a1 HHoH IO A 2 4 (SR B ) Vol.47, No.2
2023 43 H Journal of Nanjing Forestry University ( Natural Sciences Edition) Mar. , 2023

18] 4% 7t BE X 42 7 Hp ik Ak A5 4K F0 47 o 25 74 B 2 M
RS 3 BUSERELE B UEL TR GRK Y E

(1LBERMAFENFR B BN 3500022 BZMIERBYATRERIARAFEFO,BHE BN 350002;
EHAFOEAMAY,EE JRE  353205)

WE[EN]HEAFARERREEEMER LR LA NP B AP BAREK M HERGBE, [FE]E
WEAFEDERAG O FE LR 22 WY RKATARFRE 9 JedrvE i, KA E 2R 5% T 3847 B & A0
By e IR 30 1A AR 4R ¥ 5% 0 12001 500 A0 2 250 #/hm® N B A & 4 0,100,200 g/# , P JEH#EF & % 0,250,
500 g/ Ak, EENM4a, [ERIFFEKEERNP PEAENVARGEKYHFEE, FTRERGRYTFE
HYHRMFHMEEKARATH, ZNFELSRATELENGFEREZ R, NEKAEM P IBHEH &Y
AMFHPEHZKTHE N, FRNPEEAENZRAEE, FRAKRYTERNFHERMSRYELA
2R NPRHEAESTFTAHERMBREED RN, FRAZSEASAERERNEFCLE, EREAT N,
PRERAERRIMPERENELERS, RARKRYZTERZZ MY AAEMN BEHME, T 1 200 #/hm’ f&
BWHEETAKEMEMERS,1500 12250 e/ hm* R Y FETHRERERGNFTELEMHE, BATHNE
R EREHES K FRAAEH UM BN, AT P REABEERATFEM B BN EEER K
HKEREAT, [FR]HEGT NP ERERABR, ZEAENY R RRE KM HERN T HE N B E,
BRI AR F R E YR KEM RS, T NP AR FEK AN,

PSS 35 Ry /% R RV R b W i =¥ )

HES %S .8753.5 MERERRRAD A FRFIE (FIRARS ) #RIRAS(OSID)
S E 45 :1000-2006 ( 2023 ) 02-0070-09
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Abstract; [ Objective ] The effects of different thinning retention densities and different ratios of N and P fertilizers on
the growth and timber assortment structure of middle-aged Chinese fir ( Cunninyhamia lancelata) forests were analyzed.
[ Method ] Nine standard plots were set up in a 9-year-old Chinese fir plantation with 23 site indices at the Yangkou
National Forest Farm in Fujian Province. An orthogonal experimental design was used to carry out matching experiments
of thinning and fertilization. The thinning retention density was 1 200, 1 500 or 2 250 trees/hm’; the N fertilizer
application rate was 0, 100 or 200 g per tree; and the P fertilizer application rate was 0, 250 or 500 g per tree, this
experiment lasted for four years.[ Result] The results show that different thinning densities and N and P application rates
had no significant effect on tree height growth. Different thinning retention densities had a greater impact on the average
DBH growth of Chinese fir forests, and revealed a significant difference between the minimum density and the maximum

density. The application rate of N fertilizer and P fertilizer had little effect on the average DBH growth of Chinese fir forest,
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and there was no significant difference between different N and P application rates. There was a significant difference in the

average volume increase per plant among different thinning retention densities, and the application of N and P fertilizers

had little effect on the average per tree volume increase. The increase in stand volume among stands of different densities

was not significant, but higher levels of N and P application rates could promote a significant increase in stock volume

increase. The low thinning retention density significantly affected the large-diameter wood yield, and it was highest under

the retention density of 1 200 trees/hm’. Higher yields of medium diameter timber were obtained at retention densities of

1 500 and 2 250 trees/hm’. A high level of N fertilizer application promoted an increased large-diameter wood output,

while a high level of P fertilizer application promoted an increased medium-diameter wood output, but the result was not

significant. [ Conclusion]In general, compared with the application of N and P fertilizers, the effect of density regulation on

the growth and timber structure of Chinese fir middle-aged forests is more significant. The lower forest density is key for

cultivating large-diameter fir timber, and the effects of N and P fertilizer application require long-term observation.

Keywords : Cunninghamia lanceolata ( Chinese fir) ; thinning; fertilization; middle-aged forest; wood species structure
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Table 1 Physical properties of soil in the
experimental site

it e +JZ/em soil layer
physical and
chemical property 0~10 =210~20  =20~40

=R == =N
BRI mm 52.61£1.92  52.19+2.34  105.50+4.59
max holding water
E AM :P =N
AT/ mm 45.66:3.12 43212321  88.78x6.21
hairy tube holding water
=) == =N
UMK R /mm 31.93:337 28935335  61.19+4.64
min retentive capacity

A >
BRI % 6.85:3.60  8.45:470  8.29+2.79
non-capillary porosity

- 1t B i /0
{E%L%‘E/,/” 45.57+3.12  43.08+321  44.39+3.11
capillary porosity
1‘7’;‘ ’: [ /0
- }L%E.//” 52.41£1.92 51.53+2.34  52.69+2.29
total porosity

78 3% o3
i%f”?*/(g em™) 2.66£0.15  2.68:0.10  2.87+0.14
soil density

AL . -1
N/ (geke™) 1.57£0.34  1.42:032  1.020.21
N content

A EL deo !
P/ (goke™) 026:0.04  0.25:0.05  0.2640.05
P content
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Table 2 Regression fitting results of tree
height and DBH
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Table 3 Proportions of timber typ

e in different diameter classes

#Fh R /% diameter class ratio
timber type <6em 6em 8cm 10em 12em 14cem 16em 18 em 20em 22cem 24 cm =26 cm
Fibt fuelwood 100 30 0 0 0 0 0 0 0 0 0 0
INEEAR small wood 0 70 100 60 10 0 0 0 0 0 0 0
/NEHE small diameter timber 0 0 0 40 90 100 100 40 0 0 0 0
14244 medium diameter timber 0 0 0 0 0 0 0 60 100 100 65 0
KAH large diameter timber 0 0 0 0 0 0 0 0 0 0 35 100
RN TR B EGER 91H582 25 SOk [ 7—8 ] FMGr B b i

(7718, 303 A R A B 45 4 R AR RO, 73 31l 45 RS
B IR ) AR RUAS B (/NAA) THEE A b1 Rl ik b

107°D+1.672 443 05x107°H;
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Table 4 Various thinning and fertilization treatments, nutrient status and eco-stoichiometry of each sample plot

s, MACE/ (g b))

FoEa/(gkg")

e

ﬁi’%ﬁ (#f-hm™2)  fertilizer amount nutrient content eco-stoichiometry
: S , p= 5
No. rzt:;'::; " N P ﬁj}&% éﬂfk %fi C:N C:p N:P

1 1 200 0 250 16.12+3.55 1.24+0.33 0.23+£0.08 13.30+1.62 75.74+23.18 5.58+1.18
2 1 500 200 0 13.06+2.51 0.93+0.08 0.24+0.03 14.36+4.08 57.43+19.70 3.94+0.29
3 1200 200 500 17.05+2.53 1.37+0.19 0.25+0.02 12.44+0.17 69.35+13.82 5.56+1.04
4 2250 0 0 22.08+2.92 1.73+0.23 0.30+0.02 12.82+1.14 73.59+5.90 5.77+£0.56
5 1 500 0 500 18.39+7.28 1.30+0.57 0.28+0.02 14.70+1.64 66.23+24.35 4.71+1.97
6 1200 100 0 15.25+3.11 1.13+£0.36 0.32+0.01 14.18+2.22 47.12+10.24 3.50+1.14
7 2 250 100 500 15.64+3.86 1.13+0.36 0.25+0.01 14.36+1.53 61.58+13.14 4.42+1.26
8 1 500 100 250 16.37+2.89 1.19+0.30 0.24+0.02 14.30+£2.96 67.20+9.71 4.93+1.30
9 2 250 200 250 25.47+1.32 1.78+0.30 0.21+0.07 14.74+2.86 129.37+33.58 9.51+3.80

2.2 EMRFEREXNIZAPRRERKENEREN
A1)

Xf 3 A [E] A M U AZ R i A AR v L ERORR A AR
MERE K EH TR 4R (RS &
W, B AR AR B KR 2,32 ~3.80 om, B 5 4F 2 34
Kty 1.48 ~2.33 m, LR M BUAE B35 K 5 oy
0.064 6 ~0.138 3 m®, & FLEHAFE H 14 K 135.23~
169. 54 m*/hm? (% 5) . H v, [0 £ 0% B 2% B2 4
1 200 ¥&/hm* N & K 200 ¢/#k . P AE =K 500
g/ MRACEIT 1Y 3 S AR AR & A | Sk b AN
R G 5 45 Sy e R, R AR B AL B IE B B 1Y
NP ATt & BE % A 2L A2 A i AR A 1A v
e AR R R TR SR AR b 25 R 1Y
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R R R ) 0K 2880 38 4550 07 0 i A 3680 1 %oF 42 A
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S0 1200 1 2 250 Bk/hm? 4b (6] 77 7F i % 2%
5(P<0.05), N AEAT P AE it F 2 X A2 AR B 22 1
SEME/N, 5 NSt F &2 BE A% A2 1E A2 K b i Ak i
e (AR 22 ROR B, BN 1200,
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Table 5 Growth of average DBH, average tree height, single mean volume and accumulation
B 5 AEAy D/ H/ Vippe/ Vi/ Rt 5 Y D/ o Vg Vi/
sample No. year cm m m3 ( m3 hm™2 ) |[sample No. year cm m m3 (m?- hm 2 )
2017 18.47 16.10 0.221 8 242.16 2020 20.53 17.37 0.292 4 443.35
2018 19.74 16.89 0.263 9 287.39 JESis =y 3.25 2.03 0.106 1 161.55
1 2019 21.02 17.67 0.311 1 339.60 2017 18.31 16.00 0.216 8 251.26
2020 21.88 18.19 0.345 5 377.39 2018 19.44 16.70 0.253 5 294.28
iy 3.41 2.09 0.123 7 135.23 6 2019 20.72 17.49  0.299 7 348.51
2017 18.36 16.03 0.218 4 331.81 2020 21.93 18.22 0.347 6 405.15
2018 19.41 16.68 0.252 4 384.10 Sy 3.62 2.22 0.130 8 153.90
2 2019 20.43 17.31 0.288 7 439.61 2017 15.11 13.93  0.1312 301.59
2020 21.42 17.91 0.326 8 499.12 2018 16.14 14.61 0.156 0 359.71
S 3.06 1.88 0.108 4 167.32 7 2019 17.06 15.2 0.180 1 416.20
2017 18.31 16.00 0.216 8 262.47 2020 17.69 15.61 0.198 2 454.87
2018 19.49 16.73 0.255 2 309.77 JES:hcy 2.58 1.68 0.067 0 153.28
3 2019 20.72 17.49 0.299 7 364.14 2017 14.82 13.74 0.124 7 189.22
2020 22.11 18.33 0.355 1 432.01 2018 16.09 14.58 0.154 6 238.42
ERLEy 3.80 2.33 0.138 3 169.54 8 2019 17.33 15.37 0.187 7 289.60
2017 15.98 14.51 0.1519 360.81 2020 18.22 1594 0.2140 330.24
2018 16.92 15.11 0.176 3 416.92 pESia s 3.40 2.20  0.089 3 141.03
4 2019 17.72 15.63 0.199 2 472.27 2017 13.22 12.65 0.092 5 203.61
2020 18.30 15.99 0.216 5 514.21 2018 14.48 13.51 0.117 3 258.43
S 232 1.48  0.064 6 153.39 9 2019 15.65 1429 0.143 8 317.00
2017 17.28 15.34 0.186 3 281.80 2020 16.33 14.73  0.160 7 354.41
5 2018 18.52 16.13 0.223 4 338.03 JESi =y 3.11 2.08 0.068 2 150.80
2019 19.81 16.93 0.266 4 403.49
F6 EMEMEBE 3 ARENEAESEKERIGENZ N
Table 6 Effects of three factors on the increment of each growth index
A/ (m® - hm ™) HBF S B %
AR . output increment yield increment
saiable mﬁﬁm Dyg/em — Hyg/m — Vippggra/m’ dﬁﬁi) iEht Kbt R Kkt
medium- large- medium- large-
diameter timber diameter timber diameter timber diameter timber
fpepasgE, 1200 3.61x0.16 b 2.2120.10 a  0.130 9£0.006 0 ¢ 152.89+14.02 a 71.22£6.42 a 104471552 b  1.23£3.86 a  25.01+3.25 b
(Fk - hl_niz) 1500 3.24+0.14 ab 2.04+0.13 a 0.101 3+0.008 5 b 156.63+11.28 a  138.19+43.03 a  49.26+43.00 ab 23.26+9.67 a  10.05+8.06 a
r;:;:;zn 2250 2.67+0.33 a 1.75+0.25a 0.066 6+0.001 5 a 152.49+1.19 a  134.86+22.73 a 24.41+16.71 a 24.92+6.87 a  5.06%3.16 a
N JE&/ 0 2.99+0.48 a 1.87+0.27 a 0.098 1+0.024 8 a 150.06+11.00 a  121.69+47.41 a 54.44+22.71 a 13.8%7.14 a 12.17£6.12 a
(g'H{l) 100 3.20£0.45a 2.03+0.25a 0.095 7+0.026 4 a 149.40+£5.93 a  127.39+£35.94 a  45.29+41.94 a 22.56+4.67 a  11.06+4.36 a
Nafg;:};zter 200 3.33+0.34a 2.10£0.18 a  0.105 0£0.028 7 a 162.55£8.36 b 95.18+33.59 a 78.41+53.55a 10.59£2.95a 16.88+5.71 a
P 0 3.00£0.54 a 1.87+0.30 a 0.101 2+0.027 5 a 158.20£6.45 b 87.8+11.87a 85.23+29.15a 3.21+4.26a 18.39+7.18 a
()g'ﬁ%jl) 250 3.31+0.14 a 2.12£0.06 a  0.093 7£0.022 9 a 142.35£6.43 a 120.58+32.80 a 31.87+38.26 a 26.87+8.71 a 7.88+9.13 a
P ferlzer 500 3.21£0.50 a 2.01+0.27 a  0.103 8+0.029 2 a 161.46£6.64 b 135.88+53.24 a 61.04+44.57 a 16.87£3.65a 13.84:9.51 a

amount

PR RN TR R R AR A PR ] 22 5 5.2 ( P<0.05) , Different lowercase letters in the same column indicate that the difference among treatments reached

the significant leval (P<0.05).

T2 e A R AN B 2, AR LR ) £ 28 B
= N RE S R = A2 4K, 250 ¢/ Bk P AEAL
AR TR E AR, AR AR 2% XA
MOS8 BBk A BUAE A5 ) 22 55 B 3 ( P<0.05) , %%

FE 12001 5002 250 £k/hm® (4L 3T S 2 B bk
BB 54 0.130 9.0.101 3.0.066 6 m®, &1
I Ta] AR B3 285 B2 X AZ R (0 7 ) Bk M R AR K B A
WEEMEIEVER . NP X5 A2 ARMOT 34 Bk
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X RESE T A2 AR L 38 WG R kb LK
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2.3 [EMEXFARERBXT 2 A Hh &8 WA A T 45 A O B i
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A A AT o0 BT, 25 SRR B, SRR /N SR
INGERE M RS B AR B s TR AR R

A NFEAR B/ (m? - hm™)

small wood yeild

FEHI3

Fio FEHs5

sample 5
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medium diameter timber output

FEHE8 HeHb3
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FEH6 FEHS
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FEARBRA IR /N AR F IR B AR KO TR AR AR
Tkt XEASTRIAR BT 25 B b AR b AR AR A A4
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A RO AR A R R
Fet AR R T ARM A R, B A
AR AR B, bR AR R4 R G 1) T AR A IE
B, TTRARR L A - SR AV ) A Ot B 2 38 Ak
WL AL A AR A, A R AR I
Jo X AN [F) ] e Pt B 5 B8 A AE Ak B R AZ K Hh i
ARAABE FIORARAS A 3G b7 22 0 O, 2521
B A AL AL B FrAebs b i eI
AN AR OR B RS b R i
o T e ) AR A B 3 TEE Il e ) R AR H b S
TG HE S AR A R A B B IS e AN 18] A i

B./MER A/ (m®  hm™)
small diameter timber output
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sample 1
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D. KAE# H B4 5/(m® - hm™)
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