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Abstract: In order to study the effect of different application modes of phosphorus-solubilizing bacterial
fertilizer on seedling phosphorus nutrition of Pinus massoniana, a pot inoculation experiment with local and
evenly application of PSB fertilizer was set up. Using WinRHIZO Pro STD1600+ root image analysis
software and Molybdenum antimony colorimetric method, we studied the responses of P uptake and root
growth of different P. massoniana families under different PSB fertilizer treatments. The results were as
follows: (1)Inoculating PSB fertilizer had a significant effect on growth of P. massoniana seedlings. The
main growth indexes, such as seedling height, ground diameter, root dry matter weight, root shoot ratio and
whole plant dry matter weight, significantly increased under local treatment. (2)Local treatment significantly
increased the root length, root surface area, root volume and root tip number of seedlings. The root length of
0<D =< 0.5 mm fine roots under evenly treatment was nearly 2 times than that under evenly treatment. (3)
Inoculating PSB fertilizer significantly increased the P uptake of root, stem, leave and whole plant, and the
local treatment was significantly higher than evenly treatment. Correlation analysis showed that P uptake of
seedlings was significantly positively correlated with root morphological parameters and root length of D<t
1.0 mm. This indicated that local treatment promoted P uptake by inducing root growth. (4)Due to the
genetic background, the families of P. massoniana showed different performance under local treatment. No.
22 was the most sensitive family, and all growth indexes were significantly higher than No. 10 and No. 50
families. In conclusion, local application of PSB fertilizer significantly promoted the growth and P uptake of
P. massoniana families under low P environment. This study provides guidances for the management of P.
massoniana plantation under P poor sites.
Key words: PSB fertilizer, Pinus massoniana family, low P environment, root growth, P absorption
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Table 1 Response of growth traits of Pinus massoniana seedlings to different application modes of PSB

fertilizer
HiE iz T4 i — BTV
VA
Ab¥ Treatment Seedling height Basal diameter ~ Root dry matter ) Whole plant dry matter
Root shoot ratio
(cm) (cm) (8) (2

JRR AL P

8.08+1.60a 0.42+0.11a 0.15+0.04a 0.41£0.19a 0.53£0.14a
Local treatment
B4k e

7.54+1.33b 0.32+0.10b 0.11£0.02b 0.35+0.17b 0.46+0.10b
Evenly treatment
*H CK 6.76+1.12¢ 0.30+0.10b 0.09+0.02¢ 0.34+0.13b 0.34+0.11c
K Z Factor F {4 F value
fie i L

51.27 22.45 27.50 18.92 20.06
PSB fertilizer
%K % Family 3.55" 1.62 1.93 0.14 2.23
e R

kalalagiaa 423" 3.92% 4.45% 2.86 5.02%

PSB fertilizerx Family

T AFAV/NG FRERRACFRRIFE 0.05 KF FEFEF, oo =R RIEKRAE P<0.001. P<0.01 fl P<0.05 KF &%,
INGE
Note: Different small letters indicate significant differences between different treatments at 0. 05 level. *** ** and * indicate

significant in P <0.001, P <0.01 and P < 0.05 levels. The same below.
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Fig. 2 Effects of PSB fertilizer treatments on growth traits of Pinus massoniana different families
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Table 2 Effects and variance analysis of root traits of Pinus massoniana seedlings to PSB fertilizer treatments
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Fig. 3 Effects of PSB fertilizer on root morphological characters of Pinus massoniana different families
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Table 3 Effects and variance analysis of P uptake of Pinus massoniana seedlings to PSB fertilizer treatments

F 18 F value
JaEh ik 3 A

845 Index Local Evenly X CK i A AL RE PR TR L K R
treatment treatment PSB Family PSB fertilizerx
fertilizer Family
N E . .
0.296+0.074a  0.206+0.061b  0.149+0.044c 71.49 3.80 437
Root P uptake (mg)
ERER " .
0.226+0.082a  0.203+£0.059a  0.141+0.039b 34.51 4.92 2.88
Stem P uptake (mg)
BRI M
Leaves P uptake 0.552+0.092a  0.487+0.087b  0.327+0.061c 76.89™" 5.91° 6.44™
(mg)
BERRBE R
Whole plant P uptake ~ 1.058+0.210a  0.896+0.150a  0.617+0.107b 4422 3.89" 3.66"
(mg-plant )
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Fig. 5 Effects of PSB fertilizer treatments on P uptake of Pinus massoniana different families
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Table 4 Correlation coefficients between main traits and P uptake of Pinus massoniana seedlings
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R FH Root surface area 0.513 0.390 0.620 0.399 0.911*

HAAFR Root volume 0.601 0.675 0.611 0.485 0.900"
HERE Root tip number 0.740 0.531 0.442 0.698 0.692
0<D<0.5mm K

0.353 0.450 0.384 0.462 0.962™
0<D< 0.5 mm root length
0.5 mm<D<1.0 mm K

0.483 0.445 0.290 0.677 0.933™
0.5 mm<D< 1.0 mm root length
1.0 mm<D<2.0 mm gk

0314 0.373 0.513 0.630 0.815"
1.0 mm<D< 2.0 mm root length
TR Root dry matter -0.375 -0.483 0.993* 0.956™ 0.860™
MR BER U Root P uptake 0.945™ 0.912™ 0.819" 0.852" 0.960™

3 Phig

AP RE Rk FE AT S A T A S B e R R, N 3 T R IR R,
T B L S TR IR HERE 4 K (Hayatr et al., 2010; He & Wan, 2022) . fi# i il (PSB JE)
T — S RENE K L b VA A R A S AR T AR WSO FH ATt 1 R P 8 Y IR AR M IE R (Kumar &
Shastri, 2017; Purwaningsih et al., 2022) . GUHTE (2011) FFJE 1 A8 1 X e A 1 26 K S A 2 R 56
25 SRS WY T f g AL T e A BAT — S IR E . AR 045 SRR W], PSB AEAS Rt FH 5 X
it T FEAA P AC AR K AN R RCA7 (8 S R . PSB AR ) 0t PR A 5 2 A0 e P 2 35 3 0 1 R T
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TR S T T e K o AR B S Bl T R i B A5 0 o 17 B, AR & P AE AT R 4 4
R AREL (BRBEBRSE, 2021) o AN 7045 AR e L3 st BR IR 26 2 T R ] PSB JIERESS 5 S
DRMEARRERKE T . ZENSE (2022) HFRRWEMIEHIE Pseudomonas sp. FEWS B4 52
PR 1 = AR T

R R LA BSRM A Y, JBS KA P E R TR KT S0 E % (Lietal,
2014) o WRFCRW, RN ARTEE e I LIEBE R A A, B SGEE YR REES (Mommer et al,
2012; FKZANEE, 20200 o ASCON T RIAR R MW ER M, B PSB RN T B R EARK.
MR AR RS . S¥50 A, =80 A% D AN T AR R AR K ARk Y 3
LR AT RELS JR) it P A Bk R A 3 B T 3R 20 R R M 20 Al A 5% . Fransen A1 Kroon (2001) BT
WY, %53 e SRS T AR a1 AR AR A DUSR U FRPT A IR 97 0 (R B i AR . IR
Berb 78 2 137 0 B BE S IEAR R KA K (Zhang & Forder, 2000; He et al., 2003; Li et al., 2014) .
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