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Effects of mulching management on the internal cycling of nutrients in the

rhizomatous roots of Phyllostachys violascens
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Abstract; Although fine roots constitute only a small part of the biomass of root systems, they significantly facilitate the
uptake of nutrients from soils, and therefore play a very important role in the flow of energy and matter in the biosphere. The
nutrient cycle in fine roots is accordingly of particular importance in enhancing the nutrition efficiency of plants. However,
the internal cycling of nutrients in fine roots during senescence has, for a long time, been an issue of some controversy.
Moreover, fine roots are very sensitive to environmental stress factors, such as those due to soil nutrient and water
deficiency, temperature, and CO, concentration, which affect the characteristics and, in turn, the nutrient absorption and
utilization of fine roots. However, despite its important role in plant nutrition, the senescence mechanism of fine roots is still
unclear. As a bamboo species with high yield and efficiency, based on excellent regeneration of its shoots, Phyllostachys
violascens is typically affected by frequent and severe artificial disturbance. Although mulching management is commonly
employed in P. wiolascens plantations, in some plantations the practice of mulching and fertilization under intensive
cultivation management has seriously affected the health of P. violascens stands. The present study was conducted in order to

elucidate the mechanism underlying the deleterious effects of mulching on P. wviolascens stands and to provide theoretical
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guidance for the regeneration of degraded bamboo stands. We determined the N, P, K, Mg, Ca, and Fe concentrations in
the rhizome and the first and second rhizome roots of P. wiolascens plants subjected to three different treatments; respite
mulching ( mulched for 3 years and rested for 3 years), long—term mulching (6 years continuous mulching), and no
mulching ( CK). The results showed that, in all stands, N, P, K, Mg, Ca, and Fe concentrations in the first roots were
significantly higher than those in the second roots. Furthermore, there was an obvious internal cycling of N, P, K, and Mg
in the first and second roots, and the internal cycling rate of these nutrients in the first roots was significantly higher than
that in the second roots. For Fe and Ca, however, there was no significant internal cycling. With an increase in the length of
the trial, there was a decrease in the concentrations of N, P, K, and Mg and a decrease in the retranslocation rates of these
nutrients in the first roots. In the second roots, there were initial increases in the concentrations and retranslocation of these
nutrients, but these subsequently declined. Compared with CK, respite mulching led to significant increases in N, P, K,
and Ca concentrations, P, K, and Mg retranslocation rates, N, P, and K migration, and P and K internal cycling rates in
the first and second roots. Respite mulching also resulted in significant increases in the concentration and migration of Mg in
the first roots, and in the retranslocation rate of N and the internal cycling rate of Mg in the second roots. Furthermore, long
—term mulching led to a significant increase in N and K concentrations and N migration in the first roots, and in the N
concentration and internal cycling rate in the second roots. In contrast, long—term mulching resulted in significant decline in
P, K, and Mg migration in the first roots and in N, P, and Mg migration in the second roots, and in P and Mg
retranslocation rates and P, K, and Mg internal cycling rates in the first and second roots. Thus, it can be concluded that
there was an obvious internal cycling of N, P, K, and Mg in the first and second rhizome roots of P. wviolascens, and that
the first roots made a larger contribution to nutrient cycling. Moreover, whereas respite mulching proved to be beneficial for
internal nutrient cycling, long—term mulching hindered the absorption of nutrients, and reduced internal cycling, which was

detrimental to the growth and regeneration of P. wviolascens.

Key Words: Phyllostachys violascens ; mulched stand; rhizome root; nutrient internal cycling; nutrient retranslocation
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Table 1 General situation of stand structures and soil nutrient content and pH in Phyllostachys violascens forest under different mulching

management years

WIT S5 ot N
. Stand structures Soil nutrient content and pH
il LA ATERGH AR L 24
Experimental forest LT - STAT A% A \ELE A 4
Stand density/ DBIL/ 3a:2a:1a Total N/ Total P/ Total K/ pH
(JTHk/hm?) e Age structure (mg/kg) (mg/kg) (mg/kg)
L HI| 7 26 LA s
b EE'.WVF 1.67 3.63 1:0.72:0.69 1.81 0.82 7.67 3.27
Long-term mulching stand
T O L2 S
ﬁ(%ﬁﬁmfﬂ AT 1.86 4.19 1:0.96:1.01 1.89 0.79 8.45 3.52
Respite-mulching stand
BT 1.2 4.53 1.0.68.0.61 1.55 0.54 7.75 3.72
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Table 2 Nutrient concentrations of rhizome and different root order under different mulching management years(mg/g)

iﬁﬁemal Qﬁﬁm Wi i N P K Mg Ca Fe
forest hizome Toots Sampling date
NE R 1 9R 2013-06-12  11.16+0.37b a  1.14£0.05ba  7.21+0.82b a  1.44+0.16aa  1.42+0.08b a 2.21£0.14a a
Non mulching stand 2013-06-19  9.55:0.66b a  0.85£0.09h ab 4.0120.34b b 1.3120.08ab a 1.51£0.13b a 2.160.09a a
2013-06-26  9.31£0.58ba  0.76+0.09h ab 3.274¢0.37h ¢ 1.29+0.12aa  1.45+0.11b a 2.14+0.03ab a
2013-07-03  9.1120.89b ab 0.71+0.05b b 3.15#0.35h ¢ 1.25+0.14aa  1.47+0.16hc a 2.48+0.23a a
2 i 2013-06-12  7.41:0.46¢c b 0.91£0.07h a  4.62+0.30b b 0.74£0.08a b 1.28+0.10ba ab 1.210.13a b
2013-06-19  8.80+0.46b b 1.17+0.08b a  6.880.71ba  0.60+0.03b b 1.33+0.07a ab 1.32+0.05a b
2013-06-26  10.11£1.20c a  0.62+0.04b ab 5.80+0.42b ab 0.75:0.08a b 1.25+0.14b ab 1.1940.10a b
2013-07-03  9.12+0.87c ab 0.75£0.05b b 6.10£0.48a b  0.62+0.04a b 1.27+0.11a b 1.25+0.07a b
g 2013-06-12  8.15:0.91b b 0.99+0.06c a  4.26+0.67h b 0.39+0.04b ¢ 0.92+0.08a b 0.1320.02a ¢
2013-06-19  9.34x0.57ba  1.14+0.08ha  6.10£0.74ba  0.47+0.04b b 0.92+0.10a b 0.11+0.01a ¢
2013-06-26  9.70+0.68ba 1.21+0.14ca  6.82+0.52ba  0.49:0.03b ¢ 0.87+0.04ab b 0.12+0.02a ¢
2013-07-03  9.74+0.91ca 1.28+0.16ca  7.500.82ba  0.52+0.04b b  0.88+0.05a c 0.17+0.02a ¢
KFEAE RS 1 JR 2013-06-12  14.11=1.1laa 1.68+0.13aa 11.35#0.79aa 1.51+0.13aa 2.02+0.19a a 2.1520.17a a
HENH 2013-06-19  12.53%0.73aa  1.33+0.11aab 7.39£0.81ab  1.37#0.15aa  1.92+0.21a a 2.39£0.21a a
Respite-mulching 2013-06-26  12.15¢1.34aa 1.05£0.14a b  4.75x0.52a ¢  1.32¢0.1laa  1.9620.18a a 2.44£0.25a a
stand 2013-07-03  11.61£0.94ab ab 0.99+0.12ab b 4.35£0.33a be  1.29+0.15aa  2.05+0.23a a 2.43+0.06a a
2 iR 2013-06-12  9.500.13b b 1.43+0.95a b 9.074¢0.52a b 0.73:0.03a b  1.400.16a b 1.18+0.08a b
2013-06-19  11.84x1.23aa 1.89+0.79aa 10.87«1.17aa  0.87+0.09a b  1.35£0.04a ab 1.25+0.09a a
2013-06-26  12.66x1.41ba  1.28+0.10ab  7.41£0.91ab  0.58+0.04b b  1.39+0.08a b 1.22+0.13a b
2013-07-03  11.53%0.78b ab 1.00+0.08a b  6.130.66a b  0.61+0.06ab  1.30+0.07a b 1.20£0.07a b
i 2013-06-12  11.11:0.90a a  1.8040.16aa  5.11x0.33a ¢ 0.62+0.04a b 0.900.07a be 0.14£0.01a ¢
2013-06-19  11.63«1.12ab a 1.92+02laa  7.9940.68ab  0.69+0.08a b  0.97+0.06a b 0.16+0.02a ¢
2013-06-26  12.78x1.4laba 2.313+027aa  9.691.02aa 0.70:0.05ab  0.96+0.05a c 0.15+0.01a ¢
2013-07-03  13.03:1.25ba  2.41%0.18aa 10.63%1.14aa  0.80£0.05a b  0.91+0.03a ¢ 0.17+0.02a ¢
KiEEs 19U 2013-06-12  15.121.35a a  1.04+0.07hc ab 8.41+0.73ab a 1.25+0.16b a  1.48+0.07h a 2.05:0.16a a
HRK 2013-06-19  13.531.35a ab 0.81+0.06b b  5.7740.64b b  1.18+0.13ba  1.63+0.05b a 2.100.18a a
Long-term 2013-06-26  12.73x1.22ab  0.78+0.09b b  5.2+0.63ab  1.15£0.10aba 1.52+0.14b a 2.36+0.22a a
mulching stand 2013-07-03  12.09+1.18a b  0.72£0.05b b 4.92+0.34a b 1.14£0.07aba 1.61£0.12b a 2.39:0.07a a
2 iR 2013-06-12  11.32+0.89ab  0.71+0.05¢ b 5.24x0.60b b  0.73:0.09a b 1.28+0.08h ab 1.09+0.06ab b
2013-06-19  12.58+1.33a b 0.94+0.13bc b 7.5340.45ba  0.80£0.09a ab 1.33+0.07a b 1.15£0.13b b
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forest thizome roots
2013-06-26  14.14+1.51aa 0.72£0.08b b 6.42+0.55ab ab 0.65+£0.07ab b 1.29+0.10b ab 1.11£0.05a b
2013-07-03  13.67+1.27ab 0.83£0.04bb  6.68+0.72aa  0.66+£0.06a b  1.31+0.06a b 1.03+0.06b b

P 2013-06-12  13.12+1.17a ab 1.4420.09ba  5.42+0.45a b  0.45£0.04b b  0.79+0.02b ¢ 0.09+0.01a ¢

2013-06-19  14.23+1.24aa 1.62+0.14aa  6.62+0.71b ab 0.48+0.03b b 0.88+0.04ab ¢ 0.08+0.01a ¢
2013-06-26  15.31x1.44aa 1.72£0.13ba  7.16+0.51ba  0.49£0.05b b  0.75:£0.03¢ b 0.10£0.01a ¢
2013-07-03  16.30+1.38aa 1.76£0.16b a  7.90+0.83b a  0.51+0.04b b  0.79+0.05b ¢ 0.10£0.01ab ¢
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T A E TR TARBE A, 1 ELAS [RI AR AEAS [R B [8] B () 95 40 iR RS ORI AE 22 57
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R 4 WA, SR E TR 1 SR K BRI R K, P IRZ N Mg 5e/)h; 2 R, AN 35 F7 AT A
H P ER, N K IRZ Mg i/, KSR 36 2 B TR P>K>N>Mg, K 56 25 5 T8 N>P>K>Mg,
AH R MR 26 28 B AR BR AR PTARHEAR N P K Mg 93RRI R AR o 1 AR B3 & T 2 R,

53X BRI L R SR AR 55 2278 W P s TR AT 19U P K 2 9 P K Mg 1525 TR IR
X1 2 PR N TR 5 B R 21 00A W Wl 52 s AR M A 25 2808 B W 54 i TR AT 1 9 2 SR
N BT AR R (H B TR T 1 BARA 2 PR P K Mg FFE PG R 16 2 S 26 W AR 78 55 205 %
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TR APl 7 75 228 TR AT AR 2

£3 TRANKMBZLEFEREMHERFSIBIEE (mg/X)

Table 3 Nutrient retranslocation rate of rhizome root under different mulching management years( mg/d)

1 244 first roots 2 IR second roots
FEE DR Sk KI5 USiS%F K T
IR TS MBI GIRIR GEER RREETHE SEEIE GEEITHE
. png Non mulching Respite- Long-term Non mulching Respite- Long-term
elements times
stand mulching mulching stand mulching mulching
stand stand stand stand
N F2k 230.00+21.35a a 225.71+24.64a a 227.14+£19.86a a 138.57+12.45b b 182.86+16.62a b 111.43£9.41b b

3w 34.29+3.66b b 54.29+3.56b b 114.29+10.31a b 204.29+12.56b a 227.14+20.45a a 248.57+15.78a a
RN 28.57£2.51b b 77.14£5.43ab b 91.43+7.68a ab 118.57+12.21aa 120.00+10.56a a 117.14£10.53a a

P %2l 41.43+£2.11ba 50+3.77a a 32.86+1.75¢c a 32.86+2.46a ab  32.86+4.10a b 25.71+1.89b a b
%3k 12.86+0.88b b 40+2.58a b 4.29+0.44c b 75.71£8.06b a  102.86+9.65a a 41.43£3.93¢c a
%4l 7.14£0.56b b 8.57+0.64a b 8.57+0.92a b 21.42+1.35b a 45.72+5.11a a 12.86+1.04c a

K 2 457.14£34.22b a  565.71+43.54a a 377.14+26.87c a 128.57+13.62a b 102.86+8.73ab b 121.43+7.59a b
%3 105.71£9.46b ab 377.14+23.52aa  81.43+x4.37bc b 151.43+11.76b a  360.00+30.74a a 154.29+11.42b a
4w 17.14+1.66b b 57.14+6.23a b 40.00£2.35ab b 122.86+10.57b a  260.00+24.38a a 102.86+9.75bc a

Mg 2l 18.57+£2.00ab a  20.00+1.82a a 10.00+1.24¢ a 12.86+1.41a ab ~ 10.00x1.14a b 4.29+0.37b b
%3 2.86+0.34bc b 7.14+0.83a b 4.29+0.37b b 21.43+1.66b a 35.71+2.78a a 18.57£1.94c¢ a
%4 5.71+0.47a b 4.29+0.51a b 1.43+£0.18b ab ~ 17.14x1.54a a 14.29+1.56a a 2.86+0.31b a

T ] 7B 3R S [ Pt R 5 28785 A MR VAT ) BORE e 1] [R) 2R AR ] BG4, I T 7 B 75 () okl 7 5 420 785 4 IR A7 oA i) BEORE s ) A )
FARME LA, HR/NE FRERIR2Z S AR RIE (P>0.05) A F/NG FREFRIR 2 5 5.3 (P<0.05)

R4 TRANBESLEFRETHERFED NBELRE(%)

Table 4 Nutrient internal cycling rate of different root order under different mulching management years( %)

i%jime roots Etzﬁ;ffnemal forest N P K Mg

1 4R N TR 18.37+0.56ab a 37.72+1.45b a 56.31+3.76b a 13.89+1.04a a

First roots KRR B LTI 17.72+0.89b a 41.0722.11a a 61.67+3.16a a 14.57+1.89a a
I G 208 TR 19.38+1.21a a 30.77+0.78¢ a 41.50+2.33¢ a 8.80+1.02b a

2 gl AL T TR 15.52+0.55b b 21.98+1.23b b 14.29+1.32b b 8.11+0.69b b

Second roots RFR B S 2B R 15.26+1.11b b 24.48+2.63a b 19.51%2.13a b 10.96+1.46a b
K078 25 28 T Ak 22.08+0.63a a 16.90+1.02¢ b 8.2120.63¢ b 2.74%0.11¢ b

T - B R R AN R MR b 7 5 20 B AR B TR TR R AR [B] LU %, ) T 7 B 2 s A [ Mk b 7 55 28 B AP BR TR PP MRS [T AR [|] LR 858 5 AR R/ NE Bk 3%
INEFRARE (P>0.05) , AF/NG FERRR 25 835 (P<0.05)

TPV AAR TS WIEA T ST CIF R T 20 Z24F | I DC T35 0 AR R LTI 2= 500 A e, H i 2800 it
FEFINN , FR5r AR SRR A8 17 37 s P55 11 488 0 75 008 PR R FH 30 10— Fh 1 FRAR B HILAR 0 (H A BF 5T
FHIAHX AR R ZEHRD 0 —ANFEE . B TF R M 4IRR 35 5> WG R 1A 7% 22 B0 2R HL g
AR FIFEANAR F52 43 B 10 T 2k 047 ), DR e FL 8 SR 2 S AR A3 (R S ), TSR 6538 A mT Sk iR (A e
ATIFERG AR BTl 7 25 1] kb 1 o 20 B PR A X 55 43 N R s e, 45 SR R I, & 00 B A MR AR
N.P K Mg.Ca Fe ¥ BAR A 1 FRE T 2 R (K 2), X5 Guo 5 X MHA (Pinus palustris) AR
WFFELEFARL X Fh TR0 73 WO Jm 5 AR i A= FRACEIG 2l i 55 A ¢, 38 A: BRGNS S G Y 2H 21 (AN 2 (it
F JERUZ ) SR B e 0 SEAT 1 SRR NP UK Mg 3743 P90 2 556 15 HL 50 o8 1) 97 40Tk B AR —
B, ULIAAR 5 5 53 PIOE R AL R], B0 35 50V J3E 2 5% Wi 7 P W36 1) Jl B2 PR 3R 20777 A v 1 9 40 ik
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JESR IR0 WSO e 2 R AU 1 GRS AR R IR IR IR I TTRREC R LA, 0 A 1 f)
GEFH I A B IR IR] B 5 N AR PR B S EE 2 DRI AR 3R 3 PO 2 T 6B 5 A0 AR A5 i b 2% DIDARL DG, 1T
— AR AR AL, R AT AR A B 2 AR IR A3 R R 5 AR 75 i B3R 3R BE i D) G R R
HARAR ¥ A5 ] RE AT R AR IR 2> IR EE B . SRR AT MO R R N P K Mg IIER R L
TERRAFEARKZE S X BE S IR I0R A B RS PSR 554 5%, T Ca Fe AETEM A NTERR, /I BES Ca,
Fe TEAEPIVR N & LIRS E (L S P TB RAFAE Y, B a2 I RepE A 06

KT IR BRI PR ICECR TN | 22 O 54 R S 37 0 FEOSCRAB D0k s B SR A R A —
sl AL 0 BT o B AR SR ALK AR P Mg FR 53 P PR 32 24 B A0 AR 3% 43 JBE 14 A T R A1, P
RV 1077 5 W B IR Ay RSO B i M 25 2R, RS A8 WAk LR i e 1
HERR AL T 4 AR R T R B R U S VR AR RS s SRR TR R 3R 0 N R
B, WL R > N IR R AN SR A 0 e BT 3 A S8 ) — Rl i 107, -t S AR A % 3 R 100 22 S ) — T 2 R 2R
FORE A A 2 AR AR A 3R 5 R 1 L R R HEAE ) B A A B 3R RS | T A
WIS RS I < TR PR W OGFR I PR s U AR AR AR R IR A I R R ROR Y L IRk IR UM
B 2B MM T 19U P K A1 2 PR P K Mg IFR5F NIRFRA X 5 I BRI P BT R4, 490 TR R
16 3, SEATRSOR 53 FIFR 3 A RE J1 KOG AV FIHGSE IR T 41 R4 C BRI SR T AR A2 AT
TR HE R P il P57 s, < PR R, MK 56 2208 S AT AR L e 4578 7 ol N T R IR R ) R
SR BT B R T AR TR R AR AR 2 U AR BR K AL A W R AT, TN L AR
FHEATTC AP 2 ARHE A BROK AL A, B 2R AR TR ) R W, e D S SR e B b o R
IR B B 7 T ISR P Mg ST RS R e P K Mg BB IR FEAR . X UL LU AR IR 0 56 B
ERR IR RS AP IR S R, AN B IR 75 i , L D5 B 2 ) AR SR 20 e A2 1 2 S DR 3K 2 DR AR 5 2%
PFB BRI At A

T ATHEMR P AFAE N P K Mg BIF770 W3R, Fe ,Ca WAEPRANIIE . AR i 208 AR FREE AT AR EMA L 1 2
MRFRIP RS> NIRRT 2 PR 1 GURTR I 1T B 8 3 B I 8] 4 S8 117 A1, 2 SR R B SE T
JE RS MRHAT o 288 X TR ATHERR 19 FR /0 B A AR AL R TN R AR 227 A — S YR,
IR SR 22 B AR AR R T I ATHIAR IR L AL AR AN NG IR 5 TR AR SR B ER , T AR
Mo 2 AR R TR PTHIEAR AR 3 IR A (SR BRI T AR R A IR O IR R AR AS R 8 TR R
Feor WNAEER . ARIR AR 52 2258 A T AT SR 20 O BRI A, ISR i 22 B BELAG 17 MR R 37 0 - A
WA AEIR , AR T35 A7 B AR A R
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