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Responses of Pinus yunnanensis seedlings growth to GA; and chitosan
oligosaccharide seed soaking and slow-released fertilizer application

ZHANG Heyao, LI Lianfang,LIU Xian, LI Xiaojun,GU Meng,ZHOU Dongmei

(Forestry College s Southwest Forestry University s Kunming ,Yunnan 650224 ,China)

Abstract: [Objective] This study investigated the effects of soaking seeds with gibberellin (GA;) and
chitosan oligosaccharide (COS) solution combined with substrate application of slow-released fertilizer
(SRF) on growth of Pinus yunnanensis seedlings and photosynthetic pigments contents of needles to pro-
vide basis and reference for cultivating robust seedlings without grass-stage in short time. [ Method]) P.
yunnanensis seeds were collected from 1. 5 cycle seedling-seed orchard of 15-year-old forests, and the
L, (3*) orthogonal design was employed to implement treatment combinations (TCs) with different mass
concentrations of GA;(0.1,0.2 and 0.3 g/L) and COS (1,3 and 5 g/L.) combined with SRF (0.5,1.0 and

1.5 kg/m®) in substrates. The treatment without seed soaking and fertilization served as the control (CK).
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The growth of basal diameters (BDs) and seedling heights (SHs) were measured at the ages of 70,110 and
140 days.and contents of photosynthetic pigments of needles were measured at the age of 140 days. Then,
the optimal TC for SH growth was obtained. [Result] BDs of seedlings at ages of 70,110 and 140 days in
TCs were 0.9—1.1,1.1—1.5 and 1. 9—2. 3 mm, while those of the CK were 1.0,1. 1 and 2. 1 mm. SHs
were 3.5—5.0,7.3—9.6 and 8. 7—12. 0 cm for TCs and 3. 7,7.0 and 9. 2 cm for the CK. Contents of chlo-
rophyll a,B,total and carotenoid of seedling needles in TCs were 0.43—0.67,0.19—0.27,0.62—0. 94 and
0.08—0. 13 mg/g,while they were 0.52,0. 20,0. 72 and 0. 10 mg/g in the CK with significant or extremely
significant differences (P<C0. 05 or P<C0. 01). COS was the dominant factor of BDs for 140-day-old seed-
lings, while SRF was the dominant factor of other parameters. [Conclusion) Seed soaking in solutions of
exogenous hormones and nutrients combined with substrate application of SRF could promote growth of
P. yunnanensis seedlings and accumulation of photosynthetic pigments in needles. Cultivation of sound
seedlings of P. yunnanensis without grass-stage should focus on SH growth,and the TC of 0.2 g/L GA,
and 1 g/L COS combined with 1.0 kg/m’ SRF was optimal for obtaining qualified seedlings in 110 days.

Key words: Pinus yunnanensis ; seedling cultivation; photosynthetic pigments; gibberellin; chitosan oli-

gosaccharide;slow-released fertilizer
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Table 2 1,(3") orthogonal trial design of P. yunnanensis nursery experiment
7 A B C BXC )
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1 1 1 1 1 A1B C
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Note: A.B and C represent experimental factors,BX C represents the interaction of factors B and C,and subscripts of 1,2 and 3 represent

factorial levels in Table 1.
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significant difference at P<C0. 05. The same below
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Fig. 1 Effects of GA; and COS solution soaking seeds combined SRF on mean basal

diameters (BDs) growth of P. yunnanensis seedlings
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Table 3 Range analysis of BDs of P. yunnanensis at different seedling ages

Wiy /d 218 Range /R 7K 20 4 Optimal level combination
Seedling age A B C BXC Dominant factor #i¢ Theory SzhR Actual
70 0.08 0. 06 0.11 0.05 C>A>B>BXC Ay B3 C; A;B;C,
110 0.09 0.08 0. 20 0.02 C>A>B>BXC AsBiCs A3BCy
140 0.23 0. 26 0. 04 0.11 B>A>BXC>C AsB1Cs A3 B Cy

3.1.2 % & mE2-A A UFEM,E# 70,110
F1 140 d B, 25 A B A G 25 B A 1R I I A
3.5~5.1,7.3~9.6 1 8. 7~12.0 cm, % I (CK) iy
WAy 3.7,7.0 F1 9.2 em, A [A] I 45 4b 3
AR B R AR B 2 R (Pry g = 2. 13X
107", Prog =6. 99X 10 ", Py, =1.18 X 10 %),
SR A A 4 M S RAR . BN
T 70~110 d A AW, Z G BRI AE G 2 Fi 4

1451

Th8R A A1 LA A B2 & B e AR KO 2%, R W 0. 2
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Fig. 2 Effects of GA; and COS solution soaking seeds combined SRF on seedling heights (SHs) growth of P. yunnanensis
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Table 4 Range analysis of SHs of P. yunnanensis at different seeding ages

e /d e 2% {8 Range F WK F /K4 4 Optimal level combination
Seedling age A B C BXC Dominant factor B¢ Theory S2Br Actual
70 0.19 0. 38 0. 87 0. 35 C>B>BXC>A Ay B Cy A B Cy
110 1.02 0.21 1.58 0. 40 C>A>BXC>B Ay B, Cy AB G,
140 0.71 0.68 2.31 0.97 C>BXC>A>B A1 B;C, A1 B G,

M1 4 AT, = AL B R 1 e RO BRSO K P4l A SRR Bl 70 F 110 d I, B A 1 5 A
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Table 5

MERE a 4R b B RZ MK E MRS E
B 0. 43 ~0. 67,0. 19 ~0. 27,0. 62 ~ 0. 94 A
0.08~0. 13 mg/g,CK 4bFEL) e 4 (% & KK
7 0.52,0.20,0.72 F10.10 mg/g. &ALFEL A1) 4
MAEOaETENEN T F 2R (Prygg. =0. 025,
Pz, = 0. 014, Pyysx = 0. 047, Pyugy =
0.021), S A2 R [E 2 5 A 1A EF it i 4%
HaMGR b BHEEMEHRE PRI BB
FAA 1M 6 HKm. e bsaRasE5HAl
T2 TRV 1 1 A 6 e /I o A 2 TR Ry 25 i s A
0 A A T2 A2 R K 3 52 T A2 T A 7 s
M /0N

GA; MM COSAREMREBREMAEM 140 I EARHHEEEEREENTM
Effects of GA; and COS solution soaking seeds combined SRF on needle photosynthetic

pigment contents growth of 140 d P. yunnanensis seedlings for the TCs

2% % a Chlorophyll a

m-2¢ 2 b Chlorophyll b

g & Chlorophyll il # & Carotenoid

Il
'I«Tffjiem FH/(mg gD gy FH/(mge gDy R/ mg g™ Gy FH/mg gDy
Mean Mean Mean Mean
1 0.66=+0.067 a 30. 6 0.27+0.025 a 27.5 0.9340.091 a 29.4 0.1340.014 a 32.7
2 0.5440. 064 ab 35.2 0.21+0.023 ab 33.6 0.75+0.087 ab 34.7 0.10+0.009 ab 27.3
3 0.46+0.057 b 36.9 0.194£0.020 b 32.0 0.65+0.077 b 35.4 0.10=£0.010 ab 30.4
4 0.6040. 040 ab 20. 2 0.24+0.015 ab 19.6 0.83740.055 ab 19.9 0.1140.007 ab 18.9
5 0.4340.060 b 41.5 0.1940.028 b 44.1 0.6240.087 b 42.1 0.0840.008 b 27.1
6 0.67740.050 a 22.4 0.27+0.016 a 17.5 0.94+0.065 a 20. 6 0.1240.009 a 21.8
7 0.50740. 051 ab 30.6 0.2140.018 ab 25.8 0.7140.069 ab 28.9 0.1040. 008 ab 25.2
8 0.53740. 049 ab 27.6 0.21+0.012 ab 17.0 0.7440.061 ab 24.5 0.1040. 008 ab 23.8
9 0.6040. 048 ab 24.0 0.23+0.014 ab 18.5 0.84-0.062 ab 22.3 0.11-0.008 ab 21.2
-] Mean 0.5640.050 29. 89 0.22740.020 26.17 0.7840.070 28. 66 0.1140.010 25.37
CK 0.5240.033 ab 18.3 0.20740.012 ab 16.5 0.7240.044 ab 17.5 0.1040. 005 ab 14.0

T« R GBS bR AN R /NG B R R 28 53 3% (P<C0. 05) 3 CV A8 5 24

Note: Different small letters mean significant differences at P<C0. 05 level. CV is coefficient of variation.
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Table 6 Range analysis of needle photosynthetic pigment contents for 140 day P. yunnanensis seedings
18R 2 {f Range FERHAT K204 Optimal level combination
Parameter A B C BXC Dominant factor F1i¢ Theory S2Br Actual
%
ITERE a 0.021 0. 084 0.157 0.043 C>B>BXC>A ArBi G AyByC,y
Chlorophyll a
For s
AR b 0.013 0. 037 0. 055 0.019 C>B>BXC>A A2BICy A2B; Cy
Chlorophyll b
eI 43
Bt 0.034 0.121 0.212 0. 060 C>B>BXC>A A:BCy A.B;C,
Chlorophyll
e
e IR 0. 004 0.016 0.023 0.007 C>B>BXC>A A1 B Cy A1 B Cy

Carotenoid
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g/L GA; BB LR = m A 160 d AR & g
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P S SR N A R OEE GA, (0. 05,0, 10 Al
0.15 g/ WIR MW IR+, 45 ] E W . 0. 10 Fn
0.15 g/L GA; ¥ Ab PR 2§ FA 1 A Hb 42 A0 7 i
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T[] 52 ) o A i it — 2D R I 5E
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COS W 53 M2 M F K T/ 22 Fh 7, 45 R KRB,
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AR L HA L 2L 0.1 pg/mL COS ¥ 032 Rl i £ 1
VEF e W . 58 T4 20T 48 W, o 1 wE i 0. 01
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