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Abstract: To explore the impact of continuous flooding on mineral element distribution patterns in modules, and the
nutrient acclimation strategy of Phyllostachys rivalis to flooding stress, we examined the responses of 2-year old P. rivalis
under three flooding depths (normal water supply ( CK), water level above the culture medium at 5 cm (1) and 10 cm
(II) ). We measured the contents of carbon (C), nitrogen ( N), phosphorus (P), potassium (K), calcium (Ca),
magnesium ( Mg) , and iron (Fe) in Ph. rivalis modules after flooding treatment for 90, 180, and 360 d. The results
showed that: 1) flooding depth and duration significantly affected the C content in modules. The C content in leaves,
branches, and roots increased significantly (P<0.05) than that of the control at 90 d of flooding. With prolonged flooding,
the C content did not differ significantly from that of the control at 180 d, but decreased significantly at 360 d; 2)
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continuous flooding significantly affected the contents of N, P, K, Ca, Fe, and Mg in Ph. rivalis modules. The combined
interactions among treatment time, flooding depth, and modules significantly affected the mineral element contents. At 90 d
of flooding, the N, P, Ca, Fe, and Mg contents in leaves increased, whereas the N and P contents decreased significantly.
All these elements in modules decreased significantly, except the elevated K, Fe, and Mg contents in roots at 180 and 360
d of flooding; 3) the correlation coefficients of C-K, N-K, P-K, Fe-Ca, and Fe-Mg in I increased, which suggested the
synergistic effect of mineral elements was enhanced at water depths of 5 cm, whereas those correlation coefficients decreased
in II, implying a decreased synergistic effect with increased water depth to 10 em; 4) flooding significantly increased the C/
N and C/P in leaves than that of control (P<0.05), whereas N/P in leaves remained unaffected ( P>0.05) , suggesting a
relatively high intrinsic stability of Ph. rivalis under flooding stress. The results indicated that continuous flooding influenced
the absorption capacity of mineral elements by Ph. rivalis roots, but promoted the acropetal translocation of mineral
elements, which could maintain the C assimilation capacity and mineral element homeostasis of Ph. rivalis grown under

continuous flooding stress.
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FAERK LB ZRNG], Ty EHCT, A 7 55 R A AR AN RS T A RS P A
MASTR] 7K A B 5 K AR A5 A 8, TR T K X R A A0 R A B S5 TR RF 9 DR 1 T
PERSSR IMAG ( Prerocarya stenoptera) '** FK M ( Salix variegata ) ' MI# ( Salix sp.) " MWHZ ( Taxodium
ascendens) "> IR MM ( Pinus elliottii ) ") %5 A AR K 45 A WURR 46 B ( Paspalum distichum ) . 75 it F ( Cyperus
rotundus ) % ZAFAE FARY T2 A BE A B A R S B Ok B T KO RE ) FLRERS 1 3R SR A
FER RS BRI T V4 7 A 2SR ) G ) i — U e A 5 N A 3R 4 e RIS C B TR )
I i 2 2y e AR SRR TR R BR A PR 71 AT DAARUCIR 25 00 S o R AR 2 AR A KAl A, S 2
T ARSI ARG T BA R A R G RE T RS AR BRI R EREE 1 E . AT — R IEAME il
b M ZRGE Y SE AR K BRI IR A A, B R R ] I RE ) 0 R B8, X B A 2 i AR IR IR
BEE W R SRS AL R ST AR AT R Ry 9 SR VE T A AR R S SR A TR T R A A R
AR L)

VAT ( Phyllostachys rivalis H. R. Zhao) 3 J& R A B} 47 7% ( Shibataeeae ) NI4T J& ( Phyllostachys Shieb. et
Zucc.) KA (Sect. Heterocladae 7. P. Wang) |, E /047 WL AR K A S, A T 103555 PEEoK
T, FCHIAR AN A S 3k, AT M) B 88 7 — R AL IR AT DL P AL, ELAT TS R (R A 7 RTIIR 5 & BT 4 i
0838 38 IS AR 2R AT 25 T S R A B DA R KR AR, REAE R T K RS T AR E KRR A N
e AR S EE AV T (E MK E TSI g IR 40 TC R S BOAS SR i T SR BRI T AT 2R
R /K PREE T 30338 AL 5 A R R AR RIA T, AR 7 JC R AR R e A e — s A 3 451 Tl
WO SRR MRE ST, RedR /R A R (G RR: | R A RE S A 4 5 R B Z A O R, BT R HE K
W3 42 HERAFEAT (Aegiceras corniculatum) M N K AR ZR P K Na Fe (YR {HAH] T H P Ca . Fe Mn Cu
IR N Ca Mg Mn Cu FIFLE | BEE WS K A] 5 2K ST 3% ( Bruguiera sexangula var. rhynochopetala)
LHM N Mg ALP FI Fe 3 ETF, 15 K & R 2519 Mg FIRAR Ca Mg Al Mn HI Fe &8N I
BAH A E AT AR AR A AR JCIL A 19 AR A e B B, 25 T RIAR AR (A /N2 S [l A 4 ik PR 7
ol ) PR ) S [Vl 40 B 95 0 TG 38 18 40 A 4 Je o 7K s PR 5 14 i 7 538 17 A7 AE 22 570 0 ek S [ i 9 356 R AR
ZIRRBEIE R K WG TR AR Ca P JCR , HA U LA AR R P A3 & f g 58t T AR it At P AR 2
K & FRRZ ™ B ASCFE TSR K TR S AT 4 58 FR o0 R FoAs Jm i g, B 7e 4. 1) 37
IYTCER T R R 7K IR 1) 2 S PR i O LA 5 2) FR 43 TT 3R S BCS Je Xof 7K T Jh 3 1 i o7 A AIE 5 3 ) K WS 38 R TR
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A B RS BRI R A (R, Jd e b AR (PR B R, FRATT AT L g 73 /K S 1 5% 2 JC 3R AR R AE
PR U, ST K PR 4 5 IR AR L AL AR T SRR 2

1 #MREFE

1.1 gk RS Ab B

TR M7 T W VLA 22T (29°56'—30°23'N, 118°51'—119°52'E ) KR LB Frfh bel . 1% Hb g rp 7 iy
P 2 XS AR 15.4°C, B IR IR - 10.3°C (2014 4F 1 4y , B i & 44.5°C (2013 4E 8 A1) ,4FH
MEIFEL 1850—1950 h, H X% T 10°C 1E R Z) 5100°C 247, AE ¥ CFR I 235 d, 4ER /K& 1250—1600 mm,
AR 2 SRR 80% DA L

2012 4F 2 ATER AR IZE 2 AEA /N IR AT B, AT B RS O« H14%2 (1.0£0.2) em, 42755 (1.03+0.38) m,
TR 5—6 BER, VERAUAS A — BT B A 2N S A rh ( L5614 32 em P ELAE 23 em (& 27 em) , B
FEHRHE 10 BRIZLAT . ARBGIETONANVD SLERFILE 1.3 B 51RA M, B AL TR 2 15 kg, B & B IR FL )
475, LR AR SO BRI AT B 198.47 67.25 74.16 mg/ke, pH {E K 5.8, i3k 5 W 15455 2
IKAMIERE 3 B I I BR AT AR AT, 2013 4E 4 H 15 H A EER TS kAR B, 38035 3 /K W Bp E Ab 3 RS
XTRE(CK) WK T AR I, X6 BESEA T S9N T (R s 35 AR X 5 KRR KR AE 85% 247 5 7K 1 /K ey
F AR S om AP LA FHXT KR E 2 5% 5 WK T K A7 5 F 3BT 10 em , A Hb L3850 AH X
TKIREEZ) 10% , RIS AR S TR /K e (KB 4.3 m F58F 3.3 m FREE 0.5 m) T EAT s K AL B 3% 50 1)
[ RFRF I E KL, BRI 40 ANEE BIZARE 40 4.
1.2 SOATERE B S5 50 e

FRARE B A HRIE , AR VR K RS2 3 AN A 2y st ml ik 6 A~ 3 i A6 2 0, ik
360 d J& , WIATARE IR AR, BRI — & B EERTRE ST o RIS AT 8 SR o0 R AR R AN e s Jmy Y
SO | SO BIFFE I B K AL B Y 1] 43500 90 d 180 d 1 360 d ), 735 5 f 8], BEAL e B4 b BT A7 4k 1
3 AL TN Z A PR AR BRIV L SR IE AR HE 25 R B o i A G L F
HEAAN 105 C AT 30 min, 7E 80°CHET 48 h ZIHE , HHWHMBIEIG T 40 B B4 T 5 T b
LA AL2E T, FEY) C iR B TR 2 i T I N B R HEILEC e A D , P & R AR B PL L (2
PSE K SR A LRI E ) Fe Mg Fl Ca 2R FH IR T O BE Bl 1
1.3 HdEab

K H SPSS 20.0 B AR I H T HLA K (one—way ANOVA) Fl # & | i ( repeated measures ANOVA )
5208051, F Duncan 7T 2 E L, FH Excel 2010 B2 HIKZE  WAT RS E C N P A2t b
Fi RN,

2 ERES

2.1 WEARXATERE C & i

WEARNIAT 248 B C & 5 052 I 35, W /K I TR] | W 7K IR B2 A A % B TR) A7 A8 18 & 38 BAE T (P<
0.001) (£ 1), HE 1 A7%0, 7K 90 d B, 5xF B ELE, WKk T AT et B RIAR Y C & &3 B 238 (P<
0.05) , MFFAIHERY C AR BE (P>0.05) ;7K T M AUCER C S REF T, K 180 d, 5XF
FEARLE , B K T ¢ A B T8 (P<0.05) Ah, K T AT HEAHMEN C S EES AR E (P>
0.05) . #E7Kk 360 d, B I FHFIELAY C F it 5 X BTC I 25 25 40 oK T 45 88 5 1 C 8 2 Ak, [l —is
IKIREE WA WE K I A B 184 VAT 25 2 C & B3N R WK T i BSCh JebE s T il o e e
B WK I AR R BIEFNAR IS O W 35 AR, WK 1| TTARBEFFAY C S RE A 2
2.2 WEIKXPRIPTERE NP K &

WKL BXHAT 4 85 5 N P K &5 i 3 (HA& 88 B Z B RC R AR IFA—2(E 2) . ARk
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PRI [E] ALBEOKSE T 8B NP F K S22 5 35 (P<0.001) , HACFERT [E] Ab 2 K SR8 5 18] 4778 &
FIAEHAEH(P<0.001) (£ 1), #/K 90 d Bf, S5XFRE HL g, #E/K T ot 5 N & 3% T+ (P<0.05) , i FF N
B AN 1 R HRIRR Y S SRR AIG B AT P AR R i R P AR D) 2 IR (P<0.05) |, IR
1 P AR 2 AT BIRUR b K i RN BEE K IR RN, & 2 B P T R S AR A
ANTE) A T HEAIAR N & 2 5 0 IR L3 I 3 AR ( P<0.05) s HEK TR P& i 18 35 78 (P<0.05) , 5K |
Jo kR 2500 M FF HMERAR P AR (P<0.05) o BEZE WEAK I TR] A SE R K | I1 Ak 390y i
N S e A T AR R N S AR LA B, A N AR A ) SRR AR B HE UK 180 d IR N ik
B Wk T B RIEE P S fele s 7 WK TR FRRR G P& i 2 T a3 i K 1T FFRITAR P&
EMETHERE K T TR K S ek 5 T Wk T AR K S As bR 3 ok TR K &= T,
oK T AR K &40 THE R HiAR 1) K & =387 m .

F1 BALEREAMH K FENROFITEZIEESNEFEINER

Table 1 Statistic analysis of nutrient content in different organ of Ph.rivalis under flooding stress using repeated-measures ANONA

5 SRR I F A A AR 5 H A
Variation Determined daf F P Variation Determined af F P
source indexes source indexes
SbIA ] (T) C 2 16.945  <0.001 TxO0 C 8 9.831 <0.001
Treatment time N 2 47.521 <0.001 N 8 371.510 <0.001
P 2 570.380  <0.001 p 8 316.751 <0.001
K 2 29.111 <0.001 K 8 23.612 <0.001
Ca 2 94227  <0.001 Ca 8 18.831 <0.001
Fe 2 41.840  <0.001 Fe 8 42.976 <0.001
Mg 2 41.866  <0.001 Mg 8 14.998 <0.001
JEHK-(L) C 2 0.833 0.445 Lx0 C 8 6.626 <0.001
Treatment level N 2 461.680  <0.001 N 8 21.155 <0.001
p 2 766.377  <0.001 P 8 57.719 <0.001
K 2 320.532  <0.001 K 8 15.231 <0.001
Ca 2 335.462  <0.001 Ca 8 42.545 <0.001
Fe 2 91.845  <0.001 Fe 8 17.505 <0.001
Mg 2 82.060  <0.001 Mg 8 6.100 <0.001
BE(0) o 4 12.931 <0.001 TXLxXO0 C 16 6.061 <0.001
Organ N 4 4168.701 <0.001 N 16 13.507 <0.001
P 4 830.647  <0.001 P 16 34.189 <0.001
K 4 403.056  <0.001 K 16 14.303 <0.001
Ca 4 4324.254  <0.001 Ca 16 40.563 <0.001
Fe 4 578.365  <0.001 Fe 16 5.929 <0.001
Mg 4 476.118  <0.001 Mg 16 9.340 <0.001
TxL 4 16.1653  <0.001
4 8.302  <0.001
4 67.951 <0.001
K 4 14.869  <0.001
Ca 4 16.817  <0.001
Fe 4 4627  <0.001
Mg 4 20.015  <0.001

2.3 WEKXHAATESE Ca Fe 1 Mg £ HE (5200
AT AL RS E] AR BEIKSE T, A48 B ) Ca Fe Fll Mg &1 22 5% 135 (P<0.001) , HALHRAS[A] b P /K SE-Fgs
BIAATE R E WA EAEH (P<0.001) (£ 1), WA 3 FiR, #7K 90 d i, 5% B b8, B FF HEFIAR (1) Ca A1
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2.4 FEAKXFTRIAT 48 E SR 5T 0 R ] AE DG e

H 2 2 AT HE K S AT g B 3R A3 G R IR AR SR A — & B (B AN A /K AL B R TRl g B 4% e
RN, #K TR C NP AT K AH B Z 8] A G R0 1% BR B BH T 2 [a] DR R) 1 1 it 5 WK T
A C 5 NP Al K =& R EMRIMEEES , T Fe 5 C P Al Ca [ AP MERESE , WK T AT A N 5 P
AP , WK T C 55 P AP WK AT C 55 P Ca Fe SM B35 IEAIE, 5 Mg B4 W% 6 A
5 MK T AR C SHEICEMEAEE K TFFH N 5 P Kl Fe 5 0 st i F IEAHE, Mg H5HE
TCR YR TAC; BREK TR C 5 N B3FIEADCHN  wok T A8 C 5HEITTR A ToMICH:, K T i
N 5P K fl Fe 2 F A, Mg 5 N K Fe R E AR, KRN N5 P IEFRK K5 Ca.Fe 5 Mg £
B, et Z MM HK TR N 5P Ca BRENMIE, P 5 Ca K5 Mg BIEH, #K TR
C.N Fe [A] %4 B ZEAH K 5 C N Fe 24 5 E AR,
2.5 WEAXHRATESE C/N.C/P Fl N/P AL

ML 4RI FE KIS E 1 C/N (C/P Al N/P A 8 5 m (A A i R fb i $oRTR] . #7K 90d B,
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Table 2 The correlationship among the mineral contents in organs of P.rivalis

o s T
(%)‘fgfn Trf:tfn%ent Ei‘,njnt N P K ta e Mg
M Leaf CK C 0.695 " 0.733" 0.261 0.830"" -0.822"" 0.581
N 0.995** 0.792* 0.724* -0.362 0.585
P 0.749* 0.577 0.227 0.634
K 0.603 0.227 0.440
Ca -0.837"" 0.456
Fe -0.377
I C 0.924 " 0.881"" 0.865*"  -0.272 0.496 0.547
0.974** 0.951*"  -0.426 0.385 0.450
P 0.903**  -0.587 0.197 0.297
-0.315 0.440 0.531
Ca 0.654 0.582
il Fe 0.941 "
C 0.248 0.424 -0.054 0.829 " 0.831"" -0.553
N 0.977 " 0.894 ** 0.538 0.633 0.102
P 0.829 " 0.699 ** 0.782"" -0.048
K 0.315 0.396 0.076
Ca 0.973** -0.612
Fe -0.491
% Branch CK C -0.575 0.782°* 0.291 0.411 0.849 " -0.662
0.887 " 0.440 0.423 -0.834 ™" 0.943 %"
P -0.171 -0.109 0.937*" -0.884 "
0.959 " 0.074 0.209
Ca 0.111 0.217
Fe -0.923 "
I C 0.258 0.612 0.488 -0.077 -0.340 0.299
0.832** 0.366 -0.748 " -0.936"" 0.819*"
P 0.438 -0.465 -0.875"" 0.427
-0.027 -0.373 0.173
Ca 0.566 -0.732"
Fe -0.668 "
il C -0.048 0.988 ** -0.874*" 0.118 -0.321 0.678"
-0.065 -0.274 -0.874"" -0.743" -0.302
P -0.890 " 0.112 -0.355 0.629
0.273 0.723* -0.328
Ca 0.731" 0.443
Fe 0.269
#F Stem CK C 0.054 0.484 0.214 0.444 0.296 0.520
0.612 0.918** 0.174 0.253 0.426
P 0.811*" 0.758 " 0.810"" 0.859 "
0.483 0.563 0.708
Ca 0.827"" 0.862 "
Fe 0.852""
I C 0.259 0.002 0.210 0.075 0.201 0.027
0.434 0.934 " 0.472 0.789 " -0.195
P 0.305 0.982** 0.489 0.705 *
0.389 0.873*" -0.341
Ca 0.613 0.651
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=g l\ ‘/ 3
j?gil Tr::}rint F]ljeunfm N P K ta Fe Me
Fe -0.119
I C 0.490 0.889 " 0.572 0.892 " 0.802 " -0.904 **
0.787 " 0.967 " 0.233 0.890 " -0.582
P 0.868 " 0.758 " 0.957 " -0.843 "
0.365 0.937" -0.662
Ca 0.571 -0.684 "
Fe -0.858 "
#i Rhizome CK C -0.228 -0.207 -0.393 0.001 0.114 -0.430
0.987 ** 0.920 " 0.440 0.931*" -0.740 "
P 0.948 ** 0.523 0.945 " -0.757"
K 0.435 0.815"" -0.553
Ca 0.520 -0.583
Fe -0.915"*
I C 0.364 -0.073 0.446 —-0.484 0.102 -0.550
N 0.699 * 0.762 " -0.642 0.875"" -0.937 """
P 0.097 0.076 0.949 "~ -0.639
K -0.979 " 0.386 -0.707"
Ca -0.230 0.620
Fe -0.818""
I C 0.742" 0.634 -0.551 0.578 0.085 -0.101
0.947 ** -0.513 0.494 0.368 -0.307
P -0.329 0.304 0.569 -0.522
-0.990 " 0.542 -0.604
Ca -0.560 0.623
Fe -0.950 "
2 Root CK C -0.456 0.044 -0.951"" 0.526 -0.562 0.504
-0.490 0.600 -0.774" 0.439 -0.169
P -0.007 0.750 " 0.165 -0.171
-0.529 0.728 " -0.502
Ca -0.159 0.184
Fe —-0.485
I C 0.212 0.049 -0.644 0.250 -0.288 -0.504
-0.875"" 0.042 -0.771" -0.452 -0.265
P -0.482 0.938 "~ 0.205 -0.144
-0.653 0.175 0.868 "
Ca 0.289 -0.361
Fe 0.231
I C 0.892" 0.203 -0.867 " 0.900 ** 0.066 0.049
0.569 -0.952*" 0.903 ** 0.155 -0.246
P -0.527 0.326 0.007 —-0.341
-0.937"" -0.154 0.061
Ca 0.150 -0.039
Fe -0.337

* 4 P<0.05 P<0.01 N=9

3 FrErig

3.1 FREREKMTATAAYE C LR S R R
C TCF A B IR N T R B R EE T3, O A B DR AR A R 0 B S SR A e TR A B
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Fig.4 The stoichiometric ratio of C, N and P in organs of Ph. rivalis under flooding stress
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( Kandelia candel) "R 1) C #7228 —207 AT BE R WG A /EAR 55 , CO, AL RE JI B MK, S BT P &
WD IWTTIEARAE AR AR N C i, AR AR 259 C JCRWE & T, 2 TSR E EEREAARE
AR E T & C LRI R, i SRS B s 20 R A R B e e i, A
WFFRESE AR E IATHE ) C B i fie s, AT AT 20 S AR UL R AT AR W K SR R AT
HA MR
3.2 B KA A BT BT R 43 A SR R

TS 7K 2 BSUHR R ] ] - i S, S M AR R I, DTS M 75 SR 0 R AEAE AR N S8 S R A, R
KPR /NEE X N P AT K AW, B AR 3R N RS i BAUE Y | AR rh RS K AT g B A
JR TG 2R e A I 1A 5 2 o K, R I RIR (A G R R L K 5 em A0 EE 90 d B, T
it N P . Ca Fe fl Mg &30 5, K S A8 3% AR N P 7 ) 2 2R AIK, K Ca  Fe Il Mg
TS T, AR B E KT, Ca XA RRAS E M AR, P O A U A LD FIRE AR T ATP 41T
R, K BIGRARIT R, F e e A ER N T2 i, AR B R A MO TN ook, U ETE
B AR A AR AT T ABL AR A 7 4 7K ) 2 B0 SO, A B N s () — Fp 2R3, RS K 90 d, 52 il AT AR 28 i A 77
SYRETT WD TR NP RIS R, I R N P Ca Fe Fll Mg 75 &t b , R K AR #E W ATH™ BT R
) i o a 4, ARG SR ik R 0 A= BRAR T, SRl B K IR EE . #E /K 90 d XTI IR Ca Mg 25 [SE A /N, 3X
S PR A AR 2R 6] 3 2 5 - 1) W IS AS 75 LT FE BB S, 1T AE WOSOK 4 18 [ B B8 A BT DA 0 4k P 5 i 1 AR S
KV HFFLEHEK 180 d F1360 d B, AT 45 F ERUB TG R BRARFEAY K Fe Fl Mg & ish, HE m R ¥ i %
REAR , 32 AT RE R F T4 B BLRE T R, 306 B I WRICRE T T R, Fe JC A T AR S Fifi 5 8 /K Hp &2
B[R] 10 0B K 177 R AR B X T RESR TR R S K 25 1 T B — 3 1 ML 38 A AR e DR ik A AL B P
oA A4 1 14 A AR
3.3 FRELME AKX B R U R Z I R A5

YL C/N FC/P LB AR A A K sl B ARG AW = 43 T IRk C BBE T, REfE — e /8
JEEFORMYI R R HRCRDY IR SR N P R RS 56, N/P WRE R N 5 P 5 Sf i
WG FFEEHEK 10 em AT o C/N C/P 300k HE S 2238 T, 107 N/ P 00 BE 25 S AN (8 35 | DA AT A 78 18
KT BB AR E T, S 52 C R RE ) ke B w8 75 43 1) A0 3 ok 3 10 75 43 W S 41+ ) AS R 52 il
HIPIas B SRR 5 N/P 832 RIS WA o) R BT R S R G A 37 0 BRI R 70 AitEs
K B BRI AT B N/P B/ 14 N/P B IR SRR, AT 68 S0P 9 A2 9 2 Rt O, Ui BT A
B4R F 27 N ZREl, K. Ca Mg il Fe 2 E KT LR K ES Fio R, HA EEW P Y RE, (HixX g
BT UG R T AR S A B & I R A A B T S 5% R AR TR X L A B R R A SRR e
AAFGREE R W, K S em, KOLIREXT TCE K R 7= B, # K Sem A9 C-K N-K P-K Fe-Ca #ll
Fe-Mg AH2¢ R $0TH i, 70 K A1 P [ M0 58 5 787K 10em B, A G R B0 2 R, Do R a9 I R PR a5 i A i
CK N-K ,P-K Fe-Ca Fll Fe-Mg AHC R ¥ 8] T+, Ui BHAFE2 /K S5 A7 #5 B 0 2 [ B[R] G 5 A5 ) A7
N 5K A5
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