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Abstract: [ Objective] The aims of this research were to examine the responses of container and bareroot Pinus
tabuliformis seedlings to nursery fall fertilization supplements and assess their subsequent two-year field performance.
This study was conducted to provide a theoretical basis and technical support for the cultivation of high-quality P.
tabuliformis seedlings. [ Method ] Fall fertilization was applied when the terminal bud ratio reached 90% of the total

seedlings. P. tabuliformis container seedlings and bareroot seedlings were supplied with fertigation (i.e., irrigation with
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soluble fertilizer) at 0 (control), 12, 24, and 36 mg/plant. The effects of fall fertilization on growth and afforestation
performance were then tracked and analyzed over two-year using the following cirteria seedling height, root-collar
diameter( RCD) and nutrient content, etc. [ Result] The height, RCD, biomass, N content, P content and K content of
container seedlings with 24 mg/plant were higher than those of the other doses. In addition, the total biomass, N
content, P content and K content were significantly increased by 41.8%, 31.4%, 65.6% and 48.8%, respectively,
compared to those of the control seedlings, whereas the bareroot seedlings were less affected by fall fertilization. The
distribution of N content in the organs of container seedlings was root > needle > stem, whereas that in the bareroot
seedlings was needle>root>stem. The distribution of P and K contents in the organs of container and bareroot seedlings
exhibited the same order: needle>root>stem. The results of the rainy season afforestation test showed that the rate of
afforestration was significantly affected by the seedling type. Compared with the bareroot seedlings, the relative growth in
the height and RCD of container seedlings were significantly higher in the first year of outplanting and the following
spring, and the survival rate of container seedlings in the following spring was similar to the pattern observed for the
relative RCD. The relative growth in height in the second year spring was significantly affected by fall fertilization, and
fall fertilization at 24 mg/plant yielded the highest value. The afforestation survival rate, relative growth of height, and
RCD of seedlings were closely related to seedling root biomass, root shoot ratio, root N content, root P content, root K
content and stem P content in the initial stage of afforestation. [ Conclusion] Fall fertilization at 24 mg/plant was best for
optimizing the morphological growth and nutrient accumulation of P. tabuliformis container seedlings. The survival rate

and growth of 1-year-old P. tabuliformis container seedlings were significantly greater than those of the bareroot seedlings.

Keywords . fall fertilization; Pinus tabuliformis; stock type; nutrient storage; afforestation performance
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Table 1 Soil physical and chemical properties of bare root seedlings and container seedlings

TR AR % CE
soil particle composition content
TEWE/ em
. WL/ - iR/ . o
soil layer _— Wk Bk ﬁ-k J_\l 2R/ mﬁiﬁ_‘] AR/ MR/ pH
depth AL I oL (gkg™) (g-ke™) (mg-kg™) (mg-kg™") (mg-kg™")
sand  powder  clay organic ke alkali- B8 g8
total N available P available K
matter hydrolyzable N
0~15 79.04 10.67 10.29 12.44 1.09 15.16 4.13 71.88 8.11
=15~30 80.38 9.00 10.62 9.97 0.93 11.20 2.06 48.73 8.28
=30~45 81.71 8.67 9.62 9.05 0.91 11.02 5.97 49.74 8.31
Z BN L Jag
GRGIURE 76.71 11.67 11.63 10.02 1.09 20.42 5.23 73.89 8.03

container seedling soil
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H 115 13 BT, R Kt 7 3 5 i
WU AL— 0, Bkt A 5 2 24T T 2 AT A
HEFTRIAI 1t AT A B, AR A AR D0 S 3 TR
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Table 2 Effects of fall fertilization on height and
root-coller diameter of P. tabuliformis
container seedlings and bareroot seedlings

AL/ i/ cm #1452/ mm
(mg-#k™") height root-collar diameter
fertilizer

addition R L R L

0 8.63+0.64 a 9.50+1.01 a 3.13+0.08 a 3.34+0.28 a
12 8.90+0.81 a 9.20+1.00 a 3.09+0.11 a 3.32+0.17 a
24 9.87+£0.43 a 10.03+0.72 a 3.24+0.07 a 3.45+0.21 a
36 6.73+0.27 b 10.57+1.73 a 3.06+0.15 a 3.22+0.08 a

TE R OWIMAA A 40 L S IIAA BRAR B o [RSNGBk
INZESF . FH (P<0.05), T A, The R is P. tabuliformis container
seedlings and the L is P. tabuliformis bareroot seedlings. Different
lowercase letters in the same column indicate significant differences ( P<

0.05). The same below.

FIZE 2 AT TS 24 1 1 RS2 KR N 52

Z5WE ., ARSI, A8 e Rt
SO 7E 24 mg/ Rt A AL 3T I8 B K AH, 36
g/ R it AT AL JEL X 25 45 Ve A A AR 3L
e T BR 1224 mg/ A it A Ak B 43 I BEAIR T
22.0% 24.4% 1 31.8% , JMAN AR B B 5 2 k=
it A5 M A 2, B A b Bt AE S G i in . %%
i PRI RRAR T A HAZ 52 FK 2R A 52 i AS Sk 2, (HL
T 24 mg/FRREACAL I T e K

22 MFHEEMNARERBREDERERSE
EpA)

2 BRI NE X AN [R] 5 AL A AR P B R
o, 25 R LI 1, H [ 1 AT TR 2 AR AR
25 SO R A MR 24 mg/ BRI I AL 3R R,
r9A 0.55.0.35,1.00 Al 1. 90 g, kb X} B8 45 1] 12
BT 52.8% .29. 6% 40. 8% F1 41. 8% , 5 X} HE 2% 5
35510 36 mg/ A4 il A Ak B 25 48 1 A ) AL R
AIVHIVER 25 - B R R AR ) 34 0 I T R
THAA AR AR (25 i SR bR AR ) i 52 B R i N 52
i) 2 57 A8 2, (ELTE 24 me/ BRIGEAEAL IR 455 .

25

0 12 24 36

BB it g+ )
feitilizer addition
T R; L.
B AR root; [ 2 stem; [] - leaf.
N[ ING R R AR R B AN TR b B W) 25 S 3% (P<0.05) , R
[F) Rk Fe 7R e R AN [ b 3 ) 22 53 |9 % (P<0.05) . Rl
Different lowercase letters indicate significant differences among dif-
ferent treatments for the same organ (P<0.05) , and different capital
letters indicate significant differences of the entire plant among
different treatments ( P<0.05). The same below.
B 1 #EHEEXHARRE(R)FRRE (L)
EYEHNRIN
Fig.1 Effects of fall fertilization on biomass of
P. tabuliformis container seedlings (R)

and bareroot seedlings (L)
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2 B it A X AN [ 1 A 77 43 B i 52
Wi, 45 R ULE 3, | 3 AT, it Bk 2 it R Y
BN, TS ZR AR A A T SRR A B R
EFE TR TE 24 mg/ BRI AL BN 3R R K
. SXHRAE LG, 24 mg/ PRt e b P 5 25 40 25 T 4
A EARA B A E, AR T 31.4%,
65. 6% Fi1 48. 8% , Z5 4 i £ B A W VHP & 1=, BR
SRR A ER S AN, B X I R

36 mg/ PRIGACAL IR T A2 45 T MR AL B 5 1t
B2 AIK T X R A BE A i BE AR T 23.9%
26.8% 25 MR E A LB S R B ERT
Xof B THTRA B 1A P R B i S R R T S
AN AR AR RETE 24 mg/ BRI AL R &
K, G2 RN B2 (AR B & T 36
mg/ PRIGACAL 3, $2 55 T 48.8% , W & e & =
T 12 mg/PRHGMEAL B, $2 75 T 83.3% ., JHIAZ &5
Wi ar B A S KBV N AR o 25 R
WA B RS BBV N A AR 2R B,
PR RELEAS AR 1 AR 1 45 45 5 N R B/NHE P 1y
it ALK

24 R 12 24
Jit A&/ (mg - BR)

feitilizer addition

BT R; L.
W #2 root; O Z& stem; [J M| leaf.

3 MEFHAEXBARESRE (R)MRRE (L) FoSENFM

Fig.3 Effects of fall fertilization on nutrient content of P. tabuliformis container

seedlings( R) and bareroot seedlings(L)
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2 AR T AR RO AR IR 3 TR
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M S 2 R AL S 8 1 s R A K S
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Table 3 The impact of seedling types, fall fertilization and their interaction

on the afforestation performance of P. tabuliformis

- AT/ % HBATAS A Bt % AP A Bt %
Sources K- survival rate relative growth of height relative growth of root-collar diameter
of variation level
T1 T2 T1 T2 T1 T2
s R 96.18+2.13 a  89.91+2.41 a 10.32x1.48 a  40.04£3.20a 24.18x1.51 a 39.55+£2.85 a
AR
seedling type L 85.83x4.68 a  65.00+7.33 b 475+0.85b 16.66£1.91b  16.22+1.41 b 29.36£2.63 b
P 0.051 0.005 0.002 <0.001 0.003 0.026
0 84.82+6.68 a  65.88+10.59 a  8.45x1.93 a 27.97+6.05 ab 20.45+2.78 a 33.10£4.37 a
o 12 87.96+£6.64 a  77.55+9.70 a 8.79+2.65a 32.84+7.76 a  20.90+2.17 a 37.32+4.15 a
it G B
fertilizer addition 24 100.00£0 a 88.33+£9.80 a 7.81+2.29 a  32.54%6.11 a  21.46+3.04 a 37.49+5.44 a
36 91.25+4.82 a  78.06+5.78 a 5.09+1.17 a  20.07£3.87 b 17.98+2.89 a 29.91£3.60 a
P 0.192 0.259 0.314 0.049 0.728 0.527
AR > i I
seedling type X P 0.450 0.485 0.055 0.523 0.971 0.834

fertilizer addition

B T1 FoREMYAE, T2 FoREMES 2 42, F[Al, TI indicate the first year after afforestation, and T2 indicate the spring of the second

year after afforestation. The same below.
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Table 4 Correlation analysis between afforestation effect and seedling character

e AN A K R R S IR A R
MRESR 5 1 AR AR bR AR A )
ZEM Sy R A O i 3

AR afforestation performance

(EPS RN JIRRES B A A K HOARAR R A K
correlation factor survival rate relative growth of height relative growth of root-collar diameter
T1 T2 T1 T2 T1 T2
T 5 height 0.171 0.015 -0.004 -0.176 -0.174 -0.094
#1142 root-collar diameter 0.147 0.157 -0.367 -0.252 -0.460 * -0.142
H32E W) root biomass 0.469 * 0.566 ** 0.341 0.548 ** 0.323 0.459*
ZE4E )5 stem biomass 0.015 -0.108 -0.140 -0.244 -0.294 -0.035
-2k ¥ & needle biomass -0.042 -0.268 -0.235 -0.399 -0.397 -0.175
ML L root shoot ratio 0.345 0.489 0.187 0.474* 0.396 0.271
MR A& 1 oot N content 0.447* 0.497 ¢ 0.246 0.528 ** 0.246 0.385
A &1 stem N content 0.257 0.285 0.197 0.188 0.096 0.236
% & & needle N content -0.103 -0.305 -0.160 -0.262 -0.335 -0.082
AR & 2 root P content 0.460 " 0.500 " 0.111 0.416 " 0.234 0.293
ZEff & stem P content 0.435* 0.344 0.410" 0.517** 0.342 0.392
M-8 & 5 needle P content -0.127 -0.253 -0.202 -0.379 -0.421°* -0.147
HRA 2 4 root K content 0.511°" 0.586"" 0.325 0.577** 0.405 " 0.470 "
ZEHS 1 stem K content -0.150 -0.210 -0.221 -0.232 -0.330 -0.124
44 5 needle K content 0.048 -0.134 -0.166 -0.310 -0.363 -0.124

e % .P<0.01, *.P<0.05,

ALA\
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