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By ( Pinus massoniana Lamb. ) Z2I E
T EE T M FCR AR, BA A0 . A
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RS AN R 28 3R H AR S48 1 1 AR SR 4 I
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1.1 iKIEH R

RIRTEHTLA IRoC H 5L bkds (119°01257 E,
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TR + AR )

K HI Excel 2017 B AFHEAT R AL B AHSCETE
HilfE, FIFH SPSS 20.0 k4T 2 K2 J5 22 4 A Al
Duncan’s £ % (a=0.05),

2 HRERN

21 BERMAMEMERENIERARRRES
RN A
T2 MR (3R 1), BREESIIN & AN &%

WA KA B (P<0.01 8 P<0.001), 3%
R AHAR S P KSR P AKCE 43 313 0 8.70%
H121.73%, AR HLFEAR 10.62%, TR AR XD
RSN T MR FLTE W s, XA
FRW (P<0.05), RS 3 KA & AR
AR 2.34% 1 6.40%, =542 FFEAR 4.09%.
AR x X RBYAC AR 5 500 o AN 28 i Hb A
AK (P<0.05). BRI < WAR . BRI < KRA
BEA I < AR x RR M HEAEFHXT S BN
AR FRPRTC 2 R

x1 DEMBR[EERMTFREFESH
Table 1 Variance analysis of growth and dry matter of masson pine container seedlings
iK% Low P f % High P FfE F value
?b /JA\ N b =
Jits WEN R RF o
NM LM NM LM P addition Mycorrhizal Family PxM PxF MxF o
(P) (M) (F)
fif . . 18250+ 0.741 19.489+1.232 20.678+1.471 20.433 +1.483 8.851" 0.210 0.825 0.953 0.759 2.992 1.736
Seedling height/cm
iz s N .
M-I 2939+0.247 3.263+0.204  3.726+0.332 3.859+0.249  66.071 5910 2.745 0.620 0.007 3.730° 2.028
Caliper/mm
B 4A
@11 tt. . 62.402+4.716 59.772+2.708 55.712+3.841 53.192+5.625 22,023 3.663 1.722 0.036 0372 0.251 1.261
eight-diameter ratio
i
Tt 0.674+0.086 0.888+0.104  1.266+0.178 1.473+0.151 154.656 18.330 0.188 0.042 1.057 2.583 0.290
Leaf dry matter/(g-plant )
ETRE o 5
T 0.360+0.041  0.454+0.073  0.590+0.095 0.692+0.100  71.624 10.687 0.910 0.432 0.794 5.154° 1.907
Stem dry matter/(g-plant )
T o o o
. 1 0.309+0.047 0.341+0.052  0.391+0.077 0.503+0.094  25.296 7.166 8.653 6.157 2.159 0499 1.719
Root dry matter/(g-plant ')
BHTRE
Tl 1.342+0.157 1.683+0.192  2247+0.323 2.668+0.236 126.454 17.980 1.592 0.993 1.473 2.969 0.865
Whole plant dry matter/(g-plant ")
WU 0299+0.033 0256+0.039  0210+£0.029 0233+0.047 31783 1830  9.995 12401 0414 1.166 0.594

Root-shoot ratio

VE: e #RFI*RIRP <0.001. P<0.01FIP<0.05/KFRE. FH.

Note: *** ** ‘and * indicate significant in P <0.001, P <0.01 and P < 0.05. The same below.

AR P IR, 53 SR AR P K
TR E SN 24.51% 4 (F 1B, P<0.05),
3ARARLMENE A AR S LT % %
5o NMAAEF, PG 53 5K FR M &Mz
WREKR, m PARFEAR P /K70 55 14.66%
F134.59% (1A, B, P<0.05), LMAMHETF, 155
REAM m ARG KRR, & P AKEEAL P KT
Ay I IN 14.23% #125.51% (& 1A, B, P<0.05).
NM b H#F 3 M H R MR R R PR P (P<
0.05), LMALFE T 155 % & Hi 42 & P>k P

(& 1B, P<0.05), FUIEFHERAED /NSRRI
BT P A MR ERZER . 3IMRARS
BB E P P (K 1C), KUY EEACA F

FRMEAR A AR, 5D RIS
22 BARMAEMERENIERARDRZRAES
BT REMN I

T2 (36 1), BRASIINAN42 0 B8 4R 15
X A T B R R W (P<
0.05. P<0.01 5% P<0.001). & P/KFF 3NHAR
FEARI | ZEFIAR T RO T B AIE P K4y
FIHEIN 74.46% . 56.55% . 37.05% F1 61.62%, Hijt
FEREAIR 19.82%. MR EG 3 KR 25/
R 5 e S Bk T AN R A i N 21.24%
20.11%. 19.96% H120.69%, HIEHFEAE 3.87% (H:
U P KRG 14.32%, & P /K440 10.94% ).
AFRFE R TR (P<0.01 ) FHRsELL (P<0.001)



558 BRAR, SF s BRASHIRIEAN BRAR B0 o FEFAN R 58 2R A8 2 7 00 26 1 S Wi 3R 00 145

A) 30 ) ©)90
W30 5158 No.ts ®) > 158 No.ls 015 % No.15
=1 : o
8375 No37 037 5 No 3T o b B3Ny
4 - cde
o247 "33 No.s3 d e o 4L =B ENoSI _CII_dc dlde £ 7t ¢ ®535Nos3
bed abc C s
S abc E bcd‘I‘ be b bed. 5 be, B beb®® b 2D ab b
h £aba 2b é _I_Cab ab D ‘I‘ H ab a
18 £ 51 . £ saf "
2 5 a g
on (=9 ‘?
= = =~
3 S 5
3 @2t 336}
H NGl
6 1 iz 18
o L L L L o L L L L oLl L L L
P50-NM P50-LM P900-NM P900-LM P50-NM P50-LM P900-NM P900-LM P50-NM P50-LM P900-NM P900-LM
AbFE Treatment AbFE Treatment AbFE Treatment
D) 20, B (E) 1.0 (F) 08
~ | ol Nols od e ~ o 15 % No.15 & ~ 015 No.15
L o37 E No.37 e = o 37 %5 No.37 B 0 37 %5 No.37 e
S 1.6 ™53 5 No.53 e S 0.8} m53%2 No.53 S 06 w532 No53 e
o de o ef fgl ) =
G0 {' > def of 2
5 5 def ‘} 3 g bed
212 be £ 06} £ 05! abed
£ g b g
g =) abe ab
= abab > = bec abed
2 ab b= abcab ab 3
5 08F Jaa £ 04} 5 03¢
9 2 3
= 7] ~
Elﬁﬂj i ]
o4l = 02| = 02|
T H= H
= al =
0 1 1 1 0 0
P50-NM P50-LM P900-NM P900-LM P50- NM P50-LM P900 NMP900 LM P50- NM P50-LM P900 NMP900 LM
Qb3 Treatment Qb3 Treatment 4ib 34 Treatment
© 375,
77| o155 No.15 (H)0.40 8 15 % No.Is
E 837 5 No37 . 03 Nes
S 00l ™53 5 Nos3 f de B 53 5 No 53
2 . o] L 032f [y, ¢ 053 ¢de
5 € -2 Ci
g ‘I‘Efde ‘I‘ [ {_ abed gy ~I~abcd
225} 3 b
> S 024+ al
£ abe deCd £ { b
] abc 3 a
2 sl g
e 1.50 1 a fol6t
E pumy
£ 2|
=
oy 0.75F = 0.08
&‘E\\/
£ olLL . s s
B P50- NM P50-LM P900 NMP900 LM P50-NM P50-LM P900-NM P900-LM
AbFE Treatment AR Treatment

{E: P50-NM. P50-LM. P900-NM Fll P900-LM 43 5/~ AR PKF T AR | R PKE FHEFF . & PKE FAERNIE PAKCE FHFATLE; Lk
A/ NG FRFRA A BEA AR AR AL BN 225 B2 (P<0.05), T,

Note: P50-NM indicate low P level and non-inoculation of L. deliciosus. P50-LM indicate low P level and inoculation of L. deliciosus. P900-NM indicate high P
level and non-inoculation of L. deliciosus. P900-LM indicate high P level and inoculation of L. deliciosus. Different lowercase letters above the bars indicate the

significant difference among different phosphorus addition and mycorrhizal fungi treatments (P < 0.05). The same below.
E1 #BAmiEMERENDEREREERMTRENZ N
Fig. 1 Effects of phosphorus addition and inoculation of mycorrhizal fungi on the growth and
dry matter of masson pine container seedlings

ARFESR, 15 SHRFFIRTIE (0423 g0) BRI < HAR x Z RIS EAEHIX DRI
HARGE EE (0.272) 837 SRR IR 4.70% M P B Jo w85

6.67%, 53 SRR 27.03% H 23.08%. B AR PR, 3 ADFREER G T B 8
A < WIRESZHEAR B EF N S RMARERT  RERIEY, R P2 FEES, &
Fiik (P<0.05), WM x ZRMZEAEMBELW  PAKFEEIES, K PKFT LM A, 535
DRMAEMEZETIE (P<0.05), BRI x ZXHR  FRM, ZERRTEE BT RE IR, 7
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2 B o% #1345

S % NM AL G N 51.17%. 57.85%. 31.34% FiI
48.50% (¥ 1D, E. F. G, P<0.05). & P /K
T 37 SHAZM T s BRI KEK, NM LM
AL R AR P I 106.85% F1 73.36% (& 1D,
P<0.05), 3 MFEAMIEHLE e P<k P (& 1H),
HAE NM b2 22 5 1 28, 6B sl I T 98 57 5
B TR A, $EmH BT s
S, HEMRARE T DIGa/ NS AN P sk
PR TR 2R
23 BRMAMEMERNIERABREZRTRSE
BRI A B R0

Trar iR (3 2), BEIINXTE BN ER
WA E SOk P o B AR B A W S 25 R ( P<
0.001), & PAKFF 3INKAEMEN 25 BRI
bk P SRR P A3 N 35.65% . 20.62% .
16.52% H130.25%, 0. 25, LMK P IRICE 7
AN 138.65% . 90.89% . 60.10% Fil 112.08%, %

FREAR B X D AN A1 P S W, (i
ZHm P& ( P<0.05 BY P<0.001)., 3G
3IAFEMN . KR P A B R BRI
3.72%. 4.08% Fi13.23%, 5P &ihifin 0.38%; I,
25 MR RR PRI BRI 16.85%
22.09%., 17.42% F1 18.08%, AFZERAMR P & &
(P<0.01) FIM I (P<0.05) AR EZER, 53
SRAMRP FEM T SRXAM P W R, 5
A 1.95 mg g A1 0.78 mg- ¥k, BEISIN x HEHRAY
A HAEF A 50 T AN AR 2K . ARAIEERE P
Wt (P<0.05 5 P<0.001), BRI x ZRMLH
VB i 35 R AR P 2 TN AC i S AR P IR
( P<0.05 B¢ P<0.01), BEZHM < HHR x KR
HAEH B P& 2 AR P WOE: (P<0.05).
B x AR IS H AR FHG 5 AN A B R
PRIzl

R DENMBREBRKIRAESNT

Table 2 Variance analysis of phosphorus absorption and utilization of masson pine container seedlings

(i3 [ Fld
B Low P High P F value
B — — _
Index B iR KH .
NM LM NM LM P addition Mycorrthizal Family PxM PxF MXxF =
() (M) (F)
MPEE 0
o 2.191+0.301 2.003+0.284 2.838+0.210 2.806+0.271  81.774 2.089 1.087 1.083 0352 2413 3.692
Leaf P content/(mg-g ')
EPEE
o 1.774+0.300 1.619+0.274 1.959+0.243 2.100+0.163  18.995 0.025 0967 2514  0.029 1998 2.194
Stem P content/(mg-g )
P =N
S . 1.804+0212 1.584+0.384 1.940£0232 1.999+0.167 19.229™ 0884 92237 3321 3453° 1.084 2.100
Root P content/(mg-g ')
Py E
-1 1.990+0.179 1.810+0.194 2.452+0.130 2.464+0.164 120227 2.063 0.826  2.760  0.741 1916 3.195
Whole plant P content/(mg-g)
PR & .
- 1.473+0.268 1.769+£0.272 3.586+0.540 4.133+0.567 232.119 7211 1.732 1.197 1533 0.638 0.824
Leaf P uptake/(mg-plant ™)
2P 5
o 0.632+£0.081 0.727+0.124 1.147+0.186 1.443+0.130 156.599 14.522 0.073 5423 0380 1471 0.797
Stem P uptake/(mg-plant )
HRPHR i i 0 . - .
-1 0.556+0.107 0.538+0.147 0.753+0.146 1.004+0.199  67.985 6.925 4221 15308 79127 1.717 4.658
Root P uptake/(mg-plant )
P 53 e - . .
ERPRME 2.660+0.314 3.033+0.368 5.485+0.670 6.580+0.759 339.861 15.782 2766  6.159°  3.404° 1557 1.562

Whole plant P uptake/(mg-plant )

K PAFET, BRISSRAMP & LM 4b#
B ONM 4k B AR 31.585% 4 (& 2C, P<0.05) ,
3IANEAERP SEARETREES . 159K
ZAE PAKSET LM AL B B B BRI T HAR P& i,
VLB IR AN R iRAR TR A Bh T4 = 3R AU
B, mPAKFET, S35REAZE PRI 155
KEAM P I LM ZbPEEE NM A5 25.14%
H136.48%, 37 5HKZM ., 2£ R P RILE LM 4k

FEAT NM 40 B 517 27.20% ., 42.45% Fi1 33.30%
(B 2E. F. G, P<0.05), 3P BAR L H X5
P/KFT P 37 B X R PRI EA &
HEHER

TAC B EFERE, 155/ 37 SRR,
25 RN P S EBRI N E P>ILP, 535K
R P& LM AL T 5 P KB P /KSE
FEAR 0.505% 41, FHARIIRI N & P>IL P (&l 24,
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Fig. 2 Effects of phosphorus addition and inoculation of mycorrhizal fungi on the
phosphorus absorption and utilization of masson pine container seedlings

B. C. D)., 37 5% & LMALH R | 25 R Bk
PE KK, B PAKFEEAR P AT/ 5K
55.86%. 36.32% Fil 48.33% ( P<0.05); 15 5% %
LM b TFAR P S KK, & P KRR P K
F-HE K 57.54% ( P<0.05) . Joit A& 15 5 Fh A AR
W, 3MRAMN . 25 R P MR RI N
FH PP (K 2E, F. G, H), 15 5% & NM 4t
PR F P SR AT LM AR BER AR PO I 1 K B
K, 15 P AL P ACFE K 168.72% F1162.90%

(B 2E. G, P<0.05), 37 5% & LMAL B F £
P Wi AR P IR K e kK, P KRR
1% P KSR 119.30% Fi1150.19% (8] 2F, H,
P<0.05),
24 EMEIEARRRZRR[HERKNTRESH
SEMRKERHERXNE

ML MR (% 3), AT 375 %R
AR AR AT Bt SR P % AR AH DG
B, HRE 155 M3 5% 4R, #5115 5%
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R

i34 4

R AR T i Sk P& A AR
PEXE, 37 S H 53 S EES, R 3 ASF AR
TANE A B ERE . NM AMBRTR , 37 5H1 53 B4
Ris . Wi, e, 2T REARE S %
PR PRI B A O, R P SR X 2 A4
AT BERME R, LM, 155%KR
ZEFIAR T 5 i 5 R P A RN WA A O 1 3
(P<0.01), 375 M 53 5HKRZ&FEr5 P & aA
WIS AR DG PERRAR, R RN S T 15 %5

K ZT it BEUN P & i MR i i, RIS
T 375 M1 53 5 R RN P Fr i A 9
AN, 37 SR A NM AL R &S P& A
W 5L 2 (P<0.05 ) Bl i 2 SR G (P<
0.01), 76 LM ACER R 5 P Wi S 8 35 A 5%
(P<0.05), EHARBEME, 375XA P S EM
EE AR N, AES AT A, MTiS A
FREAR G, 37 KR PRI S, HAESL
AT,

®3 DEMARBEKNTRES P AEMREEEXRE
Table 3 Correlation coefficient between growth and dry matter and phosphorus content and uptake of
masson pine container seedlings

e B A EE H T E e W=N=R g R
A« iR . i Wi IEM'Tﬂi T 57 ETRE T B &= BRTRE R,
& ; Ei10 Seedling . Height- Leaf dry Stem dry Root dry Whole plant
. Mycorrhiza ) Caliper/ . Root-shoot
Family rd— Index height/ m diameter matter/ matter/ matter/ dry matter/ 1y
cm ratio (gplant’)  (gplant’)  (g-plant™) (gplant™)
kP& &=
;%}ﬁile?)lit P content/(mg-¢”) 0.616 0.932* -0.616 0.919* 0.828 0.853 0.910% —0.698
NM
e
%ﬁljﬁlﬁi e 0.782 0.989** —0.458 0.992%* 0.946* 0.864 0.989** -0.774
15
kP&
%}ﬁle?ﬂit P content/(mg-g™") 0.651 0.997** —0.483 0.928** 0.956%* 0.977** 0.962** -0.317
LM
kPIR i
%ﬁleﬁiﬁi uptake/(mg-plant™) 0.665 0.982%* —0.457 0.982%* 0.981%** 0.975** 0.997** —0.445
kP i
%ﬁlenplit P content/(mg-¢”) 0.814* 0.899* —0.890* 0.918** 0.807 0.717 0.889* —0.905%
NM
BRRPIRI
Wlﬁileﬁﬁﬁ’ uptake/(mg-plant™) 0.945%*  0.985%*  —0.925%* 0.998** 0.951%* 0.875* 0.993** —0.937**
37
Brkp A
Wlﬁfle?ﬂit P content/(mg'g”") —0.353 0.809 -0.797 0.867* 0.707 0.775 0.834* —0.045
LM
P i B
V%Eﬁ:ﬁi%i uptake/(mg-plant™) -0.598 0.885* —0.922** 0.979** 0.869* 0.903* 0.967** —0.044
A P/"‘\E‘
%}ﬁlegplit P content/(mg-g”) 0.462 0.450 -0.413 0.523 0.471 -0.060 0.455 —0.891*
NM
CRRPIRICE
%ﬁleﬁlﬁi uptake/(mg-plant™) 0.934**  0.922%* -0.780 0.982%* 0.964** 0.692 0.966** —0.909*
53
B iR .
Whole plant P content/(mg-g ™) 0.675 0.326 0.012 0.657 0.478 -0.071 0.569 —0.830
LM
P =
EiphE 0.543 0.660 -0.433 0.939** 0.802 0.386 0.913* -0.703

Whole plant P uptake/(mg-plant ")

VE: RAPBUEBINFE, = F*5 R RP < 0.01F1P < 0.05/KF 3.

Note: the values in the table are F values. **, and * indicate significant in P < 0.01 and P < 0.05.
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Effects of Phosphorus Addition and Inoculation of Mycorrhizal Fungi
on the Growth and Phosphorus Utilization of Masson Pine Container
Seedlings from Different Families

HUANG Sheng-yi', WU Tong-gui', CHU Xiu-li*, WANG Bin',
WANG Xiu-hua’, ZHANG Dong-bei’, ZHOU Zhi-chun'

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Zhejiang Provincial Key Laboratory of Tree Breeding, Masson
Pine Engineering Technology Research Center of National Forestry and Grassland Administration, Hangzhou 311400, Zhejiang, China;
2. Shanghai Botanical Garden, Shanghai 200000, China; 3. Qingyuan County Experimental Forest Farm,

Qingyuan 323800, Zhejiang, China)

Abstract: [Objective] To study the differences of growth and phosphorus absorption and utilization of second-gen-
eration families of masson pine (Pinus massoniana) container seedlings with different genetic background under the
interaction of different phosphorus addition amount and inoculation of mycorrhizal fungi so as to provide guidance
for precise cultivation of high-quality P. massoniana container seedlings,. [Method] Three second-generation famil-
ies of P. massoniana with different genetic backgrounds were used as materials to observe and analyze the differ-
ences in growth and phosphorus utilization of different families of P. massoniana under two phosphorus addition
levels (low P: 50 g-m™ substrate, high P: 900 g-m™ substrate) in two plots inoculated with mycorrhizal fungi and
without inoculation. [Result] The results showed that phosphorus addition promoted the growth, P content and P up-
take in all organs of P. massoniana container seedlings from three families. The seeding height, caliper, whole plant
dry matter, whole plant P content and P uptake of container seedlings with high P level were 8.70%, 21.73%, 61.62%,
30.25% and 112.08% higher than those with low P level, while the height-diameter ratio and root-shoot ratio were
10.62% and 19.82% lower. After inoculation, the seedling height, caliper, whole plant dry matter and whole plant P
uptake increased by 2.34%, 6.40%, 20.69% and 18.08%, while the height-diameter ratio, root-shoot ratio and whole
plant P content decreased by 4.09%, 3.87% and 3.23% respectively. Mycorrhizal fungi could reduce the differences
of caliper and root-shoot ratio among different phosphorus addition levels, and the growth differences among famil-
ies. The interaction of phosphorus addition and mycorrhizal fungi significantly promoted the P uptake of container
seedlings stem and root, and mycorrhizal fungi promoted the growth of P. massoniana container seedlings more sig-
nificantly at high P levels. The growth responses of different families to different phosphorus addition and mycorrhiz-
al treatments were different. The effect of phosphorus addition on family No. 15 was the most significant, and that of
mycorrhizal inoculation on family No. 53 was the most significant. Family No.37 was more balanced. [Conclusion] The
effect of phosphorus addition is more obvious than that of families and mycorrhizal treatments. In order to further im-
prove the cultivation level of P. massoniana container seedlings, reasonable fertilization should be carried out accord-
ing to the different responses of three families to phosphorus fertilizer, and the P utilization efficiency can be im-
proved by inoculating mycorrhizal fungi.

Keywords: Pinus massoniana family; container seedlings; phosphorus addition; mycorrhizal fungi
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