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Abstract: Fertilization is an important intensive operation for improving economic benefits of a Phyllostachys
edulis stand. To determine the amount of N fertilizer needed from practical and theoretical aspects, the effects
of N fertilization (at 100, 250, and 400 kg-hm™) on the production of winter shoots, spring shoots, bamhoo
stems, and diameter at breast height (DBH) of a Ph. edulis stand from 2006-2011 were measured using com-
plete randomized design (CRD). The Ph. edulis stand without addition of N fertilizer was the control. Each
treatment and the control had 3 replicates, and Duncan test was used to analyze the difference. The photosyn-
thetic pigment content and photosynthesis of bamboo leaves were also calculated. Results showed that 250 kg-
hm™ N fertilization significantly increased (P<<0.01) new bamboo production of winter shoots, 6.8 fold; spring
shoots, 2.0 fold; bamboo stems, 1.1 fold; and DBH 33.3%. However, no significant differences were found for
the 100 and 400 kg -hm™ treatments. After fertilization, the photosynthetic pigment content, light saturation

point, and net photosynthetic rate increased; whereas, the light compensation point and intercellular CO, con-
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centrations (C;) decreased, indicating that N fertilization raised photosynthetic ability. Among the three fertil-
ization level, 250 kg+-hm™ had the best effect on promoting Ph. edulis photosynthesis. Therefore, 250 kg -hm=
was the best fertilization rate for Ph. edulis stands. [Ch, 3 fig. 6 tab. 21 ref. ]

Key words: botany; Phyllostachys edulis; nitrogen fertilization; productivity; photosynthetic pigment; photosyn-
thetic ability
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2 B WAE T — KB B RITRN . MAC RN E BIRS AT MEE TRz —.
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AL T WL % B B, 39°35'51.75"N, 116°35'19.51"E, it A5 B AT AN 55 AR, 3
R, YRR 220~25°, HHEHILHATE, +J2JEREE 60 em D B, +4 pH 5.3~6.0, A LA 4.10 g-kg,
A ERAEE . WALHR AR 0.151 g-kg, 5.40 mg-kg, 80.20 mg-kg. VIR RS, AT
N 2 400~2 700 Bk -hm?, AEESS5H 1 EE2 B3 BEAT N 1L, SeA oA o RN, SRR AR Sy 9~
10 em,
1.2 REEigit

VEFE T M A5 AR I ) BAT S AR BRI AR, BB T AR 20 m x 30 m, X% T 2004-2011
EHEAT, LRE 4 DRRMEAKT, 50 (NEA R, ck), N1 & % & 100 kg-hm™) , N2 (jii &
ZF it 250 kg-hm™) Fl N3 (jifi /0 % it 400 kg-hm™), #AEH 3 - gb3, Jeifkedh 12 He, SEplEpLHES) .
Jit RE A 3t (2 55 o8 ) 0t T 401k — 8 (P20s) 125 kg -hm™ FI4A AL H (K,0)40 kg-hm?, JERLS R FE K
IRE (ER 46%), BENE A BERRES (& P0s12.1%) , #1IE R &AL (5 KO 63%), it IE B (8] S B 4E 1 5
A BAa), it e T vk SR AT s AR i

2006-2011 4F% 4k 3 AR JEI A, 76 2006 45, 2008 4EF1 2010 4 11 H R4 2 Hid & 57w,
1 2007 4 | 2009 41 2011 4F 3-4 Al &EH7 &, 7 0 T aWaH A, 10 7 A e 17
o 2011 4E 7 A N HI-8 A LAy, fERHAE e IR K R4 & (12~15 m) K& 4% (9~10 em) —E1y 1
ARLEFN 3 A BATAS 3 ARVE S INEAEAT, O TR A A Tl s . BRI 3 il HOR A B R
SYEORCAYERE, T2 O YR BEHLT, BUHOF P (AR S iz R 1 iy I 2 (o
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P8R 80% N IR 10 mL, ‘& T R WAL= iR T A€M 24 h J5 (FER 2228 E), 20 31 E 663, 645 il
470 nm AL EE D(A){E, #% Lichtenthaler % /ETT (1 Arnon YA THRM 2K a, MR b M E b
ZIRRE moas o = 12.72D65=2.59Dgis, m gz 1= 12.88Deus—4.67Dsz, m sy 1 5=(10 000 Dypp=3.27 m us e o=
104 m o5 ,)229,

133 Ak R#HEFGN T R LI-6400 #0051 (3 E Li-COR 24w ) P E B A7 1 6m b i £, Ot
% 0, 20, 50, 100, 150, 200, 250, 300, 400, 600, 800, 1 000, 1200, 1400, 1 600, 1 800
F12 000 wmol -m+s™, 4l RAEHT ]y 200 s, FFiHHICAME s SBAILS AR SOL A AR,

1.3.4 it o4 REEHE R A SPSS 13.0 47 Duncan #:56, % ] Origin 8.0 #1724 .
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21 REMEXENEF NN

211 RAKIEHFFBAHn 3 aWAELSREN . ARMIERRNREERREBNLHFAEIE,
7E N1, N2 Fl N3 i JE /K, &% 3 a =i i 34 E 405 b B w1 3.7 £% (P<<0.01), 6.8 f5(P<
0.01)F1 7.1 5 (P<<0.01); 5 3 a "t iy FE 405 L B2 5 7 1.5 4% (P<<0.01), 2.0 1% (P<<0.01) 0
1.9 £5(P<<0.01), Hv N2 F1 N3 it It K7 X 4 R4 4 7= S R I A B B 22 53 (R 1, % 2),

K1 ARAREREBKFEGHTEMMRZETE

Table 1 Yield of winter shoots at different nitrogen fertilization levels

Z 57 (kg-hm?)

st
2006 4 2008 4 2010 4 FHH
ck 397.5 £ 55.8 Ce 468.0 £ 47.1 Cd 526.5 + 63.8 Cc 464.0 £ 64.6 Cc
N1 2 305.5 = 87.3 Bb 2 104.5 + 88.1 Be 2 182.5 +73.9 Bb 2 197.5 = 101.3 Bb
N2 3672.0 £99.4 Aa 3 451.5 £ 156.2 Ab 3681.0 £ 78.2 Aa 3 601.5 + 130.0 Aa
N3 3723.0 £ 156.9 Aa 3949.5 £ 2103 Aa 35475 £ 96.8 Aa 3 740.0 £ 201.5 Aa

Yl NG P RROR ZE A P<0.05 KFF 257 B3 ; KRS FRRRZERAE P<0.01 K-F T 25T %.

®2 AEREREKEZHTENMRERTE

Table 2 Yield of spring shoots at different nitrogen fertilization levels

5 (kgehm )

Ak B
2007 4% 2009 4= 2011 4¢ FHME
ck 2 959.5 = 82.1 Ce 3159.0 £ 102.3 Ce 3046.5 = 79.8 Cc 3 055.0 = 100.0 Ce
N1 7 657.3 = 254.1 Bb 7 448.7 = 213.8 Bb 8 001.2 + 195.2 Bb 77024 = 279.0 Bb
N2 8 980.5 + 246.2 Aa 9094.5 + 301.5 Aa 9 648.0 £ 257.8 Aa 9 241.0 = 357.1 Aa
N3 8 605.5 + 269.4 Aa 9 463.5 + 309.4 Aa 8 953.0 + 400.2 Aa 9 007.3 + 431.6 Aa

YLl NG SRR 22 A P<<0.05 /KSR 228 5w 3% RS F R 22 A8 P<0.01 K-FF 22 5 il ik 3% .

212 RAEAE AT Z G Hm 2007 4 2009 4EF1 2011 48 7 J] T A xF i g0 4 b O B2 B AT E AT R A
FW), BERMACE BT AR g RN . 7E N1, N2 R N3 GAE KPR, 3 a A Z5 R0 M 42 X (8 20 51 1
XTHEIEHN T 9.5% (P<<0.05), 33.3%(P<<0.01)#1 34.5% (P<<0.01), Hirr N2 F1 N3 jifi it /K - i) V& A B i3 2%
(£ 3).
213 REAENAMZFeHm 2007 4 2009 £ 2011 4E )R A 45 R R, AR LR R &R
B BT R . AE N, N2 R N3 FEAE KT, AT 3 a 957357 4 43 0] Lo R T 0.7 i (P<
0.01), L.1f%(P<<0.01)F1 1.2 f5(P<<0.01), Hrfjg 2 Rt iK1 JC 2% 22 5 (R 4) .
22 FEHMBEXNEMHAXEGEERESBHNZMN

REMICIG, 1FEAM3IFABMCG AR TR E N, R ab WM. 78 N2 ji
JEAET, StGaREmEE, Hf 1 EABHGE a, HEER Db, TR (a+h) MK MR T
B HE o BRI T 19.6% (P<<0.01), 27.7%(P<<0.01), 21.7%(P<<0.01)#1 12.9%(P<<0.05); 3 4F4:F
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153 0 e X BEBE N T 14.0% (P<0.05), 29.7%(P<<0.01), 18.2%(P<<0.01)#19.3%(P<<0.05)(#% 5).
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Table 3 Diameter at breast height in new Phllostachys edulis at different nitrogen fertilization levels

fg4%/cm
Jb 3 X
2007 4 2009 4 2011 4 FHME
ck 8.71 + 1.32 Bb 8.16 + 1.61 Bb 8.43 + 1.31 Be 8.43 = 1.51 Be
N1 9.23 + 1.12 Bb 8.83 + 1.34 Bb 9.52 + 1.13 Bb 9.23 + 1.21 Bb
N2 11.23 +0.92 Aa 10.76 + 1.14 Aa 11.63 £ 1.22 Aa 11.24 £ 1.23 Aa
N3 11.55 + 1.02 Aa 11.11 + 1.32 Aa 1147 + 1.41 Aa 11.34 + 143 Aa
Yl NG P REOR 2 S AE P<0.05 KPP T ZER B3 KEFRERRZRAE P<0.01 KT 2250 3% .
x4 ARAREHEKEZGETEARIIHTE
Table 4 Yield of bamboo timber at different nitrogen fertilization levels
e Pkt =it/ (kg-hm™) A
2007 4F 2009 4 2011 4 FHME
ck 11 700 = 602 Ce 10 200 = 719 Cd 10 800 + 873 Cec 10 900 + 755 Ce
N1 18 563 + 568 Bb 17 738 + 610 Be 18 975 = 710 Bb 18 425 + 630 Bb
N2 22 688 + 1 115 Aa 21 450 + 1 007 Ab 23513+ 1074 Aa 22 550 + 1 038 Aa
N3 23 513 + 416 Aa 24 383 + 429 Aa 23 925 + 402 Aa 23 940 + 413 Aa
BN NG TR IR 22 AR P<<0.05 KPTF 2 5 3 KE P EERR 2 5778 P<0.01 KT 22 50 3% .
RS FARARFZHEKFEHETEMHRAGRERESH
Table 5 Photosynthetic pigment content in leaves of Ph. edulis at different nitrogen fertilization levels
ity AeFt PZRER o/ (mgeg!)  TFERE b/(mgeg)  MERR A (mg-g) MegFab  KEIE P ER/(ng-g)
ck 291 + 0.10 Be 1.01 + 0.09 Be 3.92 + 0.15 Be 291 £0.29 Aa 0.85 £ 0.07 Ab
N1 3.24 + 0.29 Ab 1.13 + 0.26 ABb 4.37 £ 0.53 ABb 3.03 £0.68 Aa  0.87 £ 0.03 Ab
VAR N2 348 + 0.17 Aa 1.29 + 0.09 Aa 477 £ 0.24 Aa 2.68 £ 0.15Ab  0.96 + 0.06 Aa
N3 3.34 + 0.22 Aab 1.30 + 0.09 Aa 4.64 + 0.30 Aab 2.57 £0.07 Ab  0.81 £ 0.03 Ab
ck 3.01 = 0.33 Abc 1.01 = 0.11 Be 4.01 £ 0.60 Be 3.02£0.56 Aa 0.86 £ 0.20 Ab
3 g N1 3.20 = 0.30 Ab 1.12 = 0.11 ABab 4.32 + 0.68 ABab 2.86 = 0.21 Aab  0.87 = 0.10 Ab
N2 343 +£0.27 Aa 1.31 £ 0.12 Aa 4.74 + 0.38 Aa 2.62+0.05Ab 094 +0.11 Aa
N3 3.11 + 0.24 Abe 1.20 + 0.07 Aab 4.31 + 0.38 ABab 259 £ 0.14 Ab 086 £ 0.11 Ab

VN NG FRRORZESRAE P<0.05 KPTFZEF B KEFRERZRE P<001 KT 22N RE.
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Figure 1 Net photosynthetic rate in leaves of Ph. edulis at different nitrogen fertilization levels
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fENL, N2 f N3 GEAE KT, 1 AFEAR 3 454 BAT B AMEZ S B R REAG, e i fn S A KOG &
MR E W 7 N2 B KRN, SRR AR R W, b 1 AR A BAT RO RS T
49.5% (P<<0.01), AR &S A K64 32N 43 B3 T 5.1% (P<0.05) #1 11.6% (P<<0.05); 3 4E4EF
P M BRI T 20.49% (P<<0.01), DB F S Al KOG & 3 28 2 0 35 i 17 9.0% (P<<0.05) 1 14.3%
(P<0.05)(#%6).

£6 FREAREWATEGETENARESH

Table 6  Photosynthesis parameters in leaves of Ph. edulis at different nitrogen fertilization levels

it Qb P H#h A/ (umol -m - s7) AR AN S/ (pmol - m=2-s7") I K6 A R/ (wmol - m?-s7)
ck 533 +32 Aa 580.3 = 10.7 Ab 173 + 1.1 Ab
N1 46.2 £ 3.1 Ab 590.9 + 7.8 Aab 18.6 + 1.3 Aab
AR N2 269 + 1.3 Cd 610.0 £ 8.9 Aa 193 + 1.2 Aa
N3 34.3 + 2.7 Be 597.4 = 10.1 Aab 18.5 £ 0.9 Aab
ck 442 + 2.3 Aa 590.1 = 9.7 Abc 154 + 0.5 Ab
N1 372 £ 1.9 ABb 621.0 £ 10.3 Aa 16.3 + 0.2 Aab
3k N2 352 + 3.1 Bb 643.5 £ 9.3 Aa 17.6 £ 0.5 Aa
N3 41.2 £ 3.9 ABa 616.4 = 11.5 Aab 17.2 £ 0.6 Aa

B ANEFRERRZRIE P<0.05 KT 2R RE; REFHERERTE P<0.01 KF T 2ZRR B,
232 RABIEH LA ALG RO Yo A LM 3 LB, R AR AT R
O H AL A, LR N2 RRKE T L R E RO IR E N3 K, ALY
HEA BREAIG, {ELR DA .05 T 00 8 (B 2).
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Figure 2 Cond in leaves of Ph. edulis at different nitrogen fertilization levels
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HFFEEHT 6 d, HFFIEER 10 d, WS N 2.2 510 ARSI A AU BL, B TR AL AT
(oL A ORI SR R o 3 AL b BRI RS AN, A RE G B A M A AbR o) S R B s, (R B
FRIFARCF BRI A= SR ARBPTOIRR M, RR AL AL BEAE W1 W 42 AT AT A e, (R B AT
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Figure 3 CO, concentration in leaves of Ph. edulis at different nitrogen fertilization levels

i, Hodr 2L 250 kg-hm™ {9 R AR SR AF (R 5) 0 X 54 RF SRR H A S IE A P S BTG A 6
o m U WA E R R 3 AR SRR IS S A A O C R, NI Z A R T
YL R A R, I EL & 32 R . Anderson S5 "OWF YR . AR E b S iR S R SR D R Jk
B 2 m A EEAER, A R T R GRe Ik S A EE ) 1 . AR E a/b 54 E a 9k
X, HETEXOEEEREA RF W7, i 2000 40 B RE A [ R HRE AR AT 42 3 alb,
Forp 2L 250 kg - hm™ jifi AE 7K SF- b B S AR G S R, X R] RS L AR K T BATOR A RE B i

R AL S 1 A4 3 424 BATI B0 A RE 0 B B3R, SRmbEE A E MR R, Jea a8k
s S BEAR . X 535 B AT S5 2 Morus alba 64 B8 J7 B i 11 2 o it A D00 B AU i AFF e 4 SR AR 2R, LD
PR AT il 5 et 5 e S X A A T S il A OGS R AR i R e A VR A R LI R AR AL
MWz, LR R AR AU mba/ER, B ILE R R A ZEN LG T
FEETCR ML W6 e o Heithold %5 "5 R W, AL R IE W & B/INZE Triticum aestivum 4 1E
W R, I B R B8 & FARE/NE o AT, YR 1, 5- B R AL IR R 1/
I (Rubisco) 7 B G P B S REAIG, BB A BB s ™, S E R AN S, MY 28 BRI
W2 fL A1 Rubisco 7 1 @ 2 10k, P o & s R 8 & 2 i, B R RSl S E R g R
5 5k 3 5D S RG] AP R R 43 B AR 0 6 W Rubisco X AR AL B Y R AL RE R, TR,
Jiti FIE G B0 A RE S I B AR 5 AL AE LR R A X

HAVE SR RN A RS R, AR R E RS TFHREERE Ry, AEXEEE
EMROLARE S B S, WA R FERA- RS, SEmMMEErr Fmmp gk, Wik, ZamH
56w 5O R R AR oA, BATARAE R M AKCEBL 250 kg-hm™ .
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