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Abstract ; In order to explore the response of the precious tree species Toonaciliate var. pubescens to different amounts of

different fertilizers, the young forest of T. ciliate var. pubescens was taken as the research object. A random block design
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was used to analyze the effects of fertilization on the growth, leaf nutrients and physiology of young forest of 7. ciliate
var. pubescens, and three fertilization levels (high, medium and low) were set, including nitrogenous fertilizer (N) ,
phosphate fertilizer (P), compound fertilizer (CF) and slow-release fertilizer (SRF). The results were as follows; (1)
Fertilization could promote the height and diameter at breast height ( DBH) growth, and the effects of nitrogenous
fertilizer and compound fertilizer were more obvious. The average tree height, average DBH and average volume of 4-year
old tree with nitrogenous fertilizer increased by 15.0%, 21.9% and 67.5% compared with CK ( no fertilizer ),
respectively, and the annual average growth of DBH under low nitrogenous fertilizer (N1) treatment was the highest
(2.99 cm). Compared with CK, the average tree height, average DBH and average volume of compound fertilizer were
increased by 16.7%, 19.2% and 54.3% , respectively. High slow-release fertilizer (SRF3) and low phosphate (P1) had
the largest annual increases in tree height and DBH (1.96 m and 2.33 cm) in the 4th year, respectively. (2)
Fertilization significantly increased chlorophyll content and non-structural carbohydrate content in leaves of T. ciliate
var. pubescens, nitrogenous fertilizer significantly promoted the synthesis of soluble sugar and phosphate fertilizer
significantly promoted the synthesis of starch. (3) N1 and phosphate fertilizer significantly promote the increase of N and
P contents, respectively, and phosphate fertilizer, compound fertilizer and nitrogenous fertilizer significantly increased K
content in leaves. (4) The principal component analysis showed that the effect of fertilizer to promote growth was
nitrogenous fertilizer>compound fertilizer>phosphate fertilizer >slow-release fertilizer>no fertilizer. Among them, NI,
i.e. 100 g « plant” - year', had the highest comprehensive evaluation value. Comprehensive fertilization cost and
benefit, nitrogenous fertilizer or compound fertilizer can effectively promote the growth and development of T. ciliate

var. pubescens young forest. It is recommended to apply 100 g nitrogenous fertilizer per plant per year in young forest

44 ¥

stage. The results can provide a reference for the forest nutrient management in the early stage of afforestation.
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Table 1 ~ Amount and types of fertilizer and nutrient ratio
Jiti NE
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WAHE  RHRI prgg el
Fertilizer type Nutrient ratio Treatment i
(g - plant” -
year")
N1 100
=
AR Nz46.0% N2 300
Nitrogenous fertilizer
N3 600
Pl 200
031
P =15.
Phosphate fertilizer 205=15.0% P2 400
P3 800
CF1 200
2a N: P,0; : K,0 .
Compound fertilizer =15:15: 15 CF2 400
CF3 800
SRF1 100
SR N: P,0, : K,0 .
Slow-release fertilizer =13:5:7 SRF2 200
SRF3 300
AR -
No fertilizer - RECERN 0
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level. The same below.
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Fig. 1 Effects of fertilization on the growth
of Toona ciliate var. pubescens
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Table 2 Effects of fertilization on the annual increase of DBH and tree height of Toona ciliate var. pubescens

ok Eta s Sy TR} e ARG K
e Annual increase of DBH(em) Annual increase of tree height(m)
Treatment
AD,,,, AD;,, AD, .,  “F¥J{H Mean AH,,_,, AH;, ,, AH,, ., P45 {8 Mean
N1 3.69+0.24abc 3.02+0.15ab  2.27+0.18a 2.99 2.15+0.14ab 1.24+0.14bc  1.45+0.14b 1.61
N2 3.43+0.25abe 2.82£0.21abe 2.02+0.12ab 2.76 2.15£0.13ab 1.48+0.19abc 1.41+0.16b 1.68
N3 3.90£0.24a 2.85:0.21abc 1.940.12ab 2.90 2.35£0.12a  1.56£0.17ab  1.65+0.10ab 1.85
CF1 3.23+0.27abe 3.05£0.19ab  1.98+0.12ab 2.75 2.18+0.14ab 1.40+0.19abc 1.870.14ab 1.82
CF2 3.83+0.29ab  3.02+0.21ab  2.07+0.39ab 2.97 2.33+0.14a  1.40+0.20abc 1.46+0.17ab 1.73
CF3 3.37+0.27abe  3.17£0.27a  2.26=0.14a 2.93 2.23+0.14ab  1.87£0.25a 1.45+0.17ab 1.85
Pl 2.89£0.25¢ 2.98+0.34abc  2.33x0.31a 2.73 1.96+0.19ab 1.3720.23abe 1.75+0.14ab 1.69
P2 3.12£0.29abc 2.57+0.41ab  2.26=0.49a 2.65 1.93+0.13ab  0.94x0.14c  1.76+0.24ab 1.54
P3 3.03+0.24be 2.52+0.26abc 1.99+0.13ab 2.51 1.90+0.13ab 1.37+0.24abc 1.63+0.15ab 1.63
SRF1 3.33£0.20abe 2.61£0.27abe  1.28+0.37b 2.41 2.08+0.11ab  0.94£0.12¢  1.610.15ab 1.54
SRF2 3.61£0.21abe 2.40+0.15abc 1.79+0.13ab 2.60 2.08+0.14ab 1.05+0.13bc  1.63+0.12ab 1.59
SRF3 3.35£0.26abc 2.76£0.21abc  2.10=0.12a 2.74 2.06£0.12ab  1.17+0.14bc  1.9620.12a 1.73
CK 3.23+0.23abec 2.24x0.21bc  1.87+0.20ab 2.45 1.83£0.16b  1.06=0.12bc  1.46+0.13ab 1.45

TE: AD. BARAERIR T AHL W RAEHT K IR s 1a,2a,3a 40 200 FORMOM R | 424E 2 42E 3 48R 4 24 ARVNE FRER
ARTE 0.05 /K B2 3 R BdR P RIE AR R, FIF,

Note; AD. Annual increase of DBH; AH. Annual increase of tree height; la, 2a, 3a and 4a means the stand age is 1-year old, 2-year
old, 3-year old, and 4-year old, respectively; different small letters indicate significant differences at 0.05 level; data in the table are x+

s-. The same below.
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Fig. 2 Effects of fertilization on physiological characteristics of Toona ciliate var. pubescens leaves
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BB 20 AR I O B0 5 2 X AS )il A 2L A 45 s 1)
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Table 3 Effects of fertilization on leaf nutrient of

Toona ciliate var. pubescens

sEEE MARBER TR
b3 Leaf nitrogen  Leaf phosphorus  Leaf potassium
Treatment content content content
(mg-g") (mg-g") (mg-g")
N1 31.24+0.85a 0.198+0.005bc 7.24+0.31abc
N2 28.77£0.96abec  0.193+0.003bc 7.60+0.40ab
N3 28.19+0.39bc  0.195+0.002bc 7.87+0.33ab
CF1 29.95+1.01ab 0.222+0.008a 7.60£0.71ab
CF2 28.15+0.96hc 0.210+£0.006ab 7.44+0.67ab
CF3 28.60+£0.93abec  0.193+0.005bc 8.19+0.81a
Pl 28.66+1.09abc  0.223+£0.006a  7.08+0.52abcd
P2 27.53+0.78be 0.217+0.005a 7.19+0.46abc
P3 27.95+0.87hc 0.225+0.007a 6.50+0.55bcde
SRF1 27.19+1.69bc 0.191+0.006¢ 5.83+0.69de
SRF2 29.26+1.14ab 0.195+0.003bc 6.01+0.45¢cde
SRF3 29.62+0.68ab 0.198+0.009bc 5.87+0.41de
CK 26.18+1.21¢ 0.192+0.007¢ 5.71+0.65e
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R,

it AT AR OR A2 K 52 e 5 2 R0 R R A 6
JERLAS AU i A 5 1 22 /0 it AT B[R] bR 45, A
ke, AR AR (2023) BF 5T 36 B H B4 R0 7R R
[Fi) i S Ak B 22 ) A48 S i R, A 9 A A8 R AR Y
TCR S IR Y 7 i, R AS 5 I AR 2 A
KRR AT A AS [7) i A A BT I R 57 43
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## indicates significant correlation at 0.01 level; * indicates significant correlation at 0.05 level. A. DBH; B. Tree height; C. Volume; D.

Chlorophyll a content; E. Chlorophyll b content; F. Total chlorophyll content; G. Carotenoid content; H. Soluble sugar content; I. Soluble starch

content; J. Non-structural carbohydrate content; K. Leaf nitrogen content; L. Leaf phosphorus content; M. Leaf potassium content.
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Fig. 3  Correlation analysis between growth, physiological characteristics and nutrient indexes of Toona ciliate var. pubescens

SHEAREZW, BT CK, HA [ it e 4 5 e
ARS8 (0.191~0.225 mg » g ) T ik T &
Bk A B A& A 1.1 mg - g' (Tang et al.,
2018) , i A [a] 2k 3 A it | &0 1 (27.19 ~ 31.24
mg + g ) LI T EAE R AP 1401
mg - g, AT UL IE AR AE 5 e B L0 AR AR K
PR, Hit EZ A B T 808 it e 382 3 R0, i
TRHEMARAEAS . ASHF 9T R W 228 B 25RO K
B3 X AT A5 AR R TR B AR A K 0
(7T—9 H) ZHi 6 HEIEf —& LR, HERIE
FO RIS (L 8 A H B ) , BN J it
T 328 )50 JIE 254G, 52 W) RO 2B K I HL 22 R JIE M A%
(BT 58 30 T A A7) AH A 3 Fp AE R (5 T 5

3~4 J0) WE T, ML S IRE AU E N E R
3 AN K B AR AR, £ RO R B 8, {HL B 2 A A
RIS K BRI (SRF3) X4 4 AR R 4R AR K
P 1SR 5 oA I B FLGR B0 K (1.96 m) |, i B it
JE X AR A K S ma B R, X SCEIAF (2021) BF 5
FHTEGIE K> 78 RGO T, BT B2 #9114
Tt AE R LR 280 3, S AT 45 R — 3, X
W H K 232 5 MR P OR FR Ay I B R JF L E
ZT R T RN G AR 6 AN TR) A & o BEXT 37 43 75 oK 1T g
FATE2S

G R BRI Wk AL G AR I i
5B R R R BB R AL A TR,
MM AR A, BT AIF T & B AT 1T 4 3% 36
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Table 4  Principal component analysis of growth,

physiology and nutrient indexes of

Toona ciliate var. pubescens
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Table 5 Comprehensive evaluation on growth of Toona

ciliate var. pubescens with different

fertilization treatments

528 5]
Feature type

FRA 1

Principal

F RS2

Principal

FH5 3

Principal

component 1 component 2 component 3

FRRBER 0.907 -0.167 -0.196
Single tree volume

a4z 0.890 -0.179 -0.123
DBH

MR o Ak 0.888 0.051 0.310
Chlorophyll a content

W2 2K 0.867 -0.091 0.400
Total chlorophyll content

= 0.859 -0.168 -0.201
Tree height

AR b & 0.815 -0.230 0.419
Chlorophyll b content

CIRGRE s 0.807 0.074 -0.506
Soluble sugar content

W 0.776 0.379 -0.307
Leaf potassium content

ELERPERR K LA W) 0.707 0.277 -0.509
Non-structural carbohydrate

R R R 0.705 -0.055 0.570
Leaf nitrogen content

KB PRI 0.699 0.564 0.186
Carotenoid content

R -0.093 0.855 0.285
Leaf phosphorus content

AV PR E B -0.176 0.854 0.007
Soluble starch content

DU 56.43 16.62 12.12

Proportion (%)

v v N ZEE TR
L ER T EWs2 Ewy Ao
Ab 7 L S e Comprehensive
Principal Principal Principal .
Treatment evaluation
component 1  component 2 component 3
value
N1 3.68 -0.76 0.49 2.36
CF3 3.05 -0.55 -0.74 1.81
N2 2.47 -0.11 0.30 1.66
N3 2.75 -0.05 -2.46 1.46
CF1 1.32 0.94 0.95 1.20
CF2 1.18 0.06 -1.01 0.65
P1 -0.42 1.59 0.78 0.14
P3 -1.30 2.38 0.63 -0.31
SRF2 -0.66 -2.33 2.25 -0.57
SRF3 -0.97 -0.77 1.19 -0.62
P2 -3.13 2.35 -0.33 -1.66
SRF1 -2.67 -0.84 -0.63 -2.02
CK -5.31 -1.91 -1.42 -4.09

B ¥ ( Pinus massoniana ) 1 8 Hg T ( Gardenia
sootepensis ) M A O R T &, AN E a/b b
(B (BIDEEE, 2022 FHAFFESE,2022) . AW ST IE
PR SR NSRS N RS R E T CK
G a/b WE/NT CK, HAi /LA AR & &
B, L0245 (2012) & T BLAE I 7T 45 A
BL, S8 I it S 8 A R A2 4 P R X Dl e 9 e 46 | 47l 3R
FLiane )y, ARt A R A L, W fe i £ Y =
A EhARERKE, HAREMYLE ARG
B AR T AR, B AR R R R 5 B R
TR IR, AL A M THEY TR EE
B, HRERE R TR, $2 mOG ARG, & B 2
AP AR 2 A R & SR R 0l iz
By, —E R RS e R AL, AR SR AUIE
(ND) $ M4 R S RSUR K,

J I B 45 (2022 ) WF 53 3% W it AL 7 08 412 2 DY
A ( Tsoongiodendron odorum) " Fy ] {7 ARG BY, , [R]
g E R S, AMFRa RS2 8 e
P 7B LLHE I AT R A UE A Y I
RNC(NL) BRI VERE & m i , il rh B AL (P2) Xt
PEm TR VE R O e o W, AT MR S A bR
R A= i 1% 3l % AN AT o) Wi R 5O A MR AT ER K AR
BYIRYE A O, T RE S T A B IE M T 4
B FHARGE , i R N BT R S s,
AR R By a2 A R, TS R 7O AR,
PRI E IR A R B R A A B AT

EEYAR 20 NN U e o8 K DT 30 il e ]|
ARSI, Mte B Sobs R 5064 @
ESNUDSIE- I RS T SR A S SEAR (S A
A K50 B A FH 5 5555 R 4] AR B, 2E R B A A
AT DA SRS B B 2O IR R OGS B R B
w R IR W RE A O A B R G, PR A 1R
M #Em SRR A, S5 oh &R a S AT
B HI O R ECR 0.57 (P<0.05) 35 i F ARG, i A
PR 5 AR B EAR OGBS R
W B 2 e ATV MR RE G R, AT RE R R Ol
B V5 B A A A R AR T o B %, T AR 3



1 MRS ALK B LR 2R AR A St AR B AE ) 52 1 155

AT A 1 B

F RS 53 AT R B B A — s A DGR B FE AR
FOH A N — 4 B A G SR B LR A dE A, AT
A Hh AR BE T Db A e 1 A ST SCARE I ) AN A G
(BRI AYSE ,2020) , A0 M A5 11 A 25 A PR
s AR AR K B, N1, CF3 fil N2 £ 51T
M HERT 3, DEHA A o RUIE B 2 A IR . e ik
ZT M A AR AR A L AR 2 5 i AR AR B AR
Jit A £ 340, 2 0 A RO ST R AR, T B R A
i R T R G A 3 TE R AE 25 0 P oK Ak
B YA R IR T FFRAE,2021) , 8025 AP0 (E B
o) SO RN 5 R

ARSI T A [A) Jite AR A 28 i JE 2 % B 21
WA AR BRR R 3R 53 B iR, 25 R R B
it NE RE A2 32F B 204 S R K DG R RFE 454
PEBIKAL G W6 B, s T i 3R 4R B, AS TR Ak
PR 6 214 I A2 RARS 2 A 3 4 o 4R 1 RO AN TR
BAHBRBAERMARZAT R, S ERIEIESE 4
SRR RO DUREAE N T 3% A1 1 350 JC |
PRZERT 58 4 JC KM B2 K 1000 61T, 4 4F
HE AR AR BEA Y F Ik 79% o 254 i R A
Bts , I X B L0 A 2 ARk DLRUIE Fn A IR A 2 5K
R0 HR AR EUIE (N1) B4 4E 45 8K 100 g
RIS AT, A5 75 05 it IR X 8 21 # 4h Ak %
ARG A 1 0 i i — 25 B R A DU T A
RO PR3 AN ] A= A B B 5 T B i g B
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