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Growth, physiology and nutrient accumulation of Phoebe bournei seedlings
under different amount of exponential nitrogen fertilization

WANG Xiao', WANG Yinglin>, WEI Xiaoli', WU Gaoyin'

(1. Forestry College, Guizhou University, Guiyang 550025, Guizhou, China; 2. Huaxin College, Hebei GEO University,
Shijiazhuang 050700, Hebei, China)

Abstract: [Objective] The purpose of this study is to determine the optimal exponential nitrogen (N)
application amount for Phoebe bournei seedling cultivation, and to enrich fertilization measures for cultivation
of high-quality P. bournei seedlings. [Method] Growth, physiology and nutrient status of P. bournei seedlings
treated with 6 levels of exponential N rate ranging from 0 to 5 g per seedling were examined by pot experiment.
[Result] Seedling height, ground diameter, leaf area, biomass, chlorophyll content and root activity increased
first and then decreased with the increase of exponential N application, and reached maximum at 3 g per
seedling. Accumulation of N, phosphorus (P) and potassium (K) was the highest in the treatment with the
highest N application rate. The relationship between biomass, N concentration, N content and N supply
demonstrated that the nutrient uptake of P. bournei was characterized by luxury consumption in the range of
3-5 g per seedling. Critical value method indicated that the critical range of the optimal mass fraction of N and
K in leaves was 16.88—20.58 mg-g ' and 9.78-11.38 mg-g ' respectively, and the optimal N application
amount was 3—4 g per seedling. [Conclusion] Based on the growth, physiology and nutrient accumulation of
seedlings, it is recommended that the application exponential N rate of 4 g per seedling should be adopted.[Ch,
3 fig. 4 tab. 34 ref]
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B PP A AT X T 2 AR AR K B B S, BB S AR AN AN R AE T 5 R LA K
o AR R ARBT Y AR AR BTE RIS R B SR WO B R Y, Y A KRy
B ISR, TIMMER 46 FERRASH BT FR HNe 1) I A 58 56 a3 AR BOEIE . f8 50t it 2
3 3L HE I () 5 50 TS 0y =X AR ) 7 45 A I B AR RO i, BEEIX M E R L H IR
FoR VAR FRIEAE, JF HRE a1 8 S AR m AR B IR a0 S8 B0t IE i 07 RE S 4 v i A
T, HBIIN T2 Fp, R = Picea mariana® ', ¥2AK Cunninghamia lanceolata” . V4 g #E
Betula alnoides"" . Fi X 742 Picea x lutzii'"” ., [ 4 Phoebe bournei “A Vs & Sk e - Fh, & R 58 & A5
PRAPIEE SR B . 35 E 0BT AE M AR N TARES & 099 B LA, 1 0095 35 /8 B 52 M 1 A Jo 2 7 G
BRI . EAOGSEI IR SR AL h 30 me- MR B R T AR R A9 AR K SRR M a
REJI R4 . E AR RS T R NE N o0) [ fg 25 25 1 2B R TR FER R 52, 25 SRR SR
AU TREMRMEA SR, HHEERN 3.0 kg m™” B A AR K B, (XS5 )5 R
3 R D £ e 1 ;8 1 P i P 1w N4 T 7 N2 v A = N 6 P N L e )
ARERKBEAF, HXFR0 0T K WAAHR], 00 A o AR A LA > e it 1 1 RS A2 T
AR, XREWAEHINEE ., TeE0 ISR B AT E TR — My ek i IE ) =X, e A F o
B, R A ER X TR, Uit e 280G, ARy IR TS ERK
i, JENERHS AT B2 b e 7R AR LUE TR0 e, IRIF i AR NS FTREZ 3R 0 W, MRS R
A —F o FEAE AR R AT AR, B = i R A& ERE S fE dh AR S I AR K, TUHEE
I 5 LA RAFTESE R A, PRI I 0 A S R SRR B s R0 i, AEIESE LA 1 AR
LT R0 v S M A = A i o N [0 B2 I R A B e 4 0 Y (W W i D W 7 N S 4 0 T )
0T R 1 00 AR AR B DL R SR A BRI, SR AR A i . AR BT BRE R D A
T 22 [A] Y OC 2RI FUE VR AN A5 P T W i AR RO A 5, DU R A 7 v i ) A 4 Bk KRR R AT
REMEN, R RBREE R IR, 46 A BT S e s .

1 #MEE 7 *®

1.1 R

B A o AR IR B35 —800 1 AFEA SR, B (13.840.5) em, HBA22H (2.09+0.08) mm.
i) A7 Vi ok 5 22 oA K e WAL B . ek 4% 1 LB b)) TR -GS, LB b e i L3R 1, e
B R PR e BE K A A I, S SR 4 B 4 A A 200.000 g-kg !, T AR AL U (P,05)
200.000g- kg ', AAE (K,0)200.000 g-kg !, ZE4k (Fe)1.000g-kg ', #E4% (Mn)0.500g-kg ™', FEE5E (Zn)
0.500g kg™, &AM (Cu)0.500g kg™, i (B)0.200g kg™, 4 (Mo0)0.005g kg, EDTA 444 10.000g- kg ™',

F1 HEARLRERIEZEUMER
Table | Basic physical and chemical properties of the substance

\ vy KR o T ol T HR
W I+
R @ke)  (meke’)  (@keh)  (megke’)  (ekg)  (mgke)  (ekg) PH

1:1 1.0 1.5 62.8 69.4 2.0 5076.4 336.4 4.2

1.2 MRFE

FE 50 N I 2E R A BE v 1R FH R AT A 56 . AR 7 548 AN 1 48 20 em, T 15 em B ¥ KHAE
%, BRAEAEAN kg WAL, Wk (101, Biibb) IREITT. TR KIER KR, HAICHERDZ A6
SRS MR 3 A W), SR 4 RS FFRIEAL . A TN BRRN, g AR T, B2 sl 1k
oA AR R P K B AR 5 A AR K AR R A A KR A 738 2 R %

SRR Bt AR Rl e AL & . FRBOENEALEL N Ni=Ng(e™=1)o Hir: Ny ISR A, Ny H
it RE R B AR AR S 320> & &, TOMMEAE SR, oA B I A, A UE HAR S XS B CHEN 4§17
Fil USCOLA %1 {58

I URAT, BEYLHII 20 BRZI T, BE LR wIin A Y (1.281 g- B KPR A (5.165 g-kg™). B
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Table 2 Schedule of fertilizer additions by seedling age for P. bournei
Jl (g K )

ISl M (g B
4 5 6 7 8 9 10 11 12 13 14 15/
ck 0 0 0 0 0 0 0 0 0 0 0 0 0
N, 0003 0005 0008 0012 0018 0028 0042 0077 0086 0.149 0235 0.336 1
N, 0004 0006 0010 0017 0027 0044 0070 0.113 0.182 0293 0472 0.760 2
N; 0004 0007 0019 0014 0034 0056 0094 0156 0260 0433 0721 1201 3
N, 0005 0008 0014 0023 0040 0067 0.115 0.196 0334 0570 0972 1.657 4
N5 0005 0.008 0015 0026 0044 0077 0.134 0233 0405 0704 1223 2.125 5

1.3 I5HRNZE

WM, 0 TR 6. 9. 12, 15SAKRE, WEekEs&E, KB R BN ES
15 KRR, M is ., Mfs, mhmfl, e, R e sk, RN I L R0 i 4.

AW B AR TRy S e . BRI ACFRREALEL 3 BRTEAC, FIEAR R RO A2, K 0.01 mm; 4N
BRI E T, KE 0.1 cm; «ﬁﬁ%ﬁ%*%@%%ﬁﬁ?ﬁ%¢uw%%%mmm,%E7vt?
Mt 48 h BHE G FRT R, K 0.001 g; SRR AL BET (b AL 3o T iR G, R
SR Y B . B AR IE N E TR E ek e A . e, S e 5, PR LY/T
1270-1999 ( ZRMAEY) 5 MM TR T E A rk . . 8. 85, 86 8P B0 B G AR AL BRI
ED) o

2R R T S EOAR R G I - A BRBENLH 3 BRI A, RERRREICE 3. 4 e, Ak
B KB, FRRUN BN 80% NS 95% L BE 1: 1 IRAIRAEM F, R FHEEA0-RT DL 20606 5 )
FEM SRR TR A WU RR T ARARER, LB FKUE, SRATECR TCC e B AR &7 111,

R SR B A B E . RS ALBRBEALER 3 MR R, BRRIEECE 3. 4 RN, AR KB
BT ST 75 °C T UL 48 h EIER SR, W F2a . 2. S TESE, WE ik aeiks
530
14 HEZITS5HH

BHE R FH Excel 2007 ZbE, SR HH SPSS 22.0 #4724 55 i 2 PR3 #T -

2 HERESN

2.1 AEHFEHEREX L KISR0
H A 2 AR v e A . I AR A A K LSRR R R (3R 3). SXTIRAHLL, 5 ASHEAL AL BE

®3 AELLEBEEEEKER

Table 3 Growth indices of P. bournei seedlings in different treatments

AbE T E/em HiA%/mm T FH/em? HYrit/g ML
ck 18.20+0.78 ¢ 2.880+0.091 e 140.83+6.70 ¢ 1.923+£0.011 f 2.200+0.162 a
Ny 42.60+0.74 b 4.690+0.075 d 424.87+12.00 be 5.287+0.006 e 1.150+£0.018 b
N, 44.60+0.96 b 4.990+0.044 ¢ 472.22428.50 b 6.355+0.009 d 1.060+0.031 bc
N, 46.90+£0.64 a 5.430+0.050 a 657.39+38.70 a 7.114+£0.010 a 0.940+0.042 ¢
Ny 45.10+£0.32 ab 5.240+0.066 b 380.88+22.90 ¢ 6.758+0.010 b 0.880+0.043 cd
N; 43.70+£0.68 b 5.070+0.098 ¢ 287.67+4.40 d 6.699+0.010 ¢ 0.820+0.023 d

ViR B IR o IR [R5 Bl R [A]— i pn A IR A R 22 53 1. 25 (P<<0.05)
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R . MR . AR AR R BN 134.19%~157.7% . 62.9%~88.5% . 104.3%~366.8% . 174.9%~
269.9%, AIRIFACANIZ (8], Az K46 br Bl TE £ 20 108 in 35 2 BE RS BRARR Y, N; A2
L AR AL, AWk, B, rhm A AR E S HAE AR A B 2E B E (P<0.05). A
Aab 2 ok A R e L it 50t 2R et A 8 I T /N o
22 AEEHERENMHEERESBRIRRENHZIG

it AT T 4 s B AR AR R a FIHSRER b i 080, AFHEEUEIACRAN (B 1A), ME4E a, g
F b LIRS R RN BT R Ny, Ny Nyo Nso Ny, Ny ARHIIF4EE 2 54K b i g
SRR 16.532 Fl 3.641 mg- g !, 5 HABANIE S K 12 (P<<0.05). AR5 fem it A AL L A 2 R
b R ZERANRE (P>0.05), MiAEET 3 g b, MEEER a MR b FEM M THAE, KT
Ny Ny Zb 3 TR $5 250 20 Ak 23 ) AR 1 AR 3R 0% 1 AR BI/IMIRIR M N3w Ny Nso Noo Ny(l 1B), H
W, Ny AR R AR R R, b Ny AR BEES 1.33%, W 2ZE R AEE (P>0.05), N;. N, 4B {1
ARG AL, HHEERARE (P>0.05).

25 ¢ OM4EED OMfSika 4 r
a - B
L b =
~ 20 P 2 a
w -I— H ™ 3 orlEs
2ol i "
g N a an
%\\; b - S2r
10 - R
& hrct
= 4| W Lr
s
0 0
N, N, N, N; N,
%}E AL]\EE

I 2R 48 b NIRRT 2 5.5 (P<0.05)
B 1R AR T A AR R E

Figure 1  Chlorophyll content and root activityof P. bournei seedlings in different treatments

2.3 FEEGEREXY EEEM TR R E R

Jiti HEL AR S0 ) A i 2 A e R 3R Ay R R, R [RIAR BB AR LA ] (36 4). B 12 Az, &4k
L o) Al 7 4 0 e B 0 R A TR s 12 25, Ny bR oK v T b b B, HLAE
1S AR IR, 5 Ny N AbBi2E RN U0 i 4045 1 2500 20 i Ay 335 o B it AT 5y 34 m
MG, Ns APRR BT -8E 15 Wi, B m T HAMATE (P<<0.05). BEF540i & i it IE DB ) 15
T, AR e 00 O A S R R SR A, NG A R A R A O RO A B B Bt e T
fb b2, MRBERD 12 AT S5 R EME 2, B 12 FJ5 Ny Ab 35 i bk & i in R
WA, 15 RZ S8Rk SRR T Ny N, 4b3, =FH 2R 0% (P<0.05).
24 RERNSEHHEEYVEREEREZEANXR

HE 2 AT LVE . ARMENH 0~3 g bk B, M A E . AR E. AR AR L &
PR B IR RN TRy, BRI R 3 o bR, MM A ERLK,
7114 g K7, FRATHER BRIEWE B A KSR . AR T 3 g #R T B, R AR R R A B AR
B RUBR & AT N HLAk 25 5 W E KT (P<<0.05), RIAEFFRHABIR . IR0 o 70077 A B 30 7 KB
AR R TR S B PO GRS A A SR BRI
25 e EZESH

ol n L. L BT AU AR T R A A S AR RO L, W R AT LUE
PIE IR R (E 3). LA r f i KAE Wit 9 90% FHXT R 1Y 2 AN F5 43 T i 73 50VE Rl S
PR 22 [] B g SR BT, 0] e A i P 2R 0 3 B B U IO 43 B LU AL 1B 230 16.88
9.78 mg- g ' 1 1.86, il il FYL 4] 16.88~20.58, 9.78~11.38 mg-g ' 1 1.86~1.96., M F #f i & 43 %
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Table 4 Nutrient accumulation of P. bournei seedlings in different treatments

RO B (mg- g7") FEO R (mge BT
Bk e FEU A Ab AW (g )
ck 1.43+0.01 d 84+0.2d  0.47+0.07c¢ 0.64+0.01 f 12.05+0.44 f 0.67+0.10 ¢ 9.15+0.09
N, 1.59+0.02 ¢ 8.8+0.1d  0.57+0.06 b 0.79+0.01 ¢ 14.03+£0.17¢ 0.91+0.09b 12.54+0.09 ¢
N, 1.64+0.01 b 11.1£02 ¢ 0.62+0.09b 0.84+0.01 d 17.33+0.30d 1.01+0.14b 13.78+0.10d
6 N3 1.63+0.00 b 11.1£0.2 ¢ 0.64+0.04 b 0.94+0.01 ¢ 17.89+£0.28 ¢ 1.04+0.07b 15.34+0.07 ¢
Ny 1.69+0.02 a 11.2404b  0.65+0.03b 0.98+0.01 b 20.64+0.07b 1.10+0.05b 16.58+0.11b
N5 1.71+0.01 a 11.4+0.3a  0.74£0.04a 1.00+0.02 a 24.57£0.10a 1.26+0.07a 17.00+£0.09 a
ck 1.55+0.01 ¢ 9.8+0.1 ¢ 0.57+0.05¢ 0.68+0.01 f 14.22+0.14 f 0.88+0.07¢ 10.48+0.14 f
N, 1.95+0.01 d 13.0£0.3d  0.64+0.03d 0.82+0.01 ¢ 25.39+0.12 ¢ 1.25+0.04d 15.97+0.10¢
N, 2.23+0.01 b 13.240.1d  0.72+0.05¢ 0.89+0.01 d 29.41+£0.16 d 1.60+0.07 ¢  19.89+0.15d
’ N3 2.12+0.01 ¢ 13.8+0.1 ¢ 0.76+0.03 ¢ 0.95+0.01 ¢ 29.23+0.10 ¢ 1.61+0.06 ¢ 20.22+0.12 ¢
Ny 2.24+0.01 b 142+0.1b  0.82+0.06 b 1.06+0.01 b 31.86+0.11b 1.84+0.10b 23.81+0.12b
N5 2.3240.01 a 14.8£0.1 a 0.88+0.04a 1.12+0.01 a 3438+0.10a 2.04+0.06 a 26.02+0.14 a
ck 1.77+0.01 f 10.6+0.1 ¢ 0.66+0.06 ¢  0.76+0.01 f 1.88+0.01 f 1.17+0.10f 13.42+0.07 f
N, 4.22+0.01 ¢ 15.0+£0.8b  0.74+0.02d 0.90+0.01 ¢ 61.58+0.32 ¢ 3.1240.09¢ 37.78+0.04 ¢
N, 4.57+0.01 d 152+0.1b  0.82+0.02c¢ 1.00+0.01 d 69.51+0.32d 3.75+0.07d 45.91+0.15d
12 N3 4.61+0.01 ¢ 15.6£0.1b  0.86+0.03 ¢ 1.07+0.04 ¢ 71.88+0.29 ¢ 3.96+0.11¢ 49.16+0.11 ¢
Ny 4.93+0.01 b 16.6£0.2a  0.92+0.01 b 1.12+0.01 b 81.77+0.11b 4.53+0.06 b 55.31+0.10b
N5 5.08+0.01 a 17.240.3 a 0.98+0.03a 1.18+0.01 a 87.36+0.07a 4.98+0.12a 60.15+0.08 a
ck 1.92+0.01 d 11.4+£02 ¢ 0.72+0.04 f 0.78+0.01 e 21.92+0.32 ¢  1.38+0.08 f  14.94+0.09 f
N; 5.29+0.01 ¢ 152+40.2d  0.78+0.01e¢ 1.01+£0.03d 80.36+0.14d 4.12+0.04e 53.14+0.07 ¢
5 N, 6.36£0.01 b 15.840.4 cd 0.88+0.02d 1.07+0.03 ¢ 100.41+£0.08 ¢ 5.59+0.10d 67.72+0.04 d
N3 7.11£0.01 a 16.4+0.6 bc  0.94+0.01 ¢ 1.10+0.04 ¢ 116.67£0.10b  6.69+0.07 ¢  78.08+0.10 b
Ny 6.96+£0.01 a 16.8+0.4 b 1.04+0.02b 1.15+0.03 b 116.89+0.16 b  7.03+£0.10b  77.63+0.08 ¢
N5 7.10+£0.01 a 17.6£0.2 a 1.26+£.001 a 1.23+0.02 a 124.94+£0.11 a 8.44+£0.07a 82.16+£0.09 a
UEH: B P BIERE2E . RIS TR FRIR [F] — R bR AN IR Ab 3R] 22 7 1 2 (P<<0.05)
BSEYREMME R, (HRERMNE 3B WLUE —-— BEMEE — FHRESN - EVE
R R S A 5 R P M DL 5 ~ 140 ¢ s . 8 720
I AL ik 5 6 PR, R 7 1 W i o , ok |, 8
DM P, AR AR ORI R B4 M) R g Lo 02
J R R B0 S S 5 B w o § IR
T R T BTG 2R 3 PB4 B 24 24 1 34 S Y S P K
g B, G = R R MG L, PG ® o b0 s
- E T = = -1
PR AR N 3~4 g B WA (g B
3 Wb 54# AR CEPrE: a~d, REFEMEG i, Ak
i jon) FoREFEE (P<0.05)

AR 7 R 3R A BBy RO I AE A B2 L D
PR FROPROLA B T RABzmmEa T
ﬁ* E"J}ﬁ i e e E@iﬁ%‘%fm o %j‘i—tﬁx Figure 2 Responses of biomass, N concentration and N content of P.
Iﬁ] ME&%HBEZ: Iﬁ] s ﬁtﬂE{j(‘rj%j( EA s /f}}ﬂE‘ﬁEj: bournei seedlings to increasing N supply

SR I3 RRAS B AR ) s i 2, R S SR B 58 B2 DR R/ IR BE I AR R B9 A T B8 Jlid 5 P
AR T BON R BRI SE SRy, BliE RAFRYE TR, AV ETRECR, RESER MY U™ 2
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8 [y=—0.026 6x>+1.095x—4.465 3 8 [ y=0.135 8x>+2.993 5x—9.539 1
R=0.992 . R=0.989 o
=~ | P=0.007 ~6 P=0.018
s ES
) )
=4 =4 r
i) I
N e
#H2r H#H2r
A B
0 1 L ) 0 I 1 )
0 10 20 30 0 5 10 15
A%/ (mg-g™) MR/ (mg-g ™)
8 [ y=—0.195 5x>+4.449 3x—18.497 8 [ y=—17.569x*+68.825x—60.55
R=0.988 - R=0.989 :
6t P=0.011 =6t P=0.009
x x
=" ="
I I
Y Y
H2 H2
C D
0 1 1 J 0 1 1 )
0 5 10 15 0 1 2 3
M/ (mg-g™) MR

B3 HAGThAA>RESRS A EZRARSE £ R
Figure 3 Parabolic relationship of leaf nutrient concentration and biomass of P. bournei seedlings

Y E TR H 2 —CY, F8BOMNE LS W i AR 0 75 KAy 2O i AR A KR 5725, — e
JE EARF T AR KR . POKHAREL 482 B9 b e 50t N 2 Bt NE J7 =X 25 4 v i AR A=
Y NARR R SE AR DR T i AR, PR AR 1 AR A R DL R 37 43 AR R 52 )
SERIRW . N [FIFE RO U R TR A 1 2B A P S i A B i R R G 05 A KRR S IS BTG, DA 3 g
ARRIEL, MESHSRTESEGRARE IR B MYAA . 8. St = r g
i HE e v E AR . WL BT o R R it T o B B i SR A3 i mi g m, 5 ZHAO
AP XIPUAER SR 4 R 3k

YR EREFIHFERI N EY RAL, AR STEIE M, XPURHE Betula alnoides W48 5Uit AL B
FERW]: AN 100~400 mg- #k B RINEFRIEAE . AR EFEFRHFERIEMAE 3~5 g ' 4
Jit S et 7R ) 2B R T R T R AR A i A KA, R SR B E MM A K . LRKR Quercus
rubra®® it Z R 100 mg- ¥k, B AAZ Picea mariana™ JiH ML 64 mg- MR S N EEE . AR
Jit R e AL BRI A W B R BRI, ORI R 40 . VILLAR-SALVADORS? X4 Quercus
coccifera M Q. faginea WG WA LR B F2 7055 H NG, S DA AT A8 20 46 [ i 7 PN 19 3k SE B ) LA B0
M AE I R AR A oK

MR F 13550 & i SMORAE KRB VIFOC, BMAEFRS W F 245 R0, I FUE 2 A
F W o 7 SRR B T, B S IR SR . BURE T YR I S A A A5 LE ST R I Bk
JEJoEizWrh . AE b B A R A . B B E AU S AR R A B IO R, BB AL
Y BEMWA I FR, BRI E N R IR B KA, SO E ST I 5T 70 BUE DL K d5 3 i 2
., B Eucalyptus urophylla W' FR2 Wi 52 v i TR IR 2, BFAYIG SRk BEE AR 2B i B, 254
A PPl BT S B SR B A A L e A, RS P A RO 3~4 g bR AR A YR
I3 o S B B A DG R A AT WY« bt 0 2 10 ] PR A 1 R I R 3 0 B 38 R A AR . RS, BRI TS
ANAE A FR A BT L AR SR AR R e ™ AR, B TR R RE s, R SR
FEARFG A B I N, BRI, b T35 72 RS A0 v A B0 i P s vy i 2250 ) Al 1 A=
KAEFFEARTE 3 gtk AT RN AF, HFR R R RILL 4 gtk LT 3 g k', HEBA KA FHE
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