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Effect of Water Logging and Drainage on Growth and Physiological Properties of Zelkova serrata
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(1. College of Forest and Biotechnology, Zhejiang A & F University, Hangzhou 311300, China;

2. Zhejiang Academy of Forestry, Hangzhou 310023, China )

Abstract: Experiments were conducted on water logging on 2-year container Zelkova serrata seedlings during August 1% of 205 and September 4",
Seedlings were treated by root flooding ( RF ) , semi-submerged flooding ( SF ) and almost total flooding ( AF ) , control (normal treatment) and after
drainage. Determinations were implemented on growth and physiological properties at different stage of treatment. The results showed that seedlings
treated by water logging had leaves fallen, but survived. Height and ground diameter growth of seedlings treated by water logging was smaller than
the control, and chlorophyll content as well. The activity of superoxide dismutase( SOD )and peroxidase( POD )in leaves of seedlings treated by water
logging decreased at first and then increased. The content of malondialdehyde ( MDA ) had an opposite trend. The content of soluble sugar and protein
showed a trend of decreasing. Physiological properties of seedling 14 days after drainage had negative effect on water logging, it concluded that Z.
serrata seedlings had recovery capability under mild and moderate water logging.
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WL SRHERER E B A=A BB Fugm™Y, -SRI, (e RS2, iR TR

EREAAS, MR o AR AR, BRI RS B AORURDL, eAh, IR R E
— G R A R N B K, b 4T Ammopiptanthus mongolicus'®, #H:ES4L111%% Camellia azalea Weil %5,
W, KA IE AT RE R SN R K T E 22—

PR Zelkova serrata JEHiF} Ulmaceae PERIJE Zelkova 5 KFvAR, R “RE MR EPEAEY), T2 10
FEFRIRE Z208 ST LIRS, KIT P TR EAER . VRS A X, W E7 X2 —. B B R i 25
WMEANED, BWTATR PR, MIESRFZ —. BAT, ER TR KRS e, #oaR
U R . WA, BRI B B FURIASEAR PR AR ) S SRR E A T TSR, RS2
T R I FHELFISZ G T840, ARSI RN /K RE S5 o ANRIeidid N TR SR,
WEAS K MR TR S 4R 5 8 B LRl (SOD) ik . iUk (POD ) iRl
W EE (MDA) & WIEPERERT R A &8, BERE /KT B R 15 T AL LUK i EREE
B REAILTE] ,  hd  RERIARERIRE AR A vh /K 53 BEBOR AL AR Tl A= A5 v P R e P A — i B e
Al .

1 MRS *

1.1 RIE R

SEI I S AT T A MO REAIF R B 2 M, HiAk 1189217 ~ 120°30" E, 29°11" ~ 30°33' N, %X & HLAIHY
MG XN S e, AP 15.3 ~ 18.5T, BARHRIRL 2.7 ~ 7.9C, &\ H X 27.0 ~ 29.5C,
= 10T 4 800 ~ 5 800°C, JCFEHH 225 ~ 280 d; 4FFE/KE 1000 ~2 000 mm, LIEW. #H. GXHAE,
7~8 HERE.
1.2 It

SEESAEL A 2015 AE TN LA @R T RO U O RE RIS B 2 AR S SRR OB RN m I 15 em),
R RRBAER BARVER RIS G, PR ERMAR S 34 (45.29£3.69) cm fil (0.82+0.66) cm. WKHE
4 ANAEBE, S RAIER . RREMNE . P EEME R E R ME, BIMER (CK) . AR (RF) | 2P (SF) A2
(AF) . BAMCHES 5K, B S #ko HARGBRESL: 2RBaEEaRk H , K3 CMBEERSM ) N 81 cm x 70 cm
x 65 cm HYSPRIE H EF /K AR . FZE M T IE KBRS & &) A=) ZD-1608 437K 73 & RS f4HF CK
N IS KBRATE 75% ~ 80%; RF, THERIHIBK, KO 1 cm; SF, fEMEHL > —F/KiE; AF,
PRI R /K20 3 eme Z G BRIAFKNL, B0 3 d 24 TH0K, fRIEKATE. H%Pémﬂ’a%#rﬂﬁ%ﬁﬁ%
Hh 7 d, MRS R EIRSEY) S0%H, SRS . MBI 2016 4E 8 H 1 HHFGS, 9 H 4 HEEW,
Wik 35 d. SEERZERET, BRI 9 H 5 HE Y NIRRT BRI THESS, 200 13 E /K EiRF) CK 7J<$Uﬁz
JakSiFE, 14d)J5 (R14d) , BIF 9 H 18 HMERMRS T ARTEbR . S /KAFERHEDT K E SEI0 00 RAEYY
R EHT, BEHRER B PR R AF . RANS—B)SE R 3 ~4 |, HESRKIEBEH F &5, B
FAFABAKIYE 2 ~ 3 IRJE, BEERTEKS, RAREMN FE ARl e, HE 3K,
1.3 MERABSHE

ToKIEPHEFGERTRHED; 14 d J52 5 &0 T rE EAmAs . S RIER S, FHE 0.1 cm;
AR RAES T L0 1 om ZbDEIAR, KEEEE) 0.01 mm. EREMN, 403 5 kRER

AEOU AR i = HES SIS — JpME A & (e

AR = (A KRR EE ) x 100%

W5 - T AEFRFERRIST , 9B 0.1 g FE . S 30 5 I SR B ERR IR IR E 5 8 A b fk ( SOD)
AR RE MR S E ; PSR (MDA ) SR RHBURE L ZIENE ; vistEEA S & RHE DR

wikmE"; Akl (POD ) JHMESHTERHE R A fIARE R 2!,
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APERE SR (pmol-g) = HITETEBEREE x VI(FW x 10%) (V: $RBGAEMARL, mL; FW: FEREERE, o)

B PEREAE ((wmol-g ') =11.71A45", HiH Ayso %E J7751H] MDA BOINRE . WRGAEIN E 4R H UV-4802S
WAL ST WA HESERE T
1.4 BIRAIE

B3 S04 B Excel 2016 $EF7368,  H Origin Pro 8.5 #AFVEIE, F SPSS 22.0 B HE T B 5 04T
VIR AR 347, FFH Duncan 72 EHAEL

2 GRG0

2.1 KEMMBXTHERE S MR A
B 1 o, KiEPME R E G, BEEKEPHMETEEEREM, PR K22 T B MHIfE R, 3
AN KA B AR HE K B B3R T CK (P<0.05) , RF, SF, AF 435t CK FFT 63.38%, 70.0%,
84.93%. PERTL BT HIARAH GG B A R S ] B A B A (b A AL, FRRIREER/DN . =AKEEAL
TR KR, DWRERIEE S5 CK TR 13.73%, 37.25%, 53.92%. BILIA B AF HSTEFRHD
TREREERR, HANT 4 AAEERARK T
F | REPKELEIENES, BEE KNEMT

Table 1 Effect of different treatments of water logging on height and ground diameter growth of Z. serrata seedlings

Joipie b3 T VA S B /em T AR R % HARA K /mm HARA N HEH %
CK 7.10+1.56a 8.38 1.02+0.24a 12.67
RF 2.60+0.26b 3.05 0.88:0.33ab 9.94
SF 2.13+0.29b 2.56 0.640.13ab 8.18
AF 1.07+0.21b 1.26 0.47+0.11b 571

T R FREA RN, ART R EERER R (P<0.05) o TH.

2.2 JKEMEXERH A EE S 2SN

& 1 BT, CK AZbBPERIh g i R S 2 n A 60
ALBfE B T B RE K BT RS, K. k2
EEREE, MGWE FFM. RF A5 S22 8 81
SARARALA T, HI R TSRO S E, 7EMMaRTE)
w7 d2JE, BFLT CK (P<0.05) . SF4HM4EE
EHAARIEOLE] RF AR, (HEMRES B HY4ERE
T CK #IiEF RF B/KF. AF HEFPERIH HH st E &
BT CK, HHEE BN EEZ 2500 i
#. Rl14 d J5, SOH TR 2R S 205t ool | I |
30 d BEFFET 20.50%, 38.54%, 38.66%, 59.28%. LA, oo e
3 LHAKHEMME AL F R4 36 i BT T CK(P<0.05), bRy
Yot AF ARG S T 4 AU, R ER R s e

Figure 1 Effect of water logging on chlorophyll content in

2.3 KEMBEXHERME 2 fhEERE LEEE M

Rt R B T B FE S, ANELEEE TR - SOD
TR AR LA (K 2A) o CK 4HAY SOD & 1EAE 28 d Aikl4h A K mid i T, 7F 28 d B FREEH/h
B, ko dFEIRT 41.32%, mifEHFaGEF, = 35 d BEEGEERER 0 d BH/KF. BEENMBFREERD IR, 3 4K
AT SOD {E TR THREASALIREE R, YWEEARKATHIAK TR, XAE 21 dAE EF, 5 CK ML, B
FEEb s 25 3 ZH/KHAREEPY SOD BTG PRI AR L A& A ANE], WME % 35 d I, RF I AF ZHAORETE V2 AL

ek ke A s W A

HEESR (mgg!)

leaves of Z. serrata seedlings
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0dFHE T 32.64%, 39.27%, i SF AHHIEHGETETE 9.76%. Bk F, 3 /KA TR F SOD JiftEAE
a e — B E B S T CK AR (P<0.05) , Hi, AF ARBEE AL TR )R mE K. £ R14
d i}, AP TR - SOD Tl 15 0 d AR FHRRIREEAS K, Horbr, AF ZHAOBEEE B, AR FRE . e,
HA AF AREEHEE R S T HAD 3 ZH403KF (P<0.05)
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Figure 2 Effect of water logging on antioxidant enzyme activities in leaves of Z. serrata seedlings

HE 2B v UL, REEMMAE IR, SRR T RERZN I i POD JE TR AS AL SR E 34 AT G R
s, HITEMMAE S 28 d BHARIHNEAM, Rk 0 d 385 T 0.59, 1.17, 1.14, 1.34 1%, {HKMEHA)SER 3
ZH/KVEALFE T POD BEE B FHREIR = T AR 520, RF Al SF ZHAORERPETE 28 d ZRiT— HAL THARAIKF,
1 28 d BYAEEPE S F AT CK 4 (P<0.05) ; AF 411 POD EEEMEAEMNARTEE 7 d 25, —H
YR BT CK ARYKT-. &35 di, 4 4403 Tk A POD HORETE M 1A RIEE TR, (HIRIHE T 0 d,
ST T 15.01%, 39.25%, 50.03%, 79.67%, AF ZHAEEH R T HABH /K- (P<0.05) . % R14 d A,
CK Fil RF ZHEIREHEMESHIEE 0 d FRET 31.05%, 24.50%, i HAt A H B R IH (R4 i ORGP K T o e,
AF #1) POD BiEE AN T 4 2HARFR a6 B 7K
2.4 KEHEMNHEHMITFA_B S22

HHIE 3 BT 0L, BEEMMNABTTEIARER:, #5403 PRk s ok Cve Ese MEAF
Y MDA & EETHERER A S, H CK
i) MDA & E7E 14 d BB S EFRIHNRRME, i3
/KA T B MDA & 23497F 21 d BHERIER R KT,
HEZFHET CK(P<0.05), 705k 0 d $25 T 1.30,1.70,
1.57 fi%; 2 35d i}, 4 AT MDA SEMRKIKEL 0d
FHET 26.0%, 66.60%, 73.02%, 79.36%. RF 21 MDA
EENTHEIEE/NT CK 41; SF 4 MDA & 21K 5

MDA it/ (pmol-g'>

0 7 14 21 28 35 R14

Pk EWF RF; AF 2189 MDA & R7EEA /KN —H A

PR BB K, FEMN A G I R 2 T A Ak 3 B3 AERh s AT E MDA A8 40 S
(P<0.05) . & R14d B, &/KIEALH TR MDA
S50 dHEEHITHET 16.23%, 17.20%, 19.05%,
17.01%.
2.5 KEIEXHEMIFEE BT YR

B BT T BRI Fy TR & R A B ) R AR B R (8 4A) o CK AN i thEpE & &

Figure 3  Effect of water logging on MDA content in leaves

of Z. serrata seedlings



66 W oAk ok BB 38 %

SR RIEE FREREE, 7E35 dBTEL 0 d BY FRET 55.0%. 3 AN/KISZH P BT HEIE I & B T Sk iRk,
TEWMARTEI S B T, B &8 EFb, PMAZ 35 d BF SUFRE, 400tk 0d FFE T 41.18%, 12.70%, 17.32%.
RF il SF 20N ol st & B Aeba vh G i B2t CK (P<0.05) ;5 AF NS 2IMNTEEA K S i — BT
4 HARR IR B R14 dBF, B CK AMBITEERE S EE20E ETF, o dIE T 36.17%, ikt 3
HAY AR S B BT CK 41 (P<0.05) , HIEAWE % 0 d BH/KEEEIN .

HH & 4B v UL, 403 ol bR A& B IR B AR R, ek EXZh A KA AR TR, FifS
S8 ETb. CK AMTETEE A S RAE 35 d i EASIHNER A, o dET 14.71%, HEEKEE, 48T
FEHSEIRFNCF N RS KCFRI ). RE A1 SF 20, AF HEEASRIE 28 d. 21 d kB, 29tk odm T
36.35%, 42.18%, 13.29%. RF ZHAER A& PRSI BB oA T HAAb B /KHMERT SF ZHNE A S &K
EAR, (HFEE b S EFREEEAc R, JF BT CK 4K (P<0.05) ; AF ZHIEE & B0 FREREEEL
TR, = 35 d BB EIC T HAMAFEN K (P<0.05) , H0d FFET 40.62%. % R14 d B, 3 /KEAFE FagnT
FHEEASEXEEIT CK (P<0.05) , 4r4ltk 0 d FEIKT 62.22%, 53.92%, 67.16%.

4 —
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Figure 4 Effects of flooding stress on osmotic adjusting substances in leaves of Z. serrata seedlings

2.6 TKGEHNE TR & DU BB HE AR A AR K 1
HI3& 2 W[, AOUVERSEPRZ MIASC RS, (HAAE—EBRR . MR E SRS POD ik B IEMHR,
SRS B R BE TR, SAEER SRR E B SOD {&PES POD ik, WIEMEHES EE
W FEIEASE, 5 MDA &8, nEEER SRR EZHIEMK. POD FESIAEER SR EDFEML. H
S R IRPREAHEMEBE T B EREVE, B EEAER 483 . BEE TR MDA
F2 AEKELET MR ERERERRAX TS

Table 2 Analysis of correlation about changes of physiological indexes of Z. serrata under different flooding treatment

E 7N MRS R SOD &M PODVEME MDA &E  WIEMEHESE WIANEASE
RS E 1.000
SOD ik -0.112 1.000
POD i1 0.325* 0.555%* 1.000
MDA & & 0.207 0.426* 0.317 1.000
AR S R -0.379* 0.462%* 0.193 0.078 1.000
nEtEASE 0.481%* 0.347* 0.415% 0.100 0.065 1.000

H: *RINE 0=0.05 KPEREE, “FRTE a=0.01 KFERREE.
3 WwhHEm

TEARTEIREE T, Kiia) i A SRS S B0 A VP2 ) JC AP 4478, e K sz 2 st
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T A A2 BRI ) — BB RE R R IR 2. RS, AL a) A i v A A A X R A0 7
¥l CK>RF>SF>AF. PBEWTE/KTEIREE Pl R “HmaRoRng” 1, Rl i e, mb IR iisst, iem
H B K iR 32

KU R A B AR ) HE IR, BRI AR R N TR B i, iRt B E AR, WA,
e AR TR RS, 3 KM MMA B A TR g S R RUR s HRE, KA
LR ERBVNTHREHIRY, CK AL SBMART TR, TREIEEZR/ A : AF>SF>RF>CK. YA
SRS BIZETTE RN AULEN, SEH SRS BAPT TR 5, FEEMNARERING, KD
ISR PN R) 2 B S ™ E, IR TR R R KR B R B R B A K AR PR Y
P&y 2 TN G b e

SOD Al POD JEAEIR N A A7 75 HAF A e o) PURNG VAU BRA,  TEREY 2 B RManT, nTHRaE
S IR FEF AR MDA &8 ST LU BRI i SR B AR e S AR S R s 55 202 AR
SEE, KIENA S T B IER MDA S8, HAHEDS S EEERE T RSSO SE T, MDA &
TR KRR o SR IZME A A AN RS2 RE 77, ATy eT LOE a2 A EAE R,
BR20HE i 48 B P B R R A R B SR e R ) I 5 5 R PRI E 2

TEYIAEKIEAE T 0] LUGEE Y8 nra BRI AT i B A 0 & BOR ORI S & ) P, LA TR 53
EARIGEN, ARSEg, 3 FUKIEMME AR BRI T BRI rIA R TR A S '], A &
AT B R AR T VAR RPN ZE S, SR T MBS AR R SE i e 17 3 12020 WS e
B RANREAERFE AT A BACHERIN, (HEESREE TR, HhEEK@Nam TREIEER ARt
e 2 A AR RS2 ARER , SR ARGRTR IR, bR T E A KA, (AR A ORI T
PERESE YT, LI BRI AR S A BE . X SRS T A bR S S 45 1 — 2L

L LR, PR 2 SR A AT A A BT PR BEXT K HEME T SR, BIVEAE A T R
T RAEGS RGN . BN AR RSB TTRE S . I SR HEDS IS REEHi, RBUHEGRA
T KHERE 1 5 A RIKERE ST . X —45I8 W ERITEMRE “ARARIL” | “1818 “PIafbsTah” . “TokIR”
HHARE P DA T bt — PR it AR

HO: BT TR X AR R RSB T 45 SRR B WAL s AT AR SO AR LR 32
FrSBLer, LARRIEAE S d AR rp 4R a5 ) .
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