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Adaptive adjustment to nutrient absorption and accumulation of Phyllostachys

rivalis rhizome-roots under waterlogged conditions
LIU Yufang, CHEN Shuanglin®, LI Yingchun, GUO Ziwu, YANG Qingping

Research institute of Subtropical Forestry, Chinese Forestry Academy, Fuyang 311400, China

Abstract; This study aimed to reveal the fluid resistance mechanism of Phyllostachys rivalis ( Ph.) , a bamboo species, and
provide a theoretical basis for its application in vegetation restoration of wetlands and areas with fluctuating water tables. We
investigated the biomass and contents of the main nutrient elements in annual Ph. rhizome-roots by using individually potted
Ph. with artificial irrigation for water supply and waterlogging in the third, sixth, and twelfth months. The nutrient contents,
stoichiometric ratio, and nutrient accumulation were analyzed, and the following results were obtained: the contents of N,
P, and K in Ph. rhizome-roots decreased significantly under waterlogging in the third month. However, no obvious impact
was noted on the contents of C, Ca, Fe, and Mg and C/P, N/P, and N/K. The nutrient contents, stoichiometric ratio,
and nutrient accumulation altered markedly with prolonged waterlogging. Meanwhile, the contents of C, N, P, and Ca and
C/K, N/K, and P/K decreased, and the contents of K, Fe, and Mg and C/N, C/P, and N/P increased with prolonged
waterlogging. The accumulation of nutrients was significantly inhibited before waterlogging in the sixth month. However, the
accumulation of nutrients showed a significant increase under waterlogging in the twelfth month; this was mainly because of
significant increase in the root biomass. Thus, we showed that maintaining strong nutrition stability is a strategy of Ph. in

response to environmental stress. The rhizome-roots of Ph. can sustain high nutrient absorption and accumulation through
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producing large numbers of roots, both in soil and water, and show adaptive regulation of the nutrient stoichiometric ratio in
response to environmental stress. Since Ph. can survive in long-term waterlogged environments, it could be used for
vegetation restoration of wetlands and areas with fluctuating water tables. In addition, it may play an important role as one of

the bamboo species that can be used for purifying eutrophic water bodies.

Key Words: Phyllostachys rivalis; waterlogging; content of nutrient; stoichiometric ratio; nutrient accumulation
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PE R 21 e R JERIT SR Y A, FE A Pt 39 J& 500 ZFf JE AL b AT % e 4w i [
8 ARG B B )2 ) P U R B A R S A ATl 5 R R ol BRARR WM AE L AR 1T R E AR
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T, XoF TS IR R 2 T VR i AR DB T T A S B S BT I AR Tl AR RN AR 3 S Y i
BRZKAAR E E TS B R SRR L R, A SCRAAT Al I 4 B 17 W K IAEE R Il A AR 32 22
Feor i it i AR AR R A R BRI DU AR, (1) KWK BREE T, J0 477 i
MR FE R MR R R 23 kA Y AR Ak 4 7 B X ¥ 7K 155 0 5 i IO SR 5 (2) I /K BRI %
AT IR 8 53 53 MR SCRTF-457 ) SE e RE S, 23 BT T AT AR R G 3% 0 IRk

1 #MRERHE
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h—3k,

2013 4F 4 H A AT IR 00 Ak i v K AL B, IR 2 AL, A K R L A AR i AR T S em Y

http ; //www.ecologica.cn



10 KEFT A WKIREE MR HEAR SR 20 S5 BR B A3 L 45 3
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Fig.1 The contents of nutrient in rhizome roots of Phyllostachys rivalis under flooded conditions
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fi%,C/N.C/P N/P ¥R F2 L, HA PR ¢/N ¢/P BF & T CK,C/K N/K Fl1 P/K B F KT CK, #K
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s [R] (A — 25 S XA #EAR F2 Ak 2 i H AR &2k B35, C/N .C/P FHiE, C/K N/K Fl P/K [%
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Table 1 The C, N, P and K stoichiometric ratio in rhizome roots of Phyllostachys rivalis under flooded conditions

TR( L) TROKHHR)
FUSTNCN K
Tttt ¢ The roots growing in soil The roots growing in water
Stoichiometre
atio 3MA 6 1A 124H 3MA (! 24 6H 124H
Three months Six months Twelve months ~ Three months Six months Twelve months Six months Twelve months
C/N 60.14+4.33Ba  55.35+£3.93Ba  46.26+4.83Bb  82.79+5.84Aa 78.26+5.62Aa 80.02+6.19Aa 67.55+7.57Aa 74.04+4.56Aa
C/P 412.91£43.43Aa 443.33+8.37Ba 453.54+82.13Ba 478.58+42.17Ab 566.44+46.13Aa 551.89+40.07Bab 575.64+1.86Ab 973.36+81.94Aa
C/K 72.80+9.35Ba  77.25£5.53Ba  66.40+8.31Aa 126.72+5.99Aa 125.73+11.55Aa 41.72+4.59Bb  44.28+2.86Ca 28.15+1.73Ch
N/P 6.91£1.12Aa  8.03£0.44Aab 9.82+1.53Bb  5.80+0.65Ab  7.28+1.04Aa  6.90+0.12Cab  8.59+0.95Ab 13.21+1.63Aa
N/K 1.22£0.22Aa  1.40£0.17Aa  1.46+0.32Aa  1.53£0.07Aa  1.62£0.24Aa  0.52+0.02Bb  0.66+0.08Ba 0.38+0.02Bb
P/K 0.18+0.005Ba  0.17+0.02Ba  0.15+0.039Aa  0.27+0.033Aa  0.22+0.003Ab  0.08+0.003Bc¢  0.08+0.005Ca 0.03+0.004Ch

5 AR ATV K INT IB]A [F) 2k B 22 53 1825 ( P<0.05) /NG F-RE 7R AR [] E K o 1] ) — &b TR ) 22 5 193 ( P>0.05)

2.3 VIR HIRR 35 53 B B A 14 52

2 2.3 AT, B2 W /K B E) A K Tl AT AR R AR R K Fe 700 B R 3R WG T+, HAREE 3 6 .12 1~ H
342555 W%, C N Il P 240 IR AEAL B 6 12 S H 0] JC i) 3 22 5%, 940 Ab #1 3 A A B 38 T ; Mg I Ca
Foor B R T s AbFE 12 AN H WE TR 3 .6 DA WALEE 6 S H RIS AT B, TR A0F 12 4
H WA KR ER Fe F20 R 5408 6 MH LB E 25 ,C NP K Mg fil Ca F#0 R MALY K
RhEE 6 N H 1 BT

55 CK A, TR AFEAAIPTHERR C N P K Mg, Ca F5£4) B FR R A A AL HE 3 6 > H I 3 35 FEAIE,
{HARFE 12 A~ H R 3E T8 Fe 3250 M A0 HT 3 4N H i i B FAIC, AbHE 6 12 A A i 5 T, BRIEZKALFE 12
A B Ca FR4r LR PR S £ PR e B8 22 540, HE R n R B R B EINT PR, v, %557t
B B AZ MR IR 40 i R0 AE i AR A A S R S i R IO K eI A R 7 43 B R e A S R UK
3.6 N H ISR I B T IR CR AR HEEK 12 DA R BRI R A YR BE T,

®2 BKLEBTAMNERFSRRE

Table 2 The accumulation of nutrient element in rhizome roots of Phyllostachys rivalis under flooded conditions

CK TR ( A& ) Total amount

Qb
Treatment 3 617 124 34 61 124

Three months Six months Twelve months Three months Six months Twelve months
C(mg/%% pot) 46402.89+2838.28 Aa 34138.26+2652.23Ab 13574.75+1795.94Cc 12681.94+1205.99Bb 27496.01£1883.41Ba  29648.51+3199.40Aa
N/ (mg/ % pot) 772.55+£36.45A a 618.12+53.05 A b 292.26+74.24 B ¢ 153.80£19.51B b 358.26+£35.09B a  373.88+32.38A a
P/ (mg/ % pot) 113.16+13.23A a  76.97+£5.04A b 29.15+6.20C ¢ 26.78+4.70B b 48.84+6.92B a 46.30+£3.33A a
K/ (mg/ % pot) 643.68+82.67A a 445.09£66.21A b 214.40+21.30C ¢ 100.08+8.34B ¢ 260.86+28.71B b  789.00+52.40A a
Mg/ (mg/ 7% pot) 72.02+2.63A a 77.00+£9.31A a 29.74+3.66C b 22+1.89B b 30.76+4.49B b 103.03+8.76A a
Fe/ (mg/ %% pot) 197.48+17.75 A a 58.42+9.08Bb  74.00£11.76B b  68.59+£5.83B ¢  343.95+66.25A b  861.86+120.12A a
Ca/ (mg/ % pot) 185.35+8.48A a  124.99+8.98A b  45.96+6.99B c 61.81+5.65B b 76.93+9.84B b 117.54+18.52A a
ALY &

. 4 86.70£5.39A a  68.00+5.83 A b 30.25+4.37C b 25.80+2.89B ¢ 55.37+5.55B b 70.75+8.21A a
Root biomass/ (/%2 pot)
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Table 3 The accumulation of nutrient element in rhizome roots growing in soil and water of Phyllostachys rivalis under flooded conditions

posi]

Treatment

TR( FH4R) The roots growing in soil

TR(/KH4R) The roots growing in soil

31MA

Three months

6 1A

Six months

124 H

Twelve months

6 1A

Six months

124 H

Twelve months

C/ (mg/ % pot)

12681.94+1205.99b

24771.20+1955.51Ba 21906.65+2306.04Ba

2724.81+117.08Cb

7741.86+928.99Da

N/ (mg/ % pot) 153.80+19.51¢ 317.48+30.95Ba 267.74+21.35Bb 40.78+6.14Cb 106.13+14.80Ca
P/ (mg/ 4 pot) 26.78+4.70b 44.10+7.09Ba 38.74+2.43Ba 4.73+0.22Cb 7.56x1.03Da
K/ (mg/ % pot) 100.08+8.34¢ 199.07+34.56Bb 510.92+37.81Ba 61.79+6.05Ch 278.09+23.40Ca
Mg/ ( mg/ %% pot) 22.00+1.89b 27.75+4.78Bb 85.36+6.72Ba 3.01+0.39Cb 17.67+2.08Da
Fe/ (mg/ %% pot) 68.59+5.83¢ 322.74+67.45Ab 840.42+120.22Aa 21.21+2.14Ba 21.44+2.09Ba
Ca/ (mg/ % pot) 61.81+5.65a 68.35+£10.09Ba 58.96+10.25Ba 8.57+1.46Cb 58.59+8.50Ba
RELEUR 25.80+2.89b 50.08+5.62Ba 54.58+6.43Ba 5.29+0.49Cb 16.17+1.83Da

Rootbiomass/ ( g/ % pot)

3 e

AWETE A B, A T K I (B A SE R ST AR SR M0 3 S R B A R R R AR DK 3 A H I T A
KR C Ca Mg Al Fe 70 AL (HHEIK 6 12 A H XA AT #EAR IR 70 5 2o WL R0 8 7O T A7 i
WA IRIPLR & i SR R A e —E 122 5%, Forp X C S i A X BN, X5 C ORI B 20
RAERY RN S AR R, AR SN A O T LB W K R ] A A el T HEAR A R C R R R
Zigtmkad, Uil C IR AR R BT EEZ MV EY R BRI #E K 3.6 DA I AT HEAR N P R R R
B CK B RS, TR AT HER N P SR RS2 5700 5 i AR R AR W R 9 S R oK 6 A H A — E
JE AR T RO SRS BRSBTS TR RR DR BB S A R A B, HEK 12
AA B IATHER NP R AR R ST CK X SRR A R A AR 1 35 4R A G AT HIEAR Fe &5
g FIRR SR S 7K R TR] PR SE 17 3 T i, K 5 R A T K R 1 R 2R 20 I ) e 4 T 0 T o S T
Fe™ S AL Fe™ TEARFIB UBIRAT 51250 AR NN 7K PRI 1) —Fol 5 i i B AL AR 202 5 r 477 4 P AR ok
AR K Mg 5 ek B 5 T 7K ] 19 S S T v a3, 5 A 36 2 O 9 4 SR S, T g 5 W A7 AR 3 T J
UE/NISIEREE S Ive NG SE UL Z R S A PN R e B e NS S A S S K iR 7
MO A OG0 L A AR ) 9 S , TrT AT IR Ca 35 it 32 RS, T 3R 0 B R ik T i a3 1 Ca R
S EESZ IR ALY R,

KEWFTERM AEYFER KIS T, S5 TERARBEDNE  FESAF S 0 Ld T MY S KK AE
AR 77 A S RE 2 IO 2E 21, HE TR B AT, (AR AR RS ZE AR /K R BT A T ARl % iAok 3
AR b 2K R, (EREAS BB A AR AR AR K 6 A H IR 2 K Hh I /K TP AR 2R I B 7K I 8] 17
TR PARAE Y B E TS, WK AR Mg Fe & 5 A1 C N P Mg Fe ARG HPIRAL T PR, 2K
AR AR A T SR gy T, A R 2 R B SR M ER B T 7K HP AR T P e e S0 LA IV AR R Y R 4R
B XA FFE— 25T, 1 LK 12 A H IR Fe SMAFRS R R E & Tk 6 ™ H , HAREY) &% K
AR C NP K Mg #5701 B4 1 stk A AR T35 0 & WK FP AR C NP K Mg R0 R R B2 AR AR
WIS X — 2518 5 MK B AR IR S R — B0 K PR Fe Rl Ca F7 43 BUR 2 AR AW RS- 40 3%
A L R SR AL I B Y N T 9 S T 7y 8 200 3 o 84 A P ) A BRAIL A A B S AR R X R 43 1Y
PARES) IR HER R AP R T, WS 22 B 7 70 (I AR A A 39k AR ) AR AR 0 P05 72 1 1Y A B 2 R 7
2z,

TEAR IS RAE T A RS- S B — A 5, SR s LU XA E |, Aot T AR
SRS R GERRE PERNZE K IR A 1 AL, PRSI S (AR A LA A X e D B AR R R
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WFFE KB, AR K K AT ATAR R I% 40 S oA W (A K 3 /N A X 3Rk 2s ik i e Bk B JF
JCHA S8 520, UK 3 AN BRI RE R A i 3% 4 AR M, R /K PR B LA BRI 32 g 7 . B HE K
B[] A E A TP AR 52 bt L s R A B W A2 4k, C/N . C/P FHir, C/K \N/K Fil P/K BEAIG, 156 B 3T
A AT DA 3 5% 53 Ak 2 0 ) 38 I VR SFe X K e B

4 it

WK 3 A AT IR C Ca Mg Fe &1 C/P N/P N/K H-JC W E7254k , REAEFR i B I 5 0 ke,
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