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Abstract: In order to explore the responses of growth, photosynthetic characteristics and nutrient accumulation of
Cunninghamia lanceolata container seedlings to different amounts of slow-release fertilizer application. In this paper, the
effects of different amounts of slow-release fertilizer application treatments (0, 200, 400, 800, 1000 and 1200 g - m™)
on the growth of seedlings height, ground diameter, biomass, photosynthetic pigment content, chlorophyll fluorescence
characteristics and nutrient content of C. lanceolata seedlings were investigated. Moreover, subordinate function value
method was also employed to comprehensive evaluate the growth and physiology indexes of seedlings under different
fertilization treatments, and screening suitable slow-release fertilizer levels for the growth of C. lanceolaia seedlings,
which providing reference for the efficiency cultivation of high quality C. lanceolata seedlings. The results were as
follows: (1) Compared with the control, the slow-release fertilizer application could promote the growth of seedling
height, ground diameter and the accumulation of total biomass of C. lanceolata seedlings to varying degrees. (2) The
slow-release fertilizer treatments could significantly increase the contents of chlorophyll and carotenoid in leaves of
C. lanceolata compared with control. In addition, slow-release fertilizer treatments also increased the values of maximum
fluorescence ( F, ), variable fluorescence ( F,), maximum photochemical efficiency of PS Il ( F,/F, ), potential
photochemical efficiency of PSII(F,/F,) and actual quantum yield( QY) to varying degrees compared with control. (3)
The slow-release fertilizer treatments could promote the nutrient accumulation in seedlings of C. lanceolata to varying
degrees, among which the contents of Mn, Fe and Zn were found to be changed most significantly. (4) The results of
subordinate function value method showed that when the amount of slow-release fertilizer application was 1 000 g + m™,
its membership value was the largest, which indicated that the comprehensive growth of seedlings under this treatment
was the best. In conclusion, the amount of 1 000 g - m™ slow-release fertilizer application is the most suitable treatment
for the cultivation of high quality seedlings of C. lanceolata in the present study, under this treatment, the growth of
C. lanceolata seedlings can be improved by increasing the accumulation of nutrient elements closely related to
photosynthesis, thus increasing the contents of photosynthetic pigment in leaves, which in turn enhance the PS I
photosynthetic efficiency and electron transfer rate, further enhance the efficiency of light energy capture and utilization
of leaves, and ultimately improve seedling growth.

Key words; seedling cultivation, slow-release fertilizer, Cunninghamia lanceolata, chlorophyll fluorescence

parameters, container seedling, seedling quality
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Table 1  Basic chemical properties of light matrix
ot KRR AR A WU
Total Hydrolyzed Available Available B Mg 5 Ca i Mn B Fe DR
. . . ° B 0 B Organic matter
nitrogen nitrogen phosphorus potassium (g keg) (g-kgt) (g-keg) (g-kg) (g ke')
(5-ke)  (g-kg)  (g-kg')  (gokgh) BT
9.93+0.09 0.26+0.02 0.64+0.02 11.33+0.13 5.32+0.84 5.97+1.55 0.27+0.02 13.97+2.71  295.15+8.04

BT R A = TR BT B (I /A +
b PR/ TR (D)
142 ke & E4 e EHEAREE LIS —
RO AR B2k TR X AF A i At R B I i R A
R, A ARNIRPCR H A BEN B % (Lin et al.,
2016) . FEEES WG, W 200 WL 48 B B T i
bk b, 2x 9T 470,645,663 nm Ab I W S FE
(A470 \A645 \A663> ’ /I\ALI\}EE/E 3 ‘{5’\0

42 a SR (C,) = (12.7xA,~2.69%A,,; ) X

i IBUIR A AR < s A 50/ o o Jo (2)
M4EE b S (C,) = (22.88xA,—4.76xA ) x4
SO A AR < A R A 80 R i Jo (3)
24K B = (20.29 XA, +8.04 %A, ) x 2 HL
AR AR < A 80 6 o I (4)
i P E SR = (1000%A4,,,-3.27xC,-104x
C,)/229 (5)

1.4.3 sbZ kA 4m = FH PAM-2500 {# #
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FH SPSS 26.0 X #4715 R 4041, AS [) b #L
PIE A R A LSD Fe A R AT K 56, /E 1 R ] Origin
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2 HR 544
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Different letters above histograms indicate significant differences between different treatments (P<0.05). The same below.

B1 TEZREEAENEZAYEESSHEERKNZM

Fig. 1

Effects of different amounts of slow-release fertilizer application on the growth of seedling

height and ground diameter of Cunninghamia lanceolata seedlings

x2 AEAEBREEAENEAGEEMERRNZM

Table 2  Effects of different amounts of slow-release
fertilizer application on biomass accumulation of

Cunninghamia lanceolata seedlings

LU TS VSN
Qb3 Root Stem Leaf - =
. . . Total plant
Treatment biomass biomass biomass .
biomass
(g) (g) (g) ()
t=}
CK 1.27+ 1.38+ 2.24+ 4.46+
0.51ab 0.30c¢ 0.83b 0.88b
T1 0.90+ 1.62+ 1.99+ 4.51+
0.17b 0.22bc 0.17b 0.35b
™ 1.20+ 1.55+ 2.35+ 5.09+
47b 0.23bc 0.67b 1.38b
™ 1.24+ 2.44+ 3.60+ 6.47+
0.48b 0.35ab 0.93ab 0.98ab
T4 1.73+ 3.06+ 4.67+ 8.24+
0.34a 0.38a 1.40a 1.43a
TS 2.01+ 2.21+ 3.49+ 7.72+
0.30a 0.38b 0.41ab 0.87a

. ANFEFREFR R R R AL 2 6 1 53 (P<0.05) , TR,
Note; Different letters indicate significant differences between
different treatments ( P<0.05). The same below.

R HE(P<0.05) ,T5 A FEIF 48K a H4EK b Al
R ER R IR, W S N R A RAE T4
A PRI IR B RAB, MHERER a/MH 4K b B & it &=
(1R BT 252 56 T T B A A, FAS [R) Ak 3 22 1) 22 5
NEE(P>0.05)

0.16+
ab
w 0.144 a
S
g 0.121 i
2
= 0.104 :
= b e
% 0.08 b .
2 0.061 N 3e
e N 3
= 0.044 % ii
0.02- N 14
L8
LU N B E B
Tl T2 T3 T4 T5

AR 4L BE Different treatments

2 AEZEREREX
EARGEEARREREHH RN
Fig. 2 Effects of different amounts of slow-release fertilizer
application on seedling quality index of Cunninghamia

lanceolata seedlings

23IAEEBREBERENZATHIEHRER
K-S H KRN

2% 4 R, Bt 2 2% T8 T bt P == (9 38 , A2 K
MRG58 6 (F, ) 1H 3B 64k 2% B K R L (non-
photochemical quenching, NPQ) {H & A& 5 & i T [%
ka5 5 CK AH L, A A b3 F, {8 B s A T
17.38% ~23.73% 2 [d] ,NPQ {H [ &/ T 13.28% ~
53.63% 2 [1] , AN [F) 28 B ML it FH it Ak 34 W] AN [] A
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Table 3 Effects of different amounts of slow-release fertilizer application on photosynthetic pigment
contents in leaves of Cunninghamia lanceolata seedlings
e M4t R a M2 E b SRR 4E 2 a/MH4EE Db PSRN S
Trealm;nt Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll a / Carotenoid
o (mg-g") (mg-g") (mg-g") Chlorophyll b (mg-g")
CK 0.65+0.12¢ 0.38+0.02¢ 1.04+0.25¢ 1.72+0.10a 0.06+0.005¢
T1 1.04+0.12b 0.58+0.05h 1.63+0.16b 1.79+0.14a 0.11+0.002b
T2 0.94+0.15b 0.52+0.04b 1.46+0.29bc 1.82+£0.23a 0.11+0.008b
T3 0.95+0.12b 0.51+0.06b 1.47+0.18b 1.85+£0.03a 0.11+0.006b
T4 1.13+0.07ab 0.59+0.08h 1.72+0.15b 1.92+0.16a 0.14+0.009a
TS 1.29+0.08a 0.75+0.04a 2.04+0.11a 1.68+0.10a 0.12+0.009ab
x4 FREREEAENEAGEHEZRIXASHNF N
Table 4 Effects of different amounts of slow-release fertilizer application on chlorophyll
fluorescence parameters of Cunninghamia lanceolata seedlings
s s -~ PSI K PS I 475 Sy i Jefbss FEefbs:
b 55 B R n] AR 75¢ N o N 122 iy N *’ y
Trfjim 7 DF}Ulﬁ Hlj,?dﬁ Ty}}dt Jefe R e e g PR Z B DEX
’ ° " v F/F, F./F, QY PQ NPQ
CK 94.89+ 393.21+ 298.33+ 0.76+ 3.14+ 0.81+ 0.60+ 1.36+
2.99a 49.06b 48.81c¢ 0.025a 0.69¢ 0.02a 0.027a 0.13ab
T1 78.40+ 416.16+ 337.76+ 0.81+ 431+ 0.82+ 0.57+ 1.18%
8.49h 42.87b 34.38bc 0.001a 0.05b 0.002a 0.028a 0.31ab
T2 74.79+ 419.94+ 345.15+ 0.82+ 4.62+ 0.82+ 0.60+ 0.96+
7.67h 45.49b 38.12bc 0.005a 0.16b 0.006a 0.034a 0.18bc
T3 76.88+ 461.47+ 384.60+ 0.83+ 5.00+ 0.83+ 0.57+ 0.98+
6.98b 20.50b 13.84b 0.008a 0.27b 0.008a 0.005a 0.10b
T4 72.37+ 532.82+ 460.44 + 0.86+ 6.36+ 0.81+ 0.56+ 0.63+
9.02b 35.79a 35.55a 0.026a 0.75a 0.02a 0.03a 0.16¢
TS5 75.57+ 428.50+ 352.94+ 0.82+ 4.67+ 0.82+ 0.59+ 1.62+
4.85b 27.13b 22.32bc 0.001a 0.04b 0.002a 0.009a 0.30a

JREEZARM T BRIOC(F,) FTZYSE(F,) \PS
AL FRCR (F /F,) A PS 1T H Rk 2i 5%
R(F/F,)), LI T4 A PR A e RAE, &5
Mrek SR, T4 b BRY F, NPQ F, F, F/F. 5
CK Z[|] 22 5 3%, i AN [6) Ak B X 42 A 4h i it
F/F, S:FR T 77 & (quantum yield, QY) 1k
2P R 280 ( photochemical quenching, PQ) FY 5% i
ERAREE(P>0.05),
2AREEZEBERERAENEAYEZRZSSEN
A

Bt AR IR ) T1 A HE v Ca JER A8, Hikx
Jite A Ak P35 S ) R b A2 0 < 7 -061° B & T %
FERMNMRKE3), 5 CK M, ARt T
AL PLK, Mg & it 3846 2 54 T 29.50% ~

103.65% .22.92% ~80.06% K 14.52% ~74.07% 2.
), H 4 7E T4 kb B IK fe KAH ., Bl % it 0 5 7Y 38
hn, Ca B E & B 28 fuia %, JF7E T5 4b
PR, SR TR M H , Mn Fe Fl Zn & i
BITE T4 Qb PR B 5 KAE , 5 CK AH L 43 513 m 1T
157.14% 216.39%#1 238.08% ,
S ETFTRERFZNM ARG EERKMEEMBEX
IBIREE D

HIARE R ARG IE — DR G MR MR, gl
HE— Az KA A ok i AR O B I IR AN i 4
8T, TR JH 22 A4~ 48 Fi 0 1R A KAE DL E A7 25 5 0F
B, BEWERG B W AR B AR R B, R I, A 5 R
FH S i PR B X AS [R) A B R R K 4 1 A K FE
AR TR GRS EHITLR AN,
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Fig. 3 Effects of different amounts of slow-release fertilizer application on elements

accumulation of Cunninghamia lanceolata seedlings
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