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Effect of low phosphorus stress on growth and nutrient physiology of
Phyllostachys edulis seedlings
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Abstract: [Objective] To explore the effects of low phosphorus (P) stress on rhizosphere soil nutrient
environment, as well as the growth and nutrient physiology of Phyllostachys edulis seedlings at different growth
stages and their sustained effects, so as to analyze the adaptation mechanism of Ph. edulis seedlings to low P
stress. [Method] Seeds of Ph. edulis were sown in pots to cultivate young seedlings. Rhizosphere soil nutrient
environment, the biomass and its distribution of Ph. edulis seedlings, and the nutrient absorption, utilization and
distribution of Ph. edulis seedlings at the end of the current growing season (T;) and the next rapid growing
season (T,) were determined under four different soil available phosphorus conditions, 2.5 mg-kg ™' (very low

phosphorus, P,), 5.0 mg-kg' (low phosphorus, P,), 10.0 mg-kg™' (medium phosphorus, P;), 20.0 mg-kg™
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(suitable phosphorus, P4). [Result] Low P treatment group (P, P,) significantly decreased pH in rhizosphere
soil (P<<0.05), and maintained the high N content of the rhizosphere soil at T; The low P effect continued to
T,, and the organic matter content of rhizosphere soil of P; and P, was significantly increased by 10.70%
compared with that of P, at this season (P<<0.05). Low P treatment group significantly reduced the biomass and
the accumulation of N, P, K nutrients of Ph. edulis seedlings at both stages (P<<0.05), but the decline at T, was
higher than that at T,. At T;, the low P treatment group significantly reduced the root shoot ratio (R/S) and
relatively reduced the proportion ratio of nutrients in the root of Ph. edulis seedlings; However, at T,, the R/S of
the low P treatment group was significantly increased by 44.30% and 37.97% compared P, (P<<0.05), and the
distribution ratio of N and K nutrients in the root was also significantly increased. The low P treatment group
significantly increased the phosphorus use efficiency (PUE) of the whole plant of Ph. edulis seedlings
(P<<0.05), the PUE decreased with the passage of seedlings time, only P; significanlty increased by 19.05%
compared with P, at T, (P<<0.05). [Conclusion] Low P stress inhibited the growth and nutrient accumulation
of Ph. edulis seedlings, but increased the overall PUE. With the extension of seedling time to the next rapid
growing season, the inhibition effect of low P stress on the plant was enhanced, but the adaptability of Ph.
edulis seedlings to low P stress was improved by increasing the root-shoot ratio and the proportion of nutrient
distribution to root. [Ch, 2 fig. 4 tab. 25 ref.]

Key words: low phosphorus stress; rhizosphere soil nutrient environment; Phyllostachys edulis seedlings;

biomass; nutrient accumulation and allocation

EAT Phyllostachys edulis 2T E AR . LB B & S R PTRID, B 32 500043 DX 98 500w 5 &
PR, F=E R BT AR A R BPRRIT . IRBEI A REAR T BT R AR SR, S5
BRL Y N IEER & B S Ak, SEMT AR TR A i . w R ARG I - A Ak
{H 3 Bt 25 5 | KR & B 3Rk . B SR O A5 () BRI, SRy X ity SR i A 7= e L, FSRAE
Py (I A0 fg e ML) S AR D E DY (IREEME R, MR R S MR T, SR B R A
ARPES RIS BATSEAE ) 23 VR AR e L A5 A i o TR SR Sl IR R . (IR IB i I8 2 R (AR )
MU [ BRI R, UM RAE P A N 35 03 U0 EUAS TR A K S S AR A X 5 43 14 5 SRR AR BUAE 7 25
S PO A KB, B IR TR, RN ATREAN R, S IR AR & R SR o E O T
LU U3 e e . BRSO 1 298 B 15 Medicago sativa BB 2 F FHAL 1G58, (H HRCRBE 3 1 I a) 78
KA. sk 3Coe! (o R0 . A KB BEBATR R0 BT R B Bt AR PR - B2 v A e 22 570 K
WG ST IR A AR50 A, (A IR N R 3 AL & AR ARl . (EE R I S5 AN ) A A< o) - g
IRy A KBTI S R N F Y W JCHRGE o 278 L, AW SRR EE, B ERR
B TN 10 X AS [ AE R AR PR - 38352 50 A8 | BATH) i AR KSR 5 A BRI 5 ) SRR SR80, AR P %t
AR A5 305 I ML ) B2 A P JE il
1 APR S 7
1.1 ##y

TR0 R AR LA 2 R B K. BATR TR AT VAR I B, TR EEN 0.3% 4R
PRV TEE AN TC K R UE IR 24 h JEfiE2E . A 2T A U T 22 DR LR B ATARHE 1 m
PN, AKX T 20 B, DL M5 VEERE)=3: LIRS E M., B A
B 5.02 g kg™, EVE 046 grkg', 4 024 g-kg !, 44 13.01 g-kg!, BRI A 93.63 mg-kg ', AW
2.58 mg-kg ', HEALHH 54.99 mg-kg', pH4.83. BHA#AHE 140 cm, K& 11.8 cm, [ 1142 14.0 cm
() BN170 %Y PP5 ¥DEL B WK%, #IKA 16 MiE/KSL, HARE 1| MERHTE.

1.2 A&
DL R AR PR BH B AT AR 857 0 O R, SRR R NI il it L 4 A wth



1012 WroIL R R K A R 2022 4£10 H 20 H

A AT, A BRI AR B (2.5 mg kg, P)). KB (5.0 mg-kg', P,). T (10.0 mg-kg ',
P;) A& (20.0 mg-kg ', Py) THEIREE . REASERL 1.4 kg, WEACCRHBERR — S8 (orral), BT K
JEREASE RIS Pk, AE0EME 100 mL, HREWREEN 0. 153.5, 460.6 Fl1 0748 mg-L™', &
BB 0, 3.5, 10.5 F1 24.5 mg., AIRANC R LN KT, A FE oM 20 .
XA A3, it fn o A AEAR R BR LIRS RIOC R, PRIER B R & 20194F 6 H 14 H, A4k 8 kil
AR BTA T, K4 F R, B2 Rk B KRB —Zahtly, BaMik 40 EE, BHEE
150 BRETA, 52400 ¥k, SEA7H MRS, g, e A BV SR 1k, JHESE
R R SR R

1.3 HFmREMNE

HR A B A7 400 1 i e 15 R AR Ak B e AR KR, T 2019 4F 12 A A CHAEAE KRR, T) M
2020 4F 6 H ) CRARPUGH A K, Ty) SEATBESRPERE, 40 iR . 25, 1F 3 AR FE 105 °C AR PR
H 30min 5, 70 CHt B, WEAY RS, SEEIR 100 B, TS MR &R
H,S0,-H,0, ", 43 BICR AL E 205 . SR DT LI A JOE R R e . & . &8 E s
B, RN . R RE | IR0 BB R A HRCRN, BN E PR E R IE 4 1K,
FRREE - RIREHLEL 6 MR SR AHE .

] 7 B 7R AR R L) S AR B 4 SR pH I AN 2 AR PR 138 pH, = TR AN AR 3% R
B2 R VRN E A LTI R 504, HoSO, T -2 G ZUA N E 2 BT 4h 4, LIRER F 1 I e i
JEi 8L, FhR- S AL B -FH BRI Le vk D A il i e o B, IR A R AR R . A A
A J3 =R B A O I et 05— ) s A O I St 3 50 /A0 B A 8 T 3 450 100%

14 FUEAEBS S

K JH Excel 2010 F1 SPSS 19.0 Ge it #1453 #1%kdi, SigmaPlot 12.5 fEE . >R HHLH 2 I 225041 (one-way

ANOVA), Duncan ¥:7E a=0.05 /K #7225 L,

2 HERE M

2.1 {RHBERME X3 HR BR 5 4 TR B B R0

FPUR: T, SUUEGEBEACEHEL, Py F1 Py ACBE T BUAR PR 1 3904 S50 I A B A%, (H
TRBEAL L (P, A1 P,) AbFE R S s in s BE A I Ml A BEZH A AR B + 398 pH 4311552 P, & PRI T 10.60% Al
8.55% (P<<0.05); {HARBR 38 4 500 5 43 BB 00 U6 A3 AU B K T A 38, b P8 Py RS T
19.23% (P<<0.05); LA AR B A 38 A ML ST A1 508 it i 0 B0FE A [R) = 84 2wl /K - 18] 3 T I 3% 22 &7
(P>0.05). T, B 1], ARBR A 808 BT i o3 B0 S W iR 1 B AT AR LU REAR,  (ERm b B A B R 42 P,
FP/N (P<0.05); ULETHRPR -4 pH AUAE P, F 5 P, W& FRAIK 3.53% (P<<0.05); Tk BEA A AR P £
HE 42 ARG BT V4 Py SR T 30.76% F 11.82% (P<<0.05); AR R -39 A0 80 o it 43 BU7E R
] A 550 /K ST AT (2 35 22 53 (P>0.05), {EAR A AL B 2H B AR B 338 A AL R B 520 8000 1458 Py ¥ (g 4
Y 10.70% (P<<0.05).
22 REBIMEXNEMHEEDERESEMN T

F2PR: TR, (KBEAEIRAL (P, F1 Py) I BAT LI Bk A W i 53 0 42 Py WEBRAR T 27.09%
15.93% (P<<0.05); M7 L4 P, 43 50 i 25 R A% 22.22% FI 14.29% (P<<0.05); {H4% + A% KEFE
P i oy Be R R BN RO AR . i 250 T, B, ARBE AL BRZL ) bk AR M B 55 Py 4300 S 35
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Table 1 Effects of initial soil available phosphorus level on soil nutrient environment in rhizosphere

ARETYT Wt A SR AR (mg- kg™ B R ALIEEE/% pH FHLF/ (g kg") & /mg-ke') HHH/ (mg kg

P, 3.05+0.11d 22.13+4.56a  4.81+0.07b 5.53+0.33 a 902.26+37.64 a 65.47+0.89 a
P, 6.57+0.04 ¢ 31.47+0.75a  4.92£0.03b 5.90+0.31 a 805.16+38.17ab  65.94+1.63 a
T P; 8.47+£0.21 b —15.30+£2.09b  5.40+0.03a 5.83+0.42a 868.47+4.46 ab 64.94+1.13 a
P, 14.98+0.87 a —25.10+4.33b  5.38+0.04a 5.17+£0.07 a 756.77+42.93 b 63.58+0.64 a
P, 2.32+0.04 D -7.33£1.76 A 5.19+0.03B 7.45+0.21 A 1013.74+£29.97 A 93.92+3.87 A
T, P, 4.34+0.12C —13.2742.48 A 5.4240.04 A 7.45+0.19 A 866.91+24.09 B 82.20+1.46 A
P; 7.53+£0.30B —24.73£2.99B  5.43£0.01 A 7.21+0.03 AB  836.34+17.01 BC 75.43+£2.63 A
Py 12.16+0.28 A —39.20£1.39C  538+0.03 A 6.73£0.23 B 775.27+6.81 C 78.91+10.97 A

Vil B bR R . RN 53 IR T AT A 3SR A B ) 22 57 (2 35 (P<<0.05); A8 R0 A8 fh I 1 v () —m - ER &%
B B S R A LLRRAG, 5 2R3 n
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Table 2 Effects of initial soil available phosphorus level on biomass and allocation of Ph. edulis seedlings

AW o3 L/ %
A K] B4+ HEA R K AWt /(g B L
1 £ i
P, 0.197+0.005 ¢ 49.40+1.19 d 23.35£0.74 a 27.25+0.98 a 0.98+0.05 ¢
P, 0.227+0.003 b 52.00+0.54 ¢ 20.14+0.04 b 27.86+0.58 a 1.08+0.02 ¢
h P, 0.264:£0.005 a 60.03£0.43 a 17.00+0.42 ¢ 22.97+0.04 b 1.50£0.03 a
P, 0.270+0.009 a 55.8240.65 b 19.50+0.46 b 24.68£0.24 b 1.26£0.03 b
P, 0.243+0.020 B 54.56+1.39 A 29.17+2.40 AB 16.27+1.05 B 1.14£0.10 A
I P, 0.270+0.025 B 52.09+1.33 A 32.06+0.67 A 15.85£1.12 B 1.09£0.06 A
P, 0.307+0.012 B 53.34£1.05 A 25.02+0.83 B 21.64+1.31 A 1.14£0.05 A
P, 0.477+0.050 A 43.97+1.35 B 32374143 A 23.66=0.61 A 0.79+0.04 B

LA Bl I (ER R . R/INE BRI IR T AT AN [ Ak 381 ] 22 57 8 35 (P<<0.05)

JoT et 43 UL 34 B - S5 B OT AT o8/ Dy, HE A LR b 3 4 2 AR T AR R 2R 1 LB 438K (P<<0.05),
R B R0 A3 A AN ) A RO /K T ] T J 3 25 5 (P> 0.05) 5 ML ERBE Ak 280 4 32 R AIG T ARl I i 4
#(P<<0.05), MR RGN (P<0.05), {HZE LT RE 2R (P>0.05); Mi{N# b4 5 P, 34 10 2 P AL
T A L 2V T R B0 (P<<0.05).

232 24U REFole HE3BR: TS T, 02 T, i, KBEEFE (P, M1 Py KB EFRLT
TN AL A . B, SRR E (P<0.05). Ho T, 8f, P, 1 P, AbBEAY AR R P, 439 2
EREAL T 50.28% F1 38.74% (P<0.05), i FH 25 0] 23 51 i 3 FEAIR T 42.59% F11 28.70% (P<<0.05), B H
T BB E W N T 27.10% 1 21.55% (P<0.05); T, i, P, 1 P, AbFRAGA . B, FFE 0 B84 K
W P, BEFRIR T 66.86% F157.03% . 57.11% H143.16% . 60.94% 1 60.42% (P<0.05).

MK 2 8. TR, JIe0 R o ammn b, 255 40%, HALBREHEYA (P, F1P,) 3 P; 2
ERRALT BAEMRASBC LB (P<0.05); BUBTBEFR A E A A LU0 EE LR B INIROAR . it 25, B
TRBE AL IR A8 Py AR T B 0 FCAEAR (9 LU 9] (P<<0.05); BRFR4- SHAHML, 43 A K B/ N AR
PR, I 25, EHIRBEAL BRZA 5 P I P, 1 W KA T HAEAR Y L L9 (P<<0.05). T, B, &4
Be 76 45 41 23 He B AR 24, LA Bl b B 2 (%) 2600 TR 76 AR B9 L B 45 Py 24700 B 3 34 0 T 41.05% 11 28.85%
(P<<0.05); 375343 Bc b A5 PR 4 3984 850l K P AS [R5, JHG ALt Ak 32 A 0 4 B B 481 AR 11 /MR UK
M2, 0, EPEsE AR, b 2K, SRR A B B SR 5 o BCAEAR I LB 3 Py 43 ) B R
T 31.79% F1 30.86% (P<<0.05).

233 A4S HEARNMKE MEATI. T, WY, KL (P, A1 Py BEWINT BMZE M
PRBERAIHRCR, EMRMBERFIRCRITE Py T P, WM T 20.31%(P<<0.05). T, B, R#kabsH
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Figure 1  Effects of initial soil available phosphorus level on nutrient concentrations of Ph. edulis seedlings
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Table 3 Effects of initial soil available phosphorus level on nutrient accumulation of Ph. edulis seedlings

IR R (mg- #k7) ZEFR MR R b (mg- )
RIS WG A KR

P, 0.74+0.08b  0.0254£0.001b  2.53£0.07b  0.31+0.02b  0.013+0.001 b 0.89+0.03 b
P, 0.91£0.07b  0.0330.001b  2.82+0.06b  0.33+0.03b  0.015+£0.000 b 0.87+0.01 be

T P, 1.50£0.08a  0.046£0.004a  3.50+0.09 a 0.34+0.03b  0.015+0.001 b 0.78+0.01 ¢

P, 1.60£0.18a  0.047+0.003a  3.85+0.19a 0.63£0.01a  0.021£0.001 a 1.01+0.05 a

P, 1.5740.18B  0.073£0.009B  2.62+0.26 B 0.89+0.02C  0.048+0.002 B 1.49+0.03 B

P, 1.8140.06 B 0.093£0.004 B  2.61+0.18 B 1.50+0.19B  0.065+0.008 B 1.68+0.17 B

E P, 20120238 0.133£0.003A 279006 B 1.66£0.05B  0.066+0.003 B 1.48+0.06 B

P, 336£042A  0.160£0.016 A 5.08:0.62A  359+0.11 A 0.109£0.015A  4.03£0.32 A

M-SR R B (mg: #R) B IR R B (mg- #K)
AR WA A KT

P, 0.77£0.02¢  0.024+0.001 ¢  1.18£0.02b 1.81+0.10c  0.062+0.001d 4.60+0.09 ¢

P, 0.99+0.11bc  0.029+0.001b  126+0.04b  223+0.19¢  0.077£0.001 ¢ 4.95+0.08 ¢

T P, 1.16£0.07b  0.031£0.001b  1.2940.04b  2.99£0.08b  0.092+0.004 b 5.57£0.13 b

P, 1.4140.022a  0.039£0.001a  1.45+0.06 a 3.64£020a  0.108+0.003 a 6.31+0.28 a

P, 1.06£0.08C  0.042:0.006 B  1.14£0.16C  3.512024C  0.163£0.016 C 5.25+0.39 B

. P, 1.24£0.26 BC  0.059:0.010 B 1.03+0.17C  4.55:0.46 BC 0.216+0.022BC  532:0.51B

’ P, 202¢031B  0.058£0.005B 226+024B  5.69+0.57B  0.257+£0.003 B 6.54+0.33 B

P, 3.65¢038 A 0.111£0.014 A 4333054 A 1059£0.86 A 0.380£0.045 A 13.44=1.43 A

LT BUEPERRER . KONT FREHIFIR T AT, WA R Ak 2 i1 22 5 | 3% (P<0.05)
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Figure 2 Effects of initial soil available phosphorus level on nutrient allocation of Ph. edulis seedlings
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Table 4 Effects of initial soil available phosphorus level on phosphorus

utilization efficiency of Ph. edulis seedlings

5 " o KK ()R R FIFHRCR (g mg™)
SRR AR, AR R 53 H ik B A ZH 2 sy
PR KR . Cwkr R * "o R
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