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Abstract: In order to study the effect of different application modes of phosphorus-solubilizing bacterial fertilizer (PSB
fertilizer) on seedling phosphorus nutrition of Pinus massoniana, a pot inoculation experiment with local and evenly
application of PSB fertilizer was set up. We studied the responses of P uptake and root growth of different P. massoniana
families under different PSB fertilizer treatments through using WinRHIZO Pro STD1600+ root image analysis software and
Molybdenum antimony colorimetric method. 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 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 O<root diameter (D) <0.5 mm fine roots under local treatment was nearly three times of that under evenly
treatment. Differences of root growth were related to the heterogeneous distribution of soil P caused by localized application
of PSB fertilizer under the two treatments. (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<
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 application of PSB fertilizer. The low phophorus tolerance
provenance No. 22 was a much sensitive family, and all growth indexes were significantly higher than those of 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, and this study provides guidances for the management of P. massoniana
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plantation under P poor sites.
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Table 1  Responses of growth traits of Pinus massoniana seedlings to different application modes of PSB fertilizer
i fﬁf% ‘ ' T Yo i W BT W) o
Ttem Seedling height Basal diameter Root dry matter Rool/shoot Whole plant dry

(em) (em) (g) matter (g)
AbFH Treatment
JRiERAL B Local treatment 8.08+1.60a 0.42+0.11a 0.15+0.04a 0.41+0.19a 0.53+0.14a

45 4L B Evenly treatment 7.54+1.33b 0.32+0.10b 0.11+£0.02b 0.35+0.17b 0.46+0.10b
X HE CK 6.76+£1.12¢ 0.30+0.10b 0.09+0.02¢ 0.34+0.13b 0.34+0.11¢
K2 Factor F {8 F value
f WS TR AL PSB fertilizer 51.27 %k 22.45 %5 27.50 %% 18.92 sk 20.06 %%
K Z Family 3.55% 1.93 0.14 2.23
R AE x K & PSB fertilizer X Family 4.23% 3.92:% 4.45% 2.86 5.02%

o ANFR/NG FHRFRRAFR BRI 0.05 K L2503 w0 =f1+43 | RIRTE P<0.001,P<0.01 Fll P<0.05 /K255 B 3%

T,

Note : Different small letters indicate significant differences between different treatments at 0. 05 level. ***  ** and * indicate significant

differences in P<0.001, P<0.01 and P<0.05 levels. The same below.
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Jit e Bt A U A U, R R 3 5 Ak 3L g 45 W
EHESHEARRE LR,
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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
F {& F value
5k SRR Ak B 54k B o ‘ [
Local Evenly TR i

Index CK F REA RE
treatment treatment PSB N A
fortili Family PSB

eriihzer fertilizer X Family
4 Root length (cm) 141.45+19.33a  128.84+16.50ab 116.48+18.21b 6.48%* 1.80 4.57%
MWLM Root surface area (em®)  41.36+12.20a  37.91+8.21ab 34.54+7.89b 11.01%* 1.92 3.84%
HRAAF Root volume (cm®) 1.22+0.34a 1.06+0.54h 1.02+0.22h 8.17% 1.91 2.44
HRIREL Root tip number ( piece) 278+33a 230+22ab 201+20b 7.75% 1.89 3.95%
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Fig. 3 Effects of PSB fertilizer treatments 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 F value
& 1
B, JRr#sab 3357 b i1 i 1 . ik AL
= 7ol b
fiih5 Index Local treatment Evenly treatment CK e e A A K E R
PSB Bad] PSB
fertilizer amily fertilizer X
Family
HR 22 s W i 0.296+0.074a  0.206+0.061b  0.149+0.044c¢ 71.49 %% 3.80% 4.37%
Root P uptake (mg)
RO 0.226+0.082a  0.203+0.059a 0.141+0.039b 34.5] 4.92% 2.88
Stem P uptake (mg)
A eh 0.552+0.092a 0.487+0.087b 0.327+0.061¢ 76.89 ##x 5.91% 6.44 %%
Leaf P uptake (mg)
R 1.058+0.210a  0.896+0.150a 0.617+0.107b 44 22 %% 3.89% 3.66%
Whole plant P uptake (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

BT Rk

Bk BRI

WL Whole Wkt
Root/shoot  plant ~ Whole
dry  plant P
matter  uptake

Him R
Seedling  Basal
height  diameter

a5 Index

I8N 0.463  0.349  0.701 0.431 0.917*x*
Root length

GEELIEA 0.513  0.390  0.620  0.399 0.911%**
Root surface area

MR 0.601  0.675  0.611  0.485 0.900%
Root volume

A% 0.740  0.531  0.442  0.698 0.692
Root tip number

0<D<0.5 mm 0.353  0.450  0.384  0.462 0.962%%*
RE

0<D=<0.5 mm
root length

0.5 mm<D=<1.0 mm 0.483 0.445 0.290 0.677 0.933%*
(SN

0.5 mm<D=<1.0 mm

root length

1.0 mm<D=<2.0 mm 0.314 0.373 0.513 0.630 0.815*
A

1.0 mm<D<2.0 mm

root length

WY -0.375 -0.483 0.993%% (.956%* (.860**
Root dry matter
e AT Gy 0.945%% (0.912%*% 0.819% 0.852* 0.960%x*

Root P uptake

JIE) S — 2 RE A8 Kt 438 vl X V75 25 Wl I i Ay A ) W]
DI FH 285 Wl | 165 10 4L 400 w98 3 9 1 A 0 I )
( Kumar & Shastri, 2017; Purwaningsih et al.,
2022) . ATHTE (2011) JF i T fift i T X A ) i A
S M A R a6 235 SR 3 Y M e w8 T A L
e AR K B — g e R . AR WF 9 45 R 3R
W, PSB A ) (4 it FH 5 =%k 5 2 48 1 R A
BB W AE A B 3, PSB IR R HR T 5 144
it T P 2 1 T R v AR R AR
REBKRTY R ES EZ AR, RH# TR,
25 PRI RE R A 2R W, HG T AR R B A A i
JEfR . MR LG S e 1 AR W X B B 1 o 7 5
SEAEY A 7 W e H L R R ER 4 4 E 6 AR B
(B TWSE, 2021 ) , AHFFE S5 SRARIE o3 hn i3 B
IR 2540 T Jm &0t PSB IR GRS B 55 5 D B
HARRBRWERELT ., FEMNE(2022) W5 &Y

PEFATE AN TE Pseudomonas sp. HE NS i 3 1 5 U
H =R+,

TR 2R A B 0y vl $80% , HOB 25 & ) 6g
Z I EFRICE A 500 3 (Li et al.,
2014) , AFFE I, HEA i ol TR AR 65 3 n 1 1
KA B, 28 2 Y AR R IE A (Mommer et
al., 2012; sKZAN%E2020) o A SCXF R AME R
OB 9E 2 B, it FH PSB AE 2 & 34 1 o5 B A B K
MR MR F R AR BRI %, 5 ¥ 577t FH AH
LU, Jey it FH X6 By 2 A B R AR 3R A K i 42 2 4
W s R RT AR S R P i s T AE s R T
1857 43 19 5 5 M 43 A A G, Fransen Fl Kroon
(2001) WH5E RN, 3% 43 5 50 PR 58 T A ) 38 3k 4
R ZR G A DIARIUE SR BEHL P 19 5% 40 9 02 1 1355
SR, B IR BES b A B SR AR AR A% i
R B KA K ( Zhang & Forder, 2000; He et al.
2003; Li et al., 2014)

Ty AN R AR B TR BE 08 B S A A TR 4R
IWRMAERKER ., EERISE(2015) 758 R Wi
FH Wi o 00 S 8 m T VE K 0~ 0.5 mm EL ARV [
AR R B I e, #1155 (2021) BF5E R
Wit FH A= ) R N e % b 25 12 e R4 AR (D <2
mm) A R R A R, AR AR R
B, 2150 F0 R 3t PSB AR S48 E T 5 B AR &
HAZED<1.0 mm AR M A K, SR 5t FH 383
A1 FHH 0<D<0.5 mm ZHARMR S8 I 73 2 %5,
AR AT P AR 2R WAL R 3 1 R A, FEAS
[) 4 - 39 3% 0 PR 85 T 26 P M A i ) A B AT 9
G AE P 57 3 1 W ORI R R B B R e (Rt
LA 2020) ., K% (2016) BFREW,D<1.5
mm AHH 3 A R TRl WAL AR % I B R T g
T v 25K b IO AP Wl R B ) T AL, AR
RERKW, GREMBRELSSE . D<1.0 mm
AWK GRS R W 2 P A, X2
Jry it FH PSB A 55355 jit FH A Ll 5 R A il 25 W I
i N R

MR F G R AE F7 53 57 01 43 A P45 v i 3 57
A7 R DA RO 5% 43 B W WSCR) FH A7 7 3 35 1Y a5t A% 22 5%
(JA&EFH4E,2005; XHEHL4F,2020) , A WP R
B, SR 3 K &R A K R R Wk it A PSB
JIES g e 37 A A B 2 25 S, BEAR 6627 (VLPH ) FAL
A 5907 (WL ¥ 0 IR BE R IR 1Y) 22 5K R 1E )R
#Bit H PSB ME AL T & A K IR PR 83 & T 10
S50 SRR, X5 R ERiE e AR
ST HRAMIE LT AL,
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4 ik

(R 4E R S R AT PSB AR R [ ite FH 5 =X A
Wi o7 A7 38 3 22 57, Jmy 0 e ) A 2 0 it FH G 5 R
P B AR A K A SE R T B )R e ) e 2
M T AR T SEMRARNERK,H
STHEEAZD<1.0 mm MM AELRE . HA
MR A KN 22 5 2 Ry & FH PSBIE 1 Al 2 Wz 1k
oM EEA RS SRR, 5
Ah, T T s AN TR, S RS AN TR R & it
PSB LM R ILA By 22 5, B AR B AR 5 5 19
2 5 5K Z it FH i ol B I A R, HEAE JRy S Ak B
THEAERBIRE B ES TR R, RGR
Al BEIA 5 i B B RN AR RAE AR b 1 HAE A %, A FF
F ik —2JF Rt Fi PSB B X S B AR R A HL
PR 0 1 B - ST A W R 5 e R BIF 9
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