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FIE SRR LY B R AR AT TGS . S5R20. (1) MK 166—169 m MR B /3 BERR B S 24 6k v 3 Tal B0k 3y
[R5 I B o BERR B N R K SRR AR BRI TR 169—172 m AN 172—175 m, 1K 166—169 m 5 HE R
PR X B A B 22 53 .38 (P<0.05) 5 (2) K 166—169 m FHRF MR R B /b (R R KRR ; (3) K 166—169 m &
A AR AR 2, B 51K 172—175 m AR 169—172 m 255 5.3 (P<0.05) ; (4) AN [AHE 4R X Be A 7 1 S AE M i ok
INFI RIS 172—175 m>IR 169—172 m>H 166—169 m, HIEH 166—169 m Si4 172—175 m 27 W&, Gk 166—
169 m Ay T A=t/ b A Wy i DL R 25 A Wit/ W AR 0 ) LB IR/ N 5 (5) AR Bt 1 38 43 (I (SR 28 A 2526 W o DL B b T 3
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Abstract; Vetiveria zizanioides (hereafter vetiver) is one of the few species that survived in the water-level fluctuation zone
of the Three Gorges Reservoir. Although the introduction, cultivation, and research of vetiver in China has a history of

decades, little is known about the adaptive strategies of vetiver that under the conditions of long-term flooding and drying
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periodic changes. Therefore, the plasticity in phenotype and biomass allocation of vetiver planted in altitude zones of 166—
169 m, 169—172 m and 172—175 m above sea level in the water-level fluctuation zone of the Wushan section of the Three
Gorges Reservoir in 2008 were studied in 2016. The results showed that; (1) the morphological traits (e.g., number of
tillers, average plant height, number of internodes, length of internodes, number of leaves per tiller, number of leaves per
bush and length of leaves) of vetiver in altitude zone of 166—169 m were all lower than those in altitude zones of 172—
175 m and 169—172 m. The number of internodes in altitude zone of 166—169 m was significantly different ( P<0.05)
from those in other two altitude zones (169—172 m and 172—175 m). (2) Compared with other two altitude zones, the
number of roots in altitude zone of 166—169 m was the least while the length of roots was the longest. (3) The number of
tillers without internodes in altitude zone of 166—169 m was the most, and the difference was significant with those of other
two altitude zones ( P<0.05). (4) The total biomass of vetiver in altitude zone of 172—175 m was the largest, followed by
169—172 m and 166—169 m altitude zones, and the difference between 166—169 m and 172—175 m altitude zones was
significant. The ratio of underground to aboveground biomass and stem to leaf biomass were the lowest in altitude zone of
166—169 m. (5) The biomass of leaves, living stems and withered stems in the upper part and the root biomass in different
soil layers were the highest in altitude zone of 172—175 m, followed by altitude zones of 169—172 m and 166—169 m.
There was no significant difference in soil physical and chemical properties in different altitude zones. The difference in
morphological traits and biomass of vetiver in different altitude zones was mainly attributed to the impacts of periodic
alternate flooding and drying. Reducing plant height, controlling plant component size, and reducing biomass were
beneficial to reduce the energy consumption of vetiver grow in low altitude area during flooding. While reducing the number
of roots and prolonging the length of roots were beneficial to enhance the adsorptive capacity of nutrients and water during
drying. Additionally, the biomass of vetiver in the low altitude zone was allocated more to the aboveground parts, especially
leaves, which was conducive to photosynthetic production and carbohydrate accumulation and could lay the material
foundation and energy reserve for future rapid recovery and growth of vetiver. These adaptive strategies were important for

long-term survival and growth of vetiver in the water-level fluctuation zone of the Three Gorges Reservoir.

Key Words: Three Gorges Reservoir; water-level fluctuation zone; altitude; Vetiveria zizanioides; morphological traits;

biomass allocation; plasticity
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AL BB FE T A K AR AE RS AN SO K A 5 A Tt 32 R 7, i EL K (S 3R 0 J5 14 Bl b B85
B AR IS M RE Y TR AR ( Vetiveria zizanioides (L.) Nash) N ARZASF} ( Gramineae ) 75 AR B J@ Z4F 4
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KB AEMEKIREE/NT 9 m, BAFERFEERE K 4 A A DL TR X B R AT 5 7708 SR AT A 21 100% 7 5 3k
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ToFEIA 305 d, AFEHFEK R 1049.3 mm, RIS HUHT S OB, SRR i Zaa, FREE 1 m D
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M1 AT LIE L 7E 2010 AERTK KA TR 8 TAalas 1730, 45 104 X Bl 7 i 18 A S B5ORN TR 8 7 4 B )
AR, 2010 4S5 KEHE A QE #3847 , 45 4R X B K W 15 1) R BRI IR BE P AR R la] SE AR e . Hohifg ik
166—169 m /K IR 5.87 m, P AR KA Z) 168 d; K 169—172 m #E KSR E 4.12 m, Ty
TRAEFEK ISR 2 130 d; ¥4k 172—175 m WEAKF TR EE R 1.94 m, PR K BT 29 98 d, HFIK 166—
169 m [ 169—172 m Fl 172—175 m 2% XX Bt 25 7K i 1 I [R] 7 Y BE4F 2y 197 234 1267 d,

F1 FREEMEHXRIEKREFEE R E
Table 1 Flooding depth and durations in different altitude zones

W3R Altitude MR Altitude WK Altitude
AR 166—169 m 169—172 m 172—175 m
Year  fRgnt R PRt I W BRI W
Durations/d Depth/m Durations/d Depth/m Durations/d Depth/m
2008—2009 90—115 6—9 15—90 3—6 0—15 0—3
2009—2010  77—110 3—6 0—77 0—3 0 0
2010—2011 127—152 6—9 104—127 3—6 2—104 0—3
2011—2012 139—174 6—9 113—139 3—6 7—113 0—3
2012—2013 133—162 6—9 109—133 3—6 1—109 0—3
2013—2014 108—145 6—9 81—108 3—6 2—81 0—3
2014—2015 144—199 6—9 84—144 3—6 1—84 0—3
2015—2016 143—196 6—9 105—143 3—6 1—105 0—3

S-HI(H Mean  90—199 (168) (3—9) 5.87 (0—143) 130 (0—6) 4.12 (0—113) 98 (0—3) 1.94
R = WK e 7K S 3L K SCRAE SRR T VLK SCR Ik - http - // www. cjh. com. en/swyb_sssq. himl
1.3 FRFRA AR
2008 4F 4 A, #2 2 AE AR EAYZE AR KEZ 20 em, 7OREE S, 7EE 50 em x 50 em' P B
1N BN 3tk BRAEIBHSIEREN 160—175 m, A MFELTAZE 1 YOKESG IR 163 m LU B F AR
AFRIET ;2000 4F 4 H AME, IR A T BRAEMR 254K 156 m, 44 8 A 84 (R4 FILIT 100%, 44

http ; //www.ecologica.cn



2 4 Sy A5 KRG R PR AS AL A 0F T AR R A R AN A Wy i 23 e Y ] 2 675

T KT ARAETEIEI 163 m DU B AR FATARAAIE 7 L 2010 ARk 5 8 & /K A2 TH BT84 175 m, 2011
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e 3 MAREA A TR AR A Y i A AR (1) AT AR FLA 43 BERRE bk i 7 2
FRBE CWCR CI RS T R e NS RO RS 0.1 em) |, 9 TR B AR bR R
RO (RS B2 0.01 mm) o PESEHT , FIHG EARAY, 70 JFAL 25 SR 2SR R A48 W EARZE  JFpRic 4k
X Bt ARG, (2) 26 B b4 (0 SR B b SR FH A 5 4 v ) 2 A AR R I A I A R R AR
Wik, FHCAIER, KMGEE R 50 em, S MR R K E, SAISAE S, B8R A T Bl 5 AL 5 i 1]
5 emlBAIFE ML ] T 2 200, IR UIE TR £ E T2 P AR, Ff RS /K M b e &
WA R FA LI, M TR RIE e A, NAEGTE R AR MAERARAKE, Hbh RRE
2 BB b R RO RSB0 0.01 mm) MRS AN RO RS 0.1 em) o W52 ARG , B A R A AR &R
BEAMLE W PARZE . (3) WA MR E AR 25 - SERE S S0 5 BT BB R Sl 70°C 1 XU A gt
TEEE,
1.5 R SRR 2

TEREN Y8 AR S OB |- MEEHLZE 15 cm 2R 1 3R] 4L [FRF M 0—30 +)Z280 1 kg £AARS T
R T R E R AT . o, BB 4E . B E ARk E  BERKE HERKE JEE
EALBE B LBEE S SLBEE A AR bR A pH AL AR W B USRI
W5E 12 OGRS HT ik ) Y L DI 43 A 7 vh [ MOl B 2410 53 B ARk A5 3R B8 5 1 SRR 9 I 52 BT
AT L TE R
1.6  FHEabr

I Excel #E4T B4R %2 B SPSS 17.0 3048 43 Hr, Origin 9.1 &, R 8P 2 7 2243 HF (ANOVA) il
Duncan X6 7 7517 AS [F]44 X B ) - S8R ph e I R A AR e AP tR S A ) o i 45 T b tE A7 22 52 B 3 MEAG:
LRI EA e

2 HRESH

2.1 AN X BE + 3 B A

X AN [ T A DB T R AR B o 73 e 48 R AR WY (3 2) | & 4k IX B T 3 A48 B 19 R (L R /N BT AN
], FEERIAE K 166—169 m XBIA P & i AR & i B KRk | HE R KR A BE LB
LB RN T IR B, 240w T e R X B, B 84w A B A /IN I 4506 B AR AR B R
B BRIEAR 166—169 m X BE A& i i 3 5 TR 172—175 m X B (P<0.05) 4b, A Rl X B 4% 46 b
SRR E,
2.2 AN X B AR RS IR ) o] 9 1
221  AR[EHER X BEAAR R b3 2SR i mT sk

S AN )RR X BE A AR R, |3 70 BT S MR A G463 (52 3) W, Bir T2 F8 AR 44 LAYEHR 166—169 m
X B, BRI BE i R 80 A BER A R R AN, Ho B A8 AR ¥ R N SR 3 172—175 m) X BE ]
IRIER (K 166—169 m) X BeZ sl N2 s 4Kk 166—169 m X Bt 514k 172—175 m X By ik
T TR B A BB Ay BERR 22 5 B3 (P<0.05) , 5k 169—172 m X BEAINEEIR 172—175 m X BEAY Y
)RR T B 23 BERR 0 22 53 538 (P<0.05) , He B AR FRAEAS [k X Bl AN TEAE B 22 5
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x2 AEBHXEHNTEEREUERCFIELARER)
Table 2 Physical and chemical properties of soil in different altitude zones ( mean + SE)

+ R Ak T HER Altitude

Soil physicochemical properties 166—169 m 169—172 m 172—175 m
pH 8.17+0.05a 8.08+0.02a 8.13+0.02a
A HLF Soil organic matter/ ( g/kg) 10.75£1.17a 13.66+1.07a 12.71+0.85a
4% Total nitrogen/ (g/kg) 0.48+0.02a 0.47+0.01a 0.47+0.01a
4 Total phosphorus/ ( g/kg) 0.36+0.02a 0.36+0.06a 0.35+0.06a
241 Total potassium/ (g/kg) 16.79£1.05a 14.60+0.14ab 14.25+0.31b
HA Available nitrogen/ ( mg/kg) 11.04£2.94a 16.91£2.66a 16.68+2.79a
WA Available phosphorus/ ( mg/kg) 2.16+1.05a 2.40+0.59a 1.98+0.73a
AT Available potassium/ ( mg/kg) 128.57+13.66a 126.28+9.81a 113.00+3.93a
+ 34 Soil bulk density/(g/cm®) 1.53£0.08a 1.53+0.11a 1.54+0.03a
5 KFF/K I Maximum water-holding capacity/ ( g/kg) 300.49+37.6a 335.12+38.88a 307.99+14.31a
E®E K& Capillary water-holding capacity/ ( g/kg) 242.33+15.74a 247.18+16.22a 235.06+7.11a
H [ +F/K & Field-holding capacity/ ( g/kg) 166.04£8.42a 179.84+9.65a 178.38+5.81a
B EFLBRE Non-capillary porosity/% 8.52+2.75a 12.92+3.62a 11.19+1.07a
BEILBEIE Capillary porosity/ % 24.23+1.58a 24.72+1.62a 23.51+0.71a
S FLBRIE Total porosity/% 32.76+4.3a 37.64+4.55a 34.70+1.63a

Rl — 47 ARl B 7R R Rl — I E HE AR AE P<0.05 KV E2ZR R34

R3 ARBHERKEEREM EEB MRS PR ER)

Table 3 Morphological characteristics of the aboveground components of Vefiveria zizanioides in different altitude zones ( mean+SE)

B WK Altitude

F&45 Index

166—169 m 169—172 m 172—175 m
B Height/cm 133.3323.33a 143.33+3.33ab 153.33%3.33b
JYBERL Number of tillers 100.33+13.86a 120.67+16.05a 126.6724.67a
44 )% Number of internodes 47.33+18.34a 117.67+11.32b 134.67+24.85h
5[ E Length of internode/cm 11.42+1.63a 13.06+0.4a 12.69+0.38a
0/ 53 BERR Number of leaf/tiller 6.38+0.2a 6.74+0.07ab 6.93+0.12b
i %0/ P\ Number of leaf/bush 639.00£65.39 823.33+107.94a 851.00+30.66a

I H K J¥ Length of leaf/cm 84.09+5.79a 91.57+0.91a 91.51+0.49a

it F K EE /M Length of leaf bush/cm 54263.86+8132.89a 75218.92+9139.08a 77850.97+2419.23a

R /53 BERE Length of leaf tiller/cm 534.76+27.26a 617.04+7.72b 634.51x14.54b
] — 4T AN ) B - B R [)— DU S 48 AR AE P<0.05 K 1255 3

2.2.2  R[ANEER X BEE AR B 3R B S R B mT ¥8 1

XIS [V DX B A AR B T 38 B SRR B BT H 45 2R (38 4) 3R, Fir A 2 F8 bR A A [ T4 IX B (1] 34 T
WEES . WBUER/NEI, LU 166—169 m X BEAAR H AR 22500 /b, 152 B0 0 14 ) (PR 14528 ¥
/DAL G IR 166—169 m X Bt R B AP IR K AR KR K &K, Hi, s KR DR 169—
172 m X BRI 172—175 m XBER) 2.02 7580 1.6 15, HoEFabRvbr v 4o 1 (0 A8 A AR AS B &
2.2.3  RN[RIERHR X BEAS ] B AR A9 55 43 i

XA () P DX B 1) A R R4 5 TR B30 43 i A T MRS T I 45 R (T8 1) s, JE9 6] ( 0) A AR A i LA 4K
166—169 m X Btfw 2 , ORI 172—175 m AR IX B 1R 169—172 m X Bty /b . 13K 166—169 m X
BY SR 169—172 m 1 172—175 m KB 223 B3 (P<0.05) ;& 1.2 A 18] AYAE bR B0 LAMETR 169—172 m
XEBiZ ,166—169 m X Bifg/b, H#& 0] 24 5 .2 (P<0.05) ;7% 3 .4 AN B AR ECR L 172—175 m X
Bz 4k 166—169 m X B /b (HAS [R]E4R X B (] 22 52 R .38 & 5.6 /17 [A] A AE R A AR TR 4R 172—
175 mIX B 81
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F4 FAEABHEXBEEFREMTHSHESERCPEEREDR)
Table 4 Morphological characteristics of the underground components of Vetiveria zizanioides in different altitude zones ( mean+SE)
MR B Altitude

FE845 Index

166—169 m 169—172 m 172—175 m
M F 40 Number of roots 298.00+49.9a 411.00+110.01a 444.67+54.64a
SEIIMAE Average root diameter/mm 1.53+0.12a 1.62+0.02a 1.48+0.03a
MRS Maximum root diameter/ mm 4.75+1.63a 7.75+4.13a 3.97£0.77a
SEIIMK Average root length/cm 7.17+1.38a 6.34+0.25a 7.05+0.51a
K AR Maximum root length/cm 61.1718.86a 30.33+3.18a 38.00+1.73a
Al — 7R [l B9 B R [F) — T E TR PR R P<0.05 /K 25 5 i 3
2.3 R[RIER X B AR A W oy e A T R
MEME AP AOTAR (R s) &L A ] R
WA R ST AR TR, O T 169172
M LR R R Y RIS E OF ||
172175 m K B> T4 160—172 m KBE> TR 16— B 0 | N
160 m (KB HCri 4K 166—169 m KXEESHEH 172— 20 §
175 m KB /R B M A T A 2 0 \ 3 -

2 (P<0.05) , A [A] 4k DX B B A i R i b T AR )
/O EAY R ZEAEY R/ AR EN2ZE R
W,

AN TRV DX B A MR R A g i R 2R AR A 2R
ZEA YR IR 172—175 m X B> 169—
172 m X B>k 166—169 m X Bt (18 2) , (HAS ]k
DX B[] g it AR i A 25 A i 1 22 S 2O 2 VR
166—169 m X B 54K 169—172 m X Bk APy ) 25 5 oA W3 H 54K 172—175 m X B2 5 10 3 (P<
0.05) .

4% 18] Internode

B 1 FREBRXEARETENEREE
Fig.1 The number of tillers with various internodes in different
altitude zones
[P RE FIR AT S [0 O [l i 45 2 (] 78 P<0.05 K b 22 5
&

*5 AAEKRRBEYERM b/ TEYSMEMLE P LbRIER)
Table 5 Biomass of Vetiveria zizanioides in different altitude zones ( mean+SE)

W Altitude

8478 Index

166—169 m

169—172 m

172—175 m

3833.44+730.23b
2202.83+489.88b
1630.61+245.21b

SEYE Total biomass/ (g/m?)

1 EAEH . Aboveground biomass/ (g/m?)
1R 4= H Underground biomass/ (g/m?)
1R/ Hi I Under/aboveground biomass ratio 0.77+0.07a
251 I Stem :leaf biomass ratio 0.09+0.04a

5945.49+542.41ab

3312.01+253.19ab

2633.48+298.59ab
0.79+0.04a
0.22+0.03a

7003.41+549.07a

3821.08+180.85a

3182.33+404.99a
0.83+0.08a
0.24+0.05a

Al — A7 A R B 7R R —IE SRR 1E P<0.05 K 12255 B3

AR X B 12 h F R AR R A i SRR IR R 172—175 m KBS R 169—172 m X B>
WP 166—169 m [XBL, 0—5 cm 5—10 em )2 M3 R A4 W) i 76 A [R)4 X B 0] (1) 22 S YR 28 TR dk 172—
175 m X B 10—15em LLF 4% 12 5108 166—169 m ik 169—172 m XEAAF 2B A LY 2R B E
(P<0.05)

3 e
VR TR T X AR B L K A RN A SRR ) S i 2 IR B T & AR S R M R AR (AR 5 45 R R
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(2) AEFARRET | R B 0 b, R 28R L 48

FRAE R MR IX B 1] 22 5 R 2 ( P<0.05 ), BEBT RIS o Leat T
a

SRR LA LTI, b E@@——J

T 0, 76 75 AR5 5 M S 4 X B 1) - S B R ) a

ST R A S AU AR T H Wineroasom RSSERHEY

{9785 fk AT RE R 75 TR wmwmm§§§§g§§w
Sl A 2 R R B R 25, = Wk e 0 ¥ T

[ K S — AR B PR B Tt 1) | R 4 A R oo —ioom 3%

KHEBLIR I 2 7= WG 2 0 TR W Root 10 15om [

s, FROTHE LK. MERARBEONI s nen [

SRR T AL bR 6 SR I R K :

b Wi /m
WAL EE IR 2 —, ABFT & B, R 166— m“““mm% %ggg
169 m X BB 7 5 ) 725 34906 T H 22 W X B ) A # Root=25em [1 [ 172175
(R 3), B R 172—175 m XBAF (B 5 %% 0 1000 2000 3000 4000
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