis thaliana cho
thiy, gen nay dong vai tro diéu hoa biéu hién cia cac gen
lién quan dén ca diéu kién han va néng, 1am ting cuong bleu
hién cac gen ma héa protein LEA, cac gen lién quan dén s6c
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nhiét va giai doc té bao [3]. Chuyén gen thudéc nhom DREB
cling gitip tang kha nang chéng chiu diéu kién bat thuan &
cac cdy trong khac nhu thudc 14 [4], Iba [5] va lua mi [6].

Trong nghién ctru ndy, chung toi tién hanh danh gia kha
nang chiu han va mot s6 chi tiéu sinh héa cua cac dong
ngd chuyén gen ZmDREB2A & giai doan cdy con. Két qua
nghién ctru 1a co s& dé sang loc va lya chon nguén vat liéu
phuc vu cho cong tic chon tao gidng ngd lai c6 kha ning
chiu han.

Vat liéu va phuong phap nghién cifu
Vit liéu nghién ciru

Vit lidu nghién ctru 1a cac dong ngd chuyén gen
ZmDREB2A va dong nén tuong ting (bang 1).

Bang 1. Danh sach cac dong ngé tham gia thi nghiém.

TT  Tén dong Ghi chu

1 K3 Dong nén khong chuyén gen
2 K3-CG Dong chuyén gen ZmDREB2A
3 K7 Dong nén khong chuyén gen
4 K7-CG Dong chuyén gen ZmDREB2A
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Abstract:

DREB transcription factor group is related to responses
of plants to abiotic stresses including drought. In this
study, the ZmDREB2A transgenic maize lines at the
seedling stage were evaluated for drought resistance
and biochemical characteristics. The survival rate of
ZmDREB2A lines were 2.5 times higher than wildtype
plants in artificial drought tests. Morphological
characteristics also showed the rootlength of ZmDREB2A
lines were 21-28% higher than that of control groups,
which indicates ZmDREB2A lines could suffer drought
better. Moreover, the chlorophyll concentration of
ZmDREB2A lines was 10% higher than the wildtype in
drought condition. Other parameters such as proline
and nonstructural carbohydrate accumulation of the
transgenic lines were higher as compared to control
groups.

Keywords: drought resistance, maize, proline, transgenic,
ZmDREB2A.

Classification number: 4.6

Phwong phap nghién ciru

Gay han nhan tao ¢ giai doan cdy con: thi nghiém gay
han nhan tao duoc tién hanh & giai doan cay con trong nha
ludi theo phuong phap cua Camacho va Caraballo (1994)
[7]. Hat ngd dugc gieo trong x6 chita gia thé xi than va dat
da tudi nude bao hoa. Tia bo cc cay khong dong déu, gitr
lai 6 cay/x0, 3 cdy bén trai la dong ngoé khong mang gen
ZmDREB2A (dong nén), 3 ciy bén phai dong ngd mang gen
ZmDREB2A. Tién hanh khong tudi nudc lién tuc 15 ngay
khi cdy c6 5-7 1a nhim gay han, danh gia biéu hién cay trong
diéu kién han. Sau d6 tudi nudc tro lai trong 7 ngay va danh
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gi4 ty 1¢ cay song, kha ning hdi phyc sau han.

Xac dinh ham lwong Chl: ham lugng Chl dugce xac dinh
theo phuong phap cua Porra (2006) [8]. M4 14 (10 mg) duge
dua vao ong eppendorf. B6 sung 20 ul aceton 80%, nghién
bang chay nhya, sau d6 thém aceton 80% dé dat thé tich 1,5
ml. Ly tdm & 2.000 vong/phut trong 1 phut, thu 1 ml dich
ndi. Po quang phd hip thy & budc séng 646 va 664 nm.
Ham lugng Chl dugc tinh theo cong thiic:

~ Chla (ng/mg) =[12,7 x (A 664) — 2,69 x (A 646)] x h¢
s0 pha loang
_ Chlb (ng/mg) = [22,9 x (A 646) — 4,68 x (A 664)] x hé

sO pha loang

Xac dinh ham luong proline: ham lugng proline dugc
xéc dinh bang phuong phap so mau [9]. M6 14 (50 mg) dugc
nghién trong nito 16ng, bo vao éng eppendorf 2 ml. B6 sung
1,5 ml acid sulfosalicylic 3% (w/v), lic déu, sau d6 ly tam &
7.000 vong/phut trong 20 phiit. Thu 300 pl dich ndi, bd sung
600 pl axit sulfosalicylic 3%.

Thuyc hién phan tmg mau bang cach 1iy 200 pl dich trong
cho vao dng eppendorf, bd sung 200 pl axit axetic va 200
ul dung dich ninhydrin (0,1 g ninhydrin + 2,4 ml axit axetic
+ 1,6 ml acid phosphoric 6M),  phan tng ¢ 100°C trong
1 gid, sau d6 ding phan tng. B6 sung 400 pl toluence vao
hdn hop phan tng, lic déu, thu 200 pl dich noi. Tiép tuc bd
sung 800 ul toluence va do quang phd & bude song 520 nm.
Xay dung dudng chuan dé tinh ham luong proline.

Xac dinh ham lwong NSC: ham lugng NSC dugc xac
dinh theo phuong phéap cuia Ohnishi va Horie (1999) [10].
Mau 14 (0,5 g) dugc nghién nho, cho vao dng falcon 50 ml,
thém 30 ml nudc cat rdi dun & 100°C trong 60 phut. Sau khi
ong ngudi, bd sung 20 ml Sodium phosphate-phosphoric
acid buffer (pH 7,4). Lic & 200 vong/phut, nhiét d6 40°C
trong 24h. Loc mau bang gidy loc rdi 1am khé phan cin thu
duoc ¢ 135°C trong 4h. Can lugng mau con lai va tinh ham
luong NSC theo cong thuc:

NSC (%) = (Khéi lwong maw/Khéi lugng miu sau siy)/
Khoi lwong mau x 100

Xir Iy s6 liéu: sb litu duoc xir Iy bang chuong trinh
IRRISTAT 5.0 va Microsoft Excel 2013.

£ 2 ~ 2 ~
Ket qua va thao luan

Hinh thdi va kha nang phuc héi ciia cdc dong ngé mang
gen ZmDREB2A trong diéu kién han

Giai doan trudc khi xu 1y han nhan tao, cac dong ngd
déu phat trién binh thuong (hinh 1A va 2A). Pén giai doan
gy han, cac dong ngd thi nghiém co biéu hién cudn 14 &
muc do khac nhau, sinh truong cham lai so véi ddi chung
duogc tudi nuée diy da (hinh 1B va 2B). Sau 15 ngay giy
han, cay ng6 bi han xuat hién 14 chét kho & t?mg 14 dudi va
dinh 14.
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A: chwa xir Iy han B: da xir Iy han

C: sau khi phuc hi

Hinh 1. Hinh th4i cic dong ngo K3 chuyen gen va dong nén trong giai doan gy han.
Ghi chtt: 3 ciy bén tri: dong chuyén gen; 3 cdy bén phai: dong nén; cong thirc 1: tudi nude day du (CT1); cong thirc 2: gdy han va phuc hdi (CT2); K3: dong

nén; K3-CG: dong K3 mang gen ZmDREB2A.

KICG| K7

cn | cn

A: chua xir ly han B: da xir Iy han

C: sau khi phuc hdi

Hinh 2. Hinh thii cac dong ngé K7 chuyén gen va dong nén trong giai doan giy han.

Két thuc giai doan gy han va tudi nude tré lai, dong
ngd K3-CG va K7-CG mang gen ZmDREB2A c6 biéu hién
phuc hdi sinh truéng nhanh hon dong nén, thé hién qua hinh
thai va ty 18 cdy séng cao hon (hinh 1C va 2C). Ty 18 séng

clia cay K3-CG co gen ZmDREB2A (66,6%) cao gip 2,5
14n so v6i dong nén K3 (26,6%). Cac cay K7-CG mang gen
ZmDREB2A ¢6 ty 1& sdng cao hon 2,6 1an so v&i dong nén
(hinh 3).
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Hinh 3. Ty 1¢ ciy séng ciia cac dong ngd K3, K7 - mang gen
ZmDREB2A va cac dong nén twong tng sau khi két thuc giai doan
han va dwgc tuéi phuc hoi.

Dic diém thin ld va ré ciia cic dong ngé mang gen
ZmDREB2A trong diéu kién han

Trong diéu kién tudi nude du, cac cay ngd cung nguon
sinh trudng, phat trién dong déu ve than 14 va ré, khong c6
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khéc biét mang ¥ nghia thong ké giita dong K3 va K3-CG
hodc gitra dong K7 va K7-CG. O diéu kién han nhan tao,
cac dong ngd chuyén gen ZmDREB2A cb chiéu dai, khéi
luong cua than 14 va ré, thé tich ré cao hon so voi dong nén
(bang 2). Trong d6, kha ning phat trién bo ré trong diéu kién
han 14 mét dic diém quan trong gitp thyuc vét chdng chiu
stress han. Do d6, day 1a mét tiéu chi quan trong trong chon
gidng chiu han. O diéu kién han, chiéu dai r& cua d(‘)ng K3-
CG glam 11,21% so voi khong gay han, con dong nén (K3)
glam dén 30,69%. Tuong tu, dong K7-CG gip han <6 chiéu
dai ré giam 9,92% so voi khong gay han. Dong nén tuong
tmg (K7) c6 ty 1¢ giam chiéu dai ré 1én t&i 25,74%. Qua két
Bing 2. Dic diém thﬁn‘ 14 va ré tu"o’i cia cac dong ngd mang gen
ZmDREB2A va dong nén trong dieu kién han nhén tao.

Chibu i thdnld ~ Chitu dairf Khi lgng thin Thétch ré

(o) () tmig K lomgretwi(g)
Tk Tk Tk Tk Tk
Ding giim giim gim gidm giim
Khing o vdi Khing 5o vii Khing 5o vii Khing o vii Khing 5o véi
B pe by F b b e b T ok by T e by
han han han han han

(%) (%) (%) (%) %)
K3y 57 o728 2898 1608 B0 308 397 18T 6655 194 831 100 452 7165
KRCG 835 715 2507 2060 B 120 3% 1076 o431 0% 1% 60 191 4% M
KT 567 78 22 1950 2626 254 306 IL9T M 034 1% 8265 L3 464 7565
K-CG 602 768 2161 2360 2620 992 416 1096 6204 08 196 4 200 465 5505

=
=

42 57 28 1 09
L8, 1% 092 0,168 0,02 0,013
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qua ¢ bang 2 cho théy, & tat ca cac chi ti€u danh gia (chléu
dai than 14, chleu dai ré, khéi lugng ré tuoi, thé tich ré tuoi)
ctia cac dong nén co ty 1¢ giita gdy han va khong gy han
cao hon ¢ dong chuyen gen tuong tmg, diéu d6 ching to cac
dong chuyen gen c6 kha ning sinh truéng va phat trién hon
céc dong nén trong diéu kién han.

Danh gia cac dic diém hinh thai giita hai dong ngd mang
gen ZmDREB2A cho thiy, dong K7-CG c6 kha nang sinh
truong, phat trién va chiu han cao hon dong K3-CG. O didu
kién han, dong K7-CG c¢6 chiéu dai r& 16n nhét trong cac
dong ngd thi nghiém (23,6 cm), cao hon 14,5% so voi dong
K3-CG. Bén canh do, chiéu dai than 14 cua dong K7-CG
(60,2 cm) 16n hon 12,5% so voi chiéu dai than 14 cia dong
K3-CG (53,5 cm).

Kha ning tich Iy sinh khéi cua cac cay chuyen gen
ZmDREB2A cao hon so v6i cdy khong chuyen gen, thé hién
qua khéi luong than 14 va ré kho (bang 3). 6] dleq kién han
nhan tao, dong K3-CG va K7-CG ¢6 tong sinh khoi kho cao
hon 50 v6i dong nén tuong ung 2,48‘V2‘1 2,2 lan. Cac dong
ngd nén K3, K7 ¢6 ty 1€ giam manh vé khoi luong than kho
(87,15-89,5%), ré kho (83,33-76 ,27%), trong khi cac dong
chuyén gen tuong tng ty 18 nay thap hon rd rét.

Bang 3. Khi lwong thén, ré khé, téng sinh khoi kho ciia cac dong
ngd mang gen ZmDREB2A va dong nén trong diéu kién han nhan
tao.

Khoi lrgng thén kh (g) Khoi lgng ré kho (g) Tong sinh khii kho (g)

Dong Khing sTj :i"lgiém Khéng sTt')l; ‘{i}é’i‘im Khing sTf iitgiﬁm

Han han khéng han Han han khdng han Han han khéng han
(%) (%) (%)

K3 059 5,62 89,50 0,09 0,54 8333 0,68 6,16 88,96

K3-CG 153 563 72,82 0,16 0,55 7091 1,69 6,18 72,65

K7 0,74 576 87,15 0,14 059 76,27 088 635 86,14

K7-CG 172 577 70,19 022 06 63,33 194 637 69,54

s 08 47 1

Isp,. 0019 0,012 0,028

Ddnh gid mét sé chi tiéu sinh héa ciia cdc dong ngé
chuyén gen ZmDREB2A trong diéu kién han nhén tao

Ham luong Chl cua cac dong ngd trong didu kién han
giam manh so véi diéu kién binh thudng (hinh 4). Khi tu6i
da nudc, ham Iugng Chl a khong c6 khac biét mang y nghia
thong ké giira cay chuyén gen ZmDREB2A va cay khong
chuyén gen. Ham lugng Chl a ¢ cdc dong ngd nam trong
khoang 27-30 pg/mg & diéu kién binh thuong. Truong hop
gap stress han, ham lugng Chl a & dong K3, K3-CG dat lan
luot 11,6 va 14,4 ug/mg, twong tng voi muc giam 58 va
48% so voi didu kién khong han. Dong K7, K7-CG c6 ham
luong Chl a 1a 14,6 va 18,3 pg/mg, tuong Gng giam 51 va
40% so voi didu kién tudi ddy du.
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Hinh 4. Ham lwgng Chl a va b ciia cic dong ngd chuyén gen
ZmDREB2A va dong nén.

Véi vai tro 1 nhém sic td phy, ham luong Chl b thap
hon so voi Chl a. Ham lugng Chl b & cac dong chuyén gen
va dong nén tuong dwong nhau khi duoc tudi day du. Dudi
diéu kién han, ham lugng Chl b & mau K3 va K3-CG giam
xudng con 2,1 va 2,6 ug/mg, trong khi & K7 va K7-CG la
2,78 va 3,09 ug/mg.

Téc dong cua han lam gidm manh ham lugng Chl khong
chi & ngd ma con ¢ nhiéu loai cay khac nhau [11, 12]. Tuy
nhién, cac cdy chuyén gen ZmDREB2A4 (K3-CG, K7-CG)
duy tri dugc ham lugng Chl a va b cao hon so véi cay khong
chuyén gen khoang 10%.

Mot trong nhitng co ché lién quan dén kha nang chiu han
cua cay tréng la su tich liy cac chat hoa tan nhu proline.
Proline 14 axit amin giup diéu hoa ap suit tham thau té bao,
dugc ting cuong tich liy khi thuc vat gap diéu kién bat
thuan nhu han [13].

Ham luong proline ty do ¢ dong ng6 dat muc 2 pg/mg
trong diéu kién binh thuong va ting manh trong diéu kién
han (hinh 5). Dudi tac dong cia han, ham lugng proline tu
do trong dong ngd K3, K3-CG ting lan luot 2,5 1an va 4 lan
so v6i diéu kién binh thuong, dat mirc 0,49 va 0,81 ug/mg.
Dong K7 va K7-CG géap han c6 ham lugng proline 1a 0,71
va 0,92 pg/mg, twong tmg gip 3,55 va 4,5 1an so véi didu
kién khong han. Su gia tang ham luong proline ty do 1a mot
dap tmg voi diéu kién han xay ra & ca cdy chuyén gen va
khong chuyén gen. So sanh giita cac dong thi nghiém, cac
dong chuyén gen ZmDREB2A tong hop lugng proline tu do
nhiéu hon so v&i dong nén.
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Hinh 5. Ham lwgng proline ciia cic dong ngé chuyén gen
ZmDREB2A va dong nén.

Két qué trén tu(mg déng v6i cac nghién ctru trén thé gidi
vé han & cdy ngd. Jain va cs (2010) [14] da st dung sorbitol
dé gay han nhan tao in vitro, cho thay tuong quan tuyén
tinh giita ndng do sorbitol trong moi trudng va ham lugng
proline ¢ 14 ngd. Nghién ctru cia Efeoglu va cs (2009) [15]
trén 3 giéng ngd Doge, Luce, Vero ciing cho thy, ham
luong proline ting 1én dang ké khi giy han nhan tao bang
cach khong tudi nude trong 12 ngay.
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Hinh 6. Ham lugng NSC ciia cic dong ngd chuyén gen ZmDREB2A
va dong nén.

Bén canh proline, ham lugng cac dang NSC ciing thuong
gia tang khi thuc vat gap stress han, voi vai tro diéu hoa ap
sudt tham thau. O diéu kién tuéi nuéc day du, ham lugng
NSC & dong chuyén gen ZmDREB2A va dong nén tuong
duong nhau. Khi gép han, dong K3-CG c6 ham lugng NSC
1an luot dat 6,76 ug/mg, cao hon 28% so véi dong K3 (5,27
ng/mg). Ham lwong NSC trong diéu kién han ¢ dong K7-
CG 1a 7,55 pg/mg, cao hon 35% so voi dong K7 (5,6 pg/
mg) (hinh 6).

Nhu véy, khi gip stress han, cac dong ngéd chuyén gen
ZmDREB2A4 (K3-CG, K7-CG) c6 ham lugng Chl, proline
va NSC cao hon dong nén (K3, K7). Giita hai dong chuyén
gen, céc chi s6 nay & dong K7-CG cao hon so véi dong K3-
CG. Két qua phan tich sinh hoa phu hop v6i nhitng danh gia
ve dac diém hinh thai cua cdc dong ng6 tham gia thi nghiém.

Keét luan

Nghién ctru da danh gia dugc kha nang chiu han cua
dong ngdé K3-CG, K7-CG mang gen ZmDREB2A4 cung
dong nén tuong tmg (K3, K7) & giai doan cy con. Két qua
cho thdy, cic dong ngd chuyén gen ZmDREB2A c6 ty 1€
sdng cao hon khoang 2,5 1an so voi dong nén. Céc dic diém
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hinh thai va sinh héa lién quan dén kha ndng chiu han ¢
dong chuyén gen (K3-CG, K7-CG) bleu hién tot hon dong
nén (K3 K7). Do do, day la nhung ngudn vt liéu tiém ning
cho cong tac chon tao giong ngd chiu han.

Pé nghi tié'p7 tuc danh gid kha nang chiu han cta cac
dong ngd chuyén gen ZmDREB2A & cac giai doan sinh
truong khac (trudc va sau tro).

TAI LIEU THAM KHAO

[1] E.A. Bray, J. Bailey-Serres, E. Weretilnyk (2000), Responses to
abiotic stresses, in Biochemistry and molecular biology of plants, American
Society of Plant Biologists.

[2] C. Lata, M. Prasad (2011), “Role of DREBSs in regulation of abiotic
stress responses in plants”, Journal of Experimental Botany, 62(14), pp.4731-
4748.

[3] F. Qin, et al. (2007), “Regulation and functional analysis of
ZmDREB?2A in response to drought and heat stresses in Zea mays L.”, The
Plant Journal, 50(1), pp.54-69.

[4] M. Kasuga, et al. (2004), “A combination of the Arabidopsis
DREBIA gene and stress-inducible rd29A promoter improved drought- and
low-temperature stress tolerance in tobacco by gene transfer”, Plant and Cell
Physiology, 45(3), pp.346-350.

[5] S.J. Oh, et al. (2005), “Arabidopsis CBF3/DREBIA and ABF3 in
transgenic rice increased tolerance to abiotic stress without stunting growth”,
Plant Physiology, 138(1), pp.341-351.

[6] Y.G. Shen, et al. (2003), “An EREBP/AP2-type protein in Triticum
aestivum was a DRE-binding transcription factor induced by cold, dehydration
and ABA stress”, Theoretical and Applied Genetics, 106(5), pp.923-930.

[7] R.G. Camacho, D.F. Caraballo (1994), “Evaluation of morphological
characteristics in Venezuelan maize (Zea mays L.) genotypes under drought
stress”, Scientia Agricola, 51(3), pp.453-458.

[8] R.J. Porra (2006), “Spectrometric assays for plant, algal and bacterial
chlorophyll”, Advances in Photosynthesis and Respiration, 25, pp.95-107.

[9] L. Bates, R. Waldren, I. Teare (1973), “Rapid determination of free
proline for water-stress studies”, Plant and Soil, 39(1), pp.205-207.

[10] M. Ohnishi, T. Horie (1999), “A proxy analysis on nonstructural
carbohydrate in rice [Oryza sativa] plant by using the gravimetric method”,
Japanese Journal of Crop Science (Japan).

[11] A. Mafakheri, et al. (2010), “Effect of drought stress on yield, proline
and chlorophyll contents in three chickpea cultivars”, Australian Journal of
Crop Science, 4(8), pp.580-585.

[12] P. Manivannan, et al. (2007), “Growth, biochemical modifications
and proline metabolism in Helianthus annuus L. as induced by drought
stress”, Colloids and Surfaces B: Biointerfaces, 59(2), pp.141-149.

[13] M.M.E. Mansour (2000), “Nitrogen containing compounds and
adaptation of plants to salinity stress”, Biologia Plantarum, 43(4), pp.491-
500.

[14] M. Jain, S. Tiwary, R. Gadre (2010), “Sorbitol-induced changes in
various growth and biochemical parameters in maizel”, Plant Soil Enviroment,
56, pp.263-267.

[15] B. Efeoglu, et al. (2009), “Physiological responses of three maize
cultivars to drought stress and recovery”, South African Journal of Botany,
75(1), pp.34-42.



