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Effects of drought stress on growth, physiological and biochemical parameters in

fine roots of Quercus variabilis Bl. seedlings

WU Min, ZHANG Wenhui“, ZHOU Jianyun, MA Chuang, HAN Wenjuan
Key Laboratory of Environment and Ecology of Education Ministry in West China, Northwest A & F University, Yangling 712100, China

Abstract: Drought is a major limitation to plant survival and growth, which also has adverse effects on revegetation and
reforestation practice. Quercus variabilis Bl. , a deciduous broad leaf tree, is an important forest species and timber resource ,
and is often used in cork production, tannin extraction, and edible fungi cultivation in China. Especially in semi-arid
regions of Northwestern China, it plays a key role in soil remediation, erosion control, and in the economical and
ecosystemic development. In order to exposit drought adaptive mechanisms of this species seedlings, we investigated the
effects of drought stress on growth, dry mass production, physiological and biochemical responses of thin fine roots (0. 0<D
<0.5mm) and thick fine roots (0.5<D<2mm) of this species seedlings. Three-month-old seedlings were implemented a
potted experiment for 120 days with control, light, moderate and severe drought treatment, respectively, in a temperature-
controlled greenhous. Results showed that: compared to control, the number, root length, surface area, volume, and dry
mass of fine roots increased at light drought stress, whereas these parameters decreased at moderate and severe drought
stress. The number and length of thin fine roots were higher than those of thick fine roots, while the surface area, volume,

and dry mass of thick fine roots were higher than those of thin fine roots. Drought induced a decrease in relative water
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content and vigor of fine roots, as well as a increase in malondialdehyde (MDA ) content( P <0.001). The relative water
content and vigor of thick fine roots were higher than those of thin fine roots, but MDA content of thin fine roots was higher
than that of thick fine roots. Compared to control, both the accumulations of osmolytes (including free proline, soluble sugar
and soluble protein) , and activities of antioxidant enzymes ( including superoxide dismutase (SOD), catalase ( CAT),
peroxidase (POD) and ascorbate peroxidase ( APX)) increased at light drought stress, while the activities of POD and
APX declined at moderate drought stress. The content of soluble protein and activities of CAT, POD and APX all reduced at
severe drought stress. Moreover, accumulations of osmolytes and activities of antioxidant enzymes of thin fine roots were
significant lower than those of thick fine roots under four drought stress treatments. When drought strength exceed moderate
drought stress, the reduction in root growth, dry mass, physiological and biochemical adaptability for Q. wvariabilis Bl.
seedlings started to occur. And thin fine roots with shorter life were more sensitive than thick fine roots. The fact that there
was no serious dehydration of roots and seedlings death even under severe drought treatment, indicates this species has

strong drought tolerance ability and has a great potential for vegetation restoration and reforestation in semiarid regions.

Key Words: drought stress; Quercus variabilis Bl.; fine roots; growth; physiology and biochemistry
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Changes of morpha, relative water content and dry mass in Q. variabilis Bl.seedlings of fine roots under different drought stress
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Fig.3 Changes of free proline, soluble sugar and soluble protein contents in Q. variabilis Bl. seedlings of fine roots under drought stress
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Fig.4 Changes of antioxidant enzymes activities in Q. variabilis Bl. seedlings of fine roots under drought stress (means+S. E., n=3)
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Table 2 Tow-way ANOVA of vigor, MDA, osmolytes, and antioxidant enzymes in Q. variabilis Bl.seedlings of fine roots
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b3 74y
AAEESS 1250.886 ***  0.101ns 0.236ns 0.178ns 6.590 ** 1.042% 0.106" 2.421ns 0.650ns

Treatment X diameter class

ns 6B E M2 (P>0.05)

AbHE AR RS XT AR SOD I M A A

S0 ( P<0. 001, P<0.01) , H = Z [a]ds H A 8] B 11
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LHAEHI(#2,P<0.05) , ALFHALIXT AR CAT Fl
APX T PR A 4 b 2520 (P <0. 001 ) | il B AR 55 2%
DA S A BERN B AR S5 A A8 BRI W3 R %5 CAT
APX {h M= A &5 m (R 2) . AbBR BRI
XF POD I P 7= A= b 3% &2 i ( P<0. 001, P<0.01) ,
B FHZEIIFEAEHBMZLEER (£ 2,P=
0.104) .

3 it 54£iR

TEYIAR 208 25728 A0 02 A 3R A AR A i) S e 3R
G MBS K A S A SR 255 | N 78 A= 3 AR b 45
PRl — 5 A 722 A 2 A A s s ] 1 FH R 40 3
B ARG KB IR T a8 bR T AR
BRA AR 25 e e 28 Ak, AR BRA A R Al T &
A7 A AR SR IR E M 40 A & A6 g oo A Ak AR TG
J1 B EWT ) AR B UL b A A T T AR Ak
A I A SR — B, HiX S8 r 22 L TE
AN AR AR AR 25 5

KEMFERY . BiE K & B a9, Y
AL L AR AT HR R RS AR R IGHC 8 AR &
AR R HC A A 38 v T o 0 R RS 24 A AR ) B
i K R R RAE R GG R R R B
— AR X SR AR A N sl T R, AT T R B R
RARTET R0 T oK AR S ry s ss >, A
TR B T 538 T Bk B BRal v /NI A K
IFARHBR Iy B — A AR T s A o TR a7
JEA O 0B T R R/NIAR (e K R T AR
DA SARR i 38 i EA e 4 T, i v B 0 o R 5
IR TR/ NAIAR AR, XS g s 5 HE
om0 A B A L, B8 B T 5 AT DAARE A R AR AR R 1
R AT EAAALAAR R AR K 1 22 3R T AR R0 Y
TR 22 W SC BB T3 B Ry A ) 3 0 2 A B AR AR /K 3
THFE kG AL 7K 4377 ol (935 R S . Cortina >
WA FLE B K ( Pistacia lentiscus L.) 1F 3% &
JER T 5 a I 2 e 4 AR A4 B SR T A,
Aok AR 25 % 98 1 A HGRE e T R IR R I e

AWFFEMEE BN KN T Bt it )RR R 52 T
L0 AR B S e B T BB E R AR B T BT
YO IR S, P T R T AR T B I R
AT B R T RN S O ) B E Y
R, P RESE Hh B AN B T SR AR 1 B2 AR 4O

BB 5 B BE ST R T AR 2R 4 L0l 2D | e 28 B0 AR
TR W A%, Ogbonnaya L2 pp gy 2k Bl
TIESE MR (14 A AR T M 138 43 K AR 5 4 it
N FET RSN, PR A=A BT BT 80n
R R (14 Bl /K Ak B 0 Jt e, DT BR 1) T AR 1 4
R R,

FEWIAE T 2 1 5 W30 i, 40 i & A i AR AR
FHM 52 B 4545, MDA J2&: JIg Bk S/ A B T 7= 2
— RGN RE R A S A AR Y L IR RIS
FES W R R 0 5 K 2 B W) R DA T X
MY AR & ERREEERS AR5 T, T
LA R NG, KNI B MDA o 3
i, LA R/ INAAR TG ) 5L 0 3 R I, ] T S el e B
BRAIT A A B et Ak o 6 38 AN ) R 4
I SEEIE 1R, X AIAR WK B8 T 77 A S TR R B A
T, SR EE A T MDA & s 3,
TG 77 B b, S EUAmAR A K & & s diie | ngh
MR ECR KR T4 5 A e/, 3% W B o

SO T AR X B 5 KAy B ICRE T, OF S
R L, B E RE T T R, Q0GR B g TE 1 |
AR O R R I, e 2Ok S BUANAR &k
EY A

TR F Y4 R R BB Y
T, G S A AR | T Ve R A A v A KR
B R AN B TR R R, AT 4 5 40 B 1 B LR R
A St B K, O T A A g s A T
ST o T AN I B Y S e G Y =
Sttt H 7R R T i R AR T
WA APE S S BT RE R RS 2 ARBFAE R
TR T R B BRI R/ IN AR A i e R ]
Tt EAR B E S T R, R T R TR
B BRI (0 2R T A3 e R R0 s A R D ] v
TR AR 2R A IR K B 7, 38800 240 L £ 98 125 R 1Y
F1, AT FE K K B R B A [ B R I B B
T AR I W A TR A X R AR
HTET RIS R —Fp Oy N, BRIB &Y
YERASD, Ui 2 I 20 18 HL AT B 1k 28 1 53 285 44 =2 3 i
WU B E MR EE S5 im MER ThREDY . 24 B R4l
B AIAR 27 B 6 B S s s, R TR 2 U S
R ERRREE FRAE TEMNEARE MR
Ak AR 37 i 3% E (SOD . CAT. POD F1 APX) . Liu
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8ot 3 1 VG T S T e b g A B R ) R R R
4 FhTE A A0 52 0 K BRI 25 I R o i A
SOD ,CAT, POD I P £7 7 1 35 TE ARG HM: , i B 1
SEIPN A T R A P9 R 1 AR SR B TR Ak B A Ak
MR, AN, AR R EEETEMET,
¥ MR B IO NIRRT A B L S >, —
T AT 62 PR T 2R R0 PR T e, A K A e, B
fiff S B PR B I R S At B A A Y D BB A 2
FEPR 5 55— 7 T AT e i T 40 A AR R R T AR
M55 T DNA A5 il R, 400 i 2 11 o A% R
B4 RERE e Es Y RS Ik AR N B
FT & B RE 108055 v] RE R s i T 2 kil M AR
TR, AR 10, KR AT X — B
TEE T AE RN = A R T A, TR
i it Ak, T U R Go 2 B IR Y L R IR
FEPUELB A &, o SOD CAT, POD Fl1 APX
SETE LAY E LB, T DL bR A R 7 A 1
S, TR A Ak 2R G0 1Y B 18 i ) A8 AR B T 3 L
TR A% LG P 98 6 TR FH AR 25 31550 ARG A .
FET R MNE T A8 BRI 4R SOD JEPETH =, W
SOD X 15 36 fz 1 B #508%, % O 1 8 Ak g g 34
SR, 05 SR I 2 i B e g A R A I 1 AR
Oy F, S5 & A A AR I JROIR B B AR A £ Y
SOD ¥4 il % B S8 AL B R 58 T K - KPR IF IR, 7675
PRIGPEE T A A O ME L, BT LUK O ik
H,0, (B4R H,0,7 @1 CAT . POD APX %5 H:
e S AR B BT, AR AT L R . A R T
T, 4048 CAT . POD il APX I PR XA 584 i 5 v 32 iy
T POD 1 APX Y TEPETF4h H BT B 1 72 1 T
B8, CAT . POD F1 APX B3 PE 2 Y 30 A ] 72
JER B, e BB T 5218 A5 5 1 i, 40 i 4
ARE 1B IR 55 | FEE AR o 480 A 4 5 AR B, AR
Rk, FBOLARK R TS, 0T 5 135 1 78 )
A RS
AN) ELAR AR 37 A HEPA S 22 3R (0% Wi oy 2 B A A
S, 2% S PR B AR R Y A R 0 1)
B2 BT AE B MR /NAAR (0. 0<D <0.5 mm) FIK
AR (0.5<D <2.0mm ) X 52 Blpa6 1 137 44 43 B 22 1A
TEAS TR A PREE T R AR S PR RR R = 1 T 9
i AR A 2 AR R, S BOR N AR K BB )

FK A RCR g 5, DT R AR AR T8 i 1)
FEGE B 7K BT S AR A 35 1, AR ol 4k
FEEEDY ) SORANARAR EL , /NAR B R AR  2 HAR Y
BBV RE A A A B R M, ELNARAR Y
S TS AR, R /NIAR X R IR AR fk
TR, AW ST 0 e IR # B ARSI () /N AR — i
B F 192 B, B RAMR T, B Z R %
PR AR R — TR R R K R R R
DL SRS B AR R AE L3 rh o 4l 08 2 1 25 (Rl &
HE AR Z 000 ] K 3 WO RE T 5 55— T L BAT
RIRI) 2 JAHRE L AL B HA T R N R IR A
TR B W A R T FE - B 2 Y 3R 4y UK 4), FF A
B MR i, %t A 398 B 5% 78 b B R T R
Hishi*' A1 2Bt 25 Wiy a0 A 18] A0 SiE K, 1 AR 45 g5
PEF R B R T 2 BAR, I 1 SR P AL
R 2 BARD BB ., A B A AR A 1 T
REMEtL T &,

ZEA AT B, TS A0 i R X 2 A AR AL R Bk
L R/NAAR I AR K T B i ) BRI AR B AR fE
SRR T s, LG /N AR A 52 ) B
=, BEWE(FESAKE21] £ 0.6)%) SRR
HR/NRAERK KT, $E5 TIRR B S A
FALRE D) RS TE T I (IS KR (14.6£1.
2) %) T AIAR AT DARIIER 5 175 i 8 1 VR (H G
S PUEALEE R S ME (40 POD APX) E &R K ETF
Wi, &M S HHAERK TYRERBRIFGHRET
R 5 T EE R T (UK R (6.8+0.7) % ) F EE i
THMRMAER TR AT & i CAT,
POD F1 APX (W, S BOH 4Rt MDA & &35
e IE N B R, SR, FE 5 R 8 45 T 4))
HIIERIET, H R /INAAR AT LA 3 2o AR 2R i 285 il 2 1R
FRTRT VP 1T R 200 T ) T2 7K R T 8 R/ N AR A
S KR HAET 79% M 67% . 33X a4 e 1k 24
AR A LA R Y T R IE VY AR T a8 A AR B
TR AEETRXIBAAES RE MK E Hd S
TR, W, AARER T R i dE D, R
SRTHT R = AN B AT B U PR 52 2 B 40 1 A7
o NAXFLT 5 & AR AV S AR
LR, e B2 AR R T M 3 o R A2 U B
BN P E S0 T R T A A BORE
(A 5 I LT 52 5 2 X A i AR D T W % 1 IR
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