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WE., ERERRNERFTH, IRELAFHTIFEHT, SHBRALA L EML Pinus massoniana %8 £ K F {2 7T
TR Ha, EREAN, ODETIEHET, 2 AR ARAREEZRZIBGAY S, 2 2D ERRF4H, B
FEEA, FEFFRELEBGZFREE PEATFHAREMNEBE Cantharellus cibarius *T38 &, WiEEA
FOR RAF, 2 A e X RRIE A 27 8% A7 52.9% ; HAT IS M E Suillus luteus Spl A AR A FREXR R
BB 230%, QAT EMAT ) SPEARRT G RAMELENIRT —EHrh, EPETEWAR BMABIR
SLAMFHE Spl B Kb sk . WARERETSHRE, WA RS 135%, 33%, 155%H 96%, 4 & Wit
T, BHBARALFTFASpI WG RTE, &, AFRFFRZTSHS EF K FHETRARLYG R RREX, o
R A 419%, 46.1%, 130.7%4 49.0%, % EFrik | Wb et | BABIRILFNFE Spl IR FHRORE,
Rt At E L X GBN, tmiREHRAER REGARITIR, B1EA3 K15
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Growth and microelement absorption for Pinus massoniana

seedlings with ectomycorrhizae and water stress

WANG Yi, DING Gui-jie
(Institute of Silviculture and Ecology, Guizhou University, Guiyang 550025, Guizhou, China)

Abstract: According to the principle of adjust measures to local conditions to choice the fine strains for af-
forestation, at the same time make mycorrhizal biological technology applied to production practice preferably.
The effect of ectomycorrhizae on growth and microelement absorption of potted Pinus massoniana seedlings was
studied in a greenhouse, by inoculating Pisolithus tinctorius, Cenococcum geophilum, Cantharellus cibarius,
Suillus luteus respectively and control group, under the conditions of four levels water stress that make the
relative water content of soil, to moisture conditions, light water stress, moderate water stress and severe wa-
ter stress. Results showed that ectomycorrhizae significantly improved growth (P=0.01), ground diameter (P=
0.01), and biomass (P=0.01) of P. massoniana seedlings with drought stress. And the double factor analysis
of variance showed that highly significant differences (P=0.01) were also noted between the various strains, mois-
ture, and the interaction of strains and water. The seedling by inoculating Cenococcum geophilum had the best
growth increases for height (27.8%) and diameter (52.9% ) compared to control group under the conditions of
moderate water stress. And the seedling by inoculating Suillus luteus Spl had the best increased for biomass

(230% ) compared to control group. Ectomycorrhizae fungi could effect the seedling to absorption of microele-
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ment under the conditions of water stress. The seedling by inoculating Suillus luteus Sp1, had the high content
of Fe, Mn, Cu, and Zn, and compared to control group, seedling microelement absorption increased for Fe
(135%), Mn (33%), Cu (155%), and Zn (96% ) under the conditions of moderate water stress. In addi-
tion, the seedling by inoculating Suillus luteus Spl, had the best increased for Fe (47.9%), Mn (46.1%),
Cu (130.7%), and Zn (49.0%) compared to moisture conditions, under the moderate water stress. Thus, in-
oculation with Suillus luteus Spl undergoing moderate stress could increase biomass, improve seedling absorp-
tion of microelements, promote seedling growth, and enhance seedling drought resistance. [Ch, 1 fig. 3 tab. 15
ref. |

Key words: silviculture; Pinus massoniana; ectomycorrhizae; water stress; growth; microelement

PR AR T T e R e R B M P A AR SN B 224 IR T ROCER | K A iz K B R AR P A A i
A2, TR e e AR P B 22 DA ) A 2B K SR i i I B K AR S, AT S AR R — M B 3R B
HAESCRY, AMTHEYERET, REEY i, MY IEw e RS RT, AR 2R K

BEFTR, ERELENMEITR, METRIEEY E ARG E EENA G, ef15H
Pe B e L Bk G YR MR BB DTG, XYM Ty R R E B EMEN ., Bar, &1
A AR T AR O B AR RO T R AR R 7 T D ARl AR T R T, WRSE A AR RAR X B
FEAR Pinus massoniana ¥ AR T WM I AT B0, #6718 AR K B AR e 5Bl T AR K A 7 I FRAR
0, DATIT PA] st o) Bt 6 D10 L ) T o R A R R S b, R A W R B e e 7 80 A = S

1 MR ROT

1.1 iR

IS A HE . WIRFLA IFE Suillus luteus Sp7 (&K S7), I FLA B Spl (RIFR S1), XSl
Cantharellus cibarius (FF% G), #E 5%) Pisolithus tinctorius (&/FK C), FAEZSHH Cenococcum geophilum
(ATFR T), X HORER (ck) . KIRF R DM, Fh% A ST A ES LR AR
1.2 BEFHERIEFR

W22 3R (5],
1.3 MFRITELE

VEFERPRLAR G 1Y S R A M T, WKk, RIS IR 8Ol 75% 1) CBERTHIE T 1 min, JCE K o
4, ARG 45 ClR/KRFM 24 h, WO AEE, BT 25 CHERAAME, 7205 F e
AR, R AR TN LL AR R BB S TSI, f AR 92 ARG M, IR B
T A WA T EE 10 d JEREF . ARk T HEAE S R KT S N (T 0.14 Mpa, 124~126 C)i#E 22K
W2 h 5. SRR A N 25 em x 28 em, JEBUECH 95%1) L BEHEHUR B R K R Ak B FR
WS k-4, AKE AN SR, Ml T ag BEAR BT . 2% 0.060 g-kg™, 4 0.360 g
kg™, 2P 1.496 g-kg, ARUA 66 mg-kg”, AW 11 mg-kg', AR 164 mg kg™, # 16.3 mg kg™,
Hh 8.2 mg-kg™, Ml 1.6 mg-kg', #¥ 5.6 mg-kg!, ZLHANEAG 2.9 g-kg, CHMETE 0.4 g-kg!, LI 58.8 ¢
ke,
1.4 FEFA0EE TR

RERNFIE R Rl 64T, SRV ZRAE T 20, SR B IR I i TR 22 OB TE B R b, SRR O R i B %
P TR b, R PR RO TR R L, B
1.5 Rt

IR A RUA R BEALIX IR et . R A b B, 4350°h 87, G, SI, C, T#ick; HEB
N FE AR S5 AR K SR (65+5) %, FREEIIE (50+5)%, R MME (35+5)%, R MME (2545)%.
HE 3R, 5B, 28k

P A KBy 1 AR AR A, - POKE M, 2fIKEIEEERKE, TTRTR
B IR HIE S KRR R ARA, RETEIRENBE AR T 28, &R E
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Figure 1 Effects of different ectomycorrhizal fungi on the heights and ground diameters of Pinus massoniana seedlings
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Table 1  Two factor analysis of Pinus massoniana seedlings in mycorrhizal fungi and drought stress

Hi Hu A GE7/
AR S A R
Bl /em F1H LS KM /mm FH E L3 H{H/g F1H S
A R EAR B 40.4 1.03 0.000 3.80 379.11 0.000 12.16 9.80 0.000
B TR Aab 43.0 1.09 0.000 1.90 184.59 0.000 1.92 1.55 0.000
AxB 39 99.47 0.000 0.29 28.49 0.000 1.23 9.88 0.000
R 0.39 0.48 1.24

B P<0.01 &R Em MR .

212 AUE  EASMERR TR D E R LAY RN (R 2), MRS FMAT, AR
M 5 MR AR AR W A T R HL AR BRI 25 S A B (P<<0.01) , BEZK A e, %
Tl S7 F1 G M A B W B BT, W EAD ST, C AT B9 A B AR B N e 5 e, Horp 428D ST
HC A ATE S R a B ik fec K, 43 5 L X BEE 0 2309% A1 111% 5 4280 T B9 ¥ A FE 52 BE W3 i ik i Kk
FEXT HE BN 268% ., 56 FEAS PR S a8 2 0 R 0B, DATA AR ST RUR s, BAIAZE T R EBUK &4 T,
R S1 B REHGSR AN W T RE,, B T B R MRS R AE K

ETREMT, AMERR AR D SR N AN A T3, R AR &R A 42 4R &%
REME, Hit, WRAEARRE S ES TR, FTREAFT, IMEHBERFRDERSHA
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Table 2 Effect of ectomycorrhizal fungi on the biomass of Pinus massoniana under drought stress

TR Al Hy 1 34 g HF 34 g Bk g HRIE I AR /%
EH S7 3.51 1D 1.43 eD 4.94 D 0.41 bA 75.1
G 2.82 eD 1.63 D 4.45 eC 0.58 eD 72.3
Sl 2.81 dD 0.74 cA 3.55 dB 0.26 aA 65.3
C 1.11 bA 0.62 bC 1.73 bA 0.56 dD 28.8
T 2.22 ¢C 1.12 dC 3.34 cC 0.51 ¢D 63.2
POt 0.78 aC 0.45 aC 1.23 aC 0.58 eC
L35 S7 1.96 ¢B 0.92 ¢B 2.88 ¢cB 0.47 ¢B 57.1
G 2.44 eB 1.19 eC 3.63 eB 0.49 dC 66.0
S1 243 dB 1.08 dC 3.68 eC 0.44 aC 64.8
C 1.26 bB 0.57 bA 1.83 bB 0.45 bC 32.7
T 3.04 D 1.50 fD 3.51 dB 0.50 eC 72.8
X HE 0.71 aA 0.53 abD 1.24 aC 0.44 aD
Ll S7 1.70 cA 0.86 bA 2.56 cA 0.51 eC 55.5
G 2.46 eC 1.17 dB 3.63 eB 0.47 cA 68.7
S1 2.54 {C 1.21 eD 3.76 fD 0.48 dD 69.7
C 1.67 bD 0.73 cD 2.40 bD 0.44 cB 52.6
T 1.89 dB 0.71 bA 2.59 dB 0.37 bA 56.0
Xif i 0.90 aD 0.24 aA 1.14 aB 0.27 aA
Gl S7 1.99 eC 1.080 fC 3.07 eC 0.54 fD 64.14
G 1.87 dA 0.897 dA 277 dA 0.48 eB 60.22
Sl 2.42 fA 1.031 eB 3.45 fA 0.43 aB 68.10
C 1.34 bC 0.580 bB 1.92 bC 0.43 aA 42.82
T 1.64 cA 0.752 cB 2.39 cA 0.46 dB 54.03
popitst 0.76 aB 0.340 aB 1.10 aA 0.43 aB

BT e [ — 50 B RO A A [ RN B S B 0 ) DA s BT S A 28 5 190 59 5835 K F

A, Rl IR R A, BRI RXE K i, $RE T RPLREE T .

22 FTESBHETHIEEREFNSHMETENZM

221 MR E;AWGHe RE I, HEKSFET, RRMML G ESE S TR, %58
i) 22 5 3 (P<<0.05) . SRTIRE T2 Wb i, WA BBk 2 TR, FRE . DM
a3 AR C, ST, G B AR it 40 B &, A0 AR IR N T 126% ,  135%F1100% .,
FER —PAFP, AN T 52 Joip 3m Ak B 0] 8 R Bk BT o 4 8022 55 3 (P<<0.05) . SIE# K &ML, BT
R, AR ST VAR M T R A BB IR K, I8 55.5%; FEHE TSR, %R S1 B AR AR T
SYBOEIR IR R, 15 47.9%; fEHEETRPEant, (R G B AR R808 T IR K &0, Bk
20.9%., ULPHERNG , XS AR UE T AR AE R, SO B IRE TR AR R R A W i, R T 44 AR A K A
PRk,

222 STERESHAFH EMEDKSFET, FEARL DB B & TR, B A
] 22 5 2 (P<<0.05), BTS00 g, BReeslh ¢ 4b, Hoh AR PR R BOR R 2B BT, 7F
R RE T 5L aE B AR ST A B KR T o B, BN BRI N T 34.5% 5 v RE RN BE A A DL b
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S1 AT AR R B2 B i, o0 B BRI T 33.1% M1 59.6% . 1Al — B AP, AN [R5 30 40 B8] 1 A%
JrE B 2E R B (P<0.05), SIEHKSFAMMEL, RN T, BER C WA M4 58 4 50 18 i
K, i550.1%; TE BRI B MA R, A ST B R A9 HR 0T it 2 B e de R, 40 ) L X BRI T 46.19% 1
79.0% ., Wt B A A TR AR TR A AR 2F B RO B WA, LR v B RN T A R, BERR ST XM i B R SR
WSO8 SR e -

223 TARREL BN o0 HME TR O R E A — g R, ELUAS [ R AR R R RN — B
A5 TR AP 22 5 25 (P<<0.05) . BfZK 43 Wibae f 38 in, #EAh S1ORT T B AR J5 a4 HI0% B kG s #E A ST,
G A C T AR B o B e, R T R A p s ok, TERREE A I, R C A
SRR, BN IS N T 128%; rh EERIER FE T SRR A AT, R ST 0B AR BT B R, O B4
AT 155%F0 3.75% , TER— TR B, AS[F] - 5 Jilram 4b 38 ] 9 A4 ot 7 450 22 57 B 3% (P<<0.05) . SIEH# 7K
Gy SAEARLE, TERREE T SIA T, $EF C BB AR T 5 40 B0 IR i Kk 21.9%; 16 FE W36 F i B2 8
T, 4B ST P A B RO R A K, N 130.7% 1 14.5% ., UL EE AU BT SR R, BERh ST
Al i A T T AR B I

224 MHERE;HEGFn SR XD R YRR — 2 s, S 2 R
(P<<0.05). BET5-WrE Gy mfgl, BREefh ST AT Ab, HA AR SR T & o BOZ W, TR . A E
FEME B, A3 LAERD C, ST, T M ARBEITE 0 B i, 43 B BRI N T 106%, 96%, 22% . %P
TR, R A AR IT BOIAR T IE R Ko SR, LRl C R R B IR /N (2.56% ) . FE D
FERIEE BT 53 N, oAb ST R BE I = 40 305 IE R K A3 S A LU IS R RO, 4 S R ik 49.0% Fi
29.3%., UiWITEH EE A BE M A R, FEAD ST 68 W PR ORI A

225 BB EL KNG o0 SMETEH Y B IR ES 0 W TE W] AR SE R T, H b B R 2% S
(P<<0.05). BT 5-WraE i, A BT i /- BB R ST B s, TERREEMM A T, 3R S7 By AR 5
ORI, HUXT BRI T 152% ., R AV BERA B, 3ERD G ORGP AR ES IR R B R, 4 L X R
T 90%H1 127%., FE[F—FEFF, AN [F] 5 i A 3 [a) i oA 85 5 i 20 8025 53 B 35 (P<<0.05) . S5 1E % K4y
MM, fERE TR, R ST WA, IR SO0 IR e KA 147.4%; e T 2T, 2
ST B A 5t it 4 B R e KGR 55.5%; FEE T RNE T, BRAR AL ARSI BSOS AR T IE H K A &
fF, HEF ST Wi RFEIE /N (37.1%) ., PI UL, ERET5EMEE T, Hefh S7 BEAR JF B A 45 4 Wi, 1
FEEE TR T, A AR BN BB A2 2F B A 85 1 W A 18 B A1 ) = 8 5 K o 2 00 ) A A ) 85 114
W

226 MEMRETH;HNYH  RBETREVEOE, R C 08 AREE IR 80 LT X AN, AR
KRAE A 7K A3 A BER B BB A3 B0 v TR HLA Ab B E] 22 57 3 (P<<0.05) , BT SR aa gl i
v C AP LA B AR T A BOR W G I . AR L R EE R B R, A DAEERD ST, G, T BB ORBE T
R R, BT BRI T 35.6%, 56.2%, 67.6%., fERl—FRR, ASE TSR0 b B R] AR T
SHREF AR E (P<0.05), SIEFEKSFMMEL, FERET RO T, B0 S1 M A I 7 B0 iF &
Kik 12.8%; TEHEETRMa T, FeAh S1 AR EE BT i 70 B8 e oKk 203% ., TEHEE T5a T, #%
v T ¥ A SOt 40 B3O W e Kk 23.2%, W OL, ZEPEE TSR e, HEFR ST ORER AR HE B R X BE I M
T AE 5 R A i, BeFp T A7 BE AR 2 v A BE i i,

3 Zw 5t

HhA TR AR REARE i B AR AE R, SMETRR AW R EEWRR R G, B8 THARIEA, 87 HEERIE R
PG N, FPE T AR ARBCE SRR RIE , AR TR R B AR, AR RN, £ T 5
A, BARALTE AR AT A R AR R A, MR T A K 43 R WO 4 R R BT SRR T, b AR v AR R
Koo AR R B AR AR SSCRANTR] £ v 32 Tl Bsf P P A 2 P BR G 1 R L M AR (R A R B, 0 ol X R
PEE T 27.8% 52.9% , AP IR FLAR B Spl X i AR ZE Wy AR F AR e W B, B BRI T 230%

TRIEE TS, A A AR T R R TR B RCR — e SR, X5 AT N RIS A R A B
BT RN, AR O T SRR B, AR B s, A AVBRRAR; TEhE T R
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Table 3 Effect of ectomycorrhizal fungi on contents of microelements in Pinus massoniana seedlings under drought stress

TR A il Bl (pgg™) i/ (ng-g™) i/ (pg-g™) B/ (ng-g™) 5/ (pg-g™) Bl (pg-g™)
E# S7 363.7 aB 182.5 eA 14.8 aC 55.1 aD 10.7 bB 3.2 bA
G 470.6 cB 177.6 dB 15.0 bC 55.6 bD 13.7 cB 3.6 bAB
S1 540.1 dB 144.9 bA 15.3 cA 55.5 bB 10.2 aB 3.2 bA
P 957.5 {C 328.5 {C 26.0 {C 79.3 eD 32.5eD 4.1 cC
T 550.9 eD 154.5 cB 16.3 dC 67.2 cB 19.8 dD 3.6 bcA
Xif e 365.1 bC 144.1 aA 20.5 eD 76.7 dD 11.2 abC 2.4 aA
7 S7 565.8 dD 207.2 eD 17.8 eD 50.3 eB 28.2 D 3.1 bcA
G 439.2 cA 174.4 dA 15.2 ¢cD 49.4 dC 20.7 eD 3.2 cA
Sl 574.0 eC 154.7 cB 15.4 dB 35.3 aA 15.5 dD 3.6 cAB
P 962.4 D 493.1 fD 31.7 b 77.3 {C 4.9 aA 1.0 aA
T 431.3 bA 153.5 aA 12.6 aA 39.4 cA 13.4 cC 3.7 cA
X B 4227 aD 154.0 bA 13.9 hB 37.5 bA 11.2 bC 2.7 bA
H S7 465.6 bC 196.7 dB 12.4 aA 43.4 bA 17.8 eC 3.1 bA
G 594.0 eD 186.5 cC 14.0 ¢B 47.4 ¢B 18.3 fC 4.0 dB
S1 798.9 D 211.7 fC 35.3 b 82.6 fD 14.3 cC 3.9 dB
P 4742 cB 206.5 eA 16.8 eB 52.7 dB 14.9 dC 3.4 beB
T 543.4 dC 182.0 bC 15.3 dB 72.2 eC 8.4 aB 3.7 ¢dA
Xif I 340.0 aB 159.1 aB 13.8 bA 42.3 aB 9.6 bB 2.6 aA
HE S7 353.7 cA 200.6 bC 14.0 cB 52.0 cC 7.2 cA 3.8 bB
G 569.1 {C 237.0 eD 13.6 bA 46.9 bA 8.5 €A 3.6 bAB
S1 538.6 eA 259.3 D 17.5 {C 71.7 eC 5.3 bA 3.8 bB
P 202.2 bA 209.2 cB 12.2 aA 39.1 aA 7.1 cB 3.5 bB
T 447.4 dB 211.5 dD 17.3 eD 74.8 D 7.9 dA 4.5 cB
Xif I 285.0 aA 162.4 aC 16.9 dC 61.4 dC 3.7 aA 2.9 aA

Y] s ) — 9 B A A TR RN B SRR ) DAy 3 B S 22 N B 19670 5% 5235 K
R, EMIEIRFLAE IR Spl EOARER . AL WA R B R, A AIBRER . A BCRIT R S AL AL
KA, BN X T A& AR, BEE TP BN, RS B LA T Spl REHVE IS R
A, AR R TR B BOZ W, AR M E I, AR ERFL AR AT Spl A BR Sl o R e
IR BT REZE R R B K, Sk SEHRAT By T4 i RSN T R RO RE Ty, LR UL R AR ST A I K AR I X
F S SRR RT3, RS B AR S 30 BEAIAS R A, AT S A A T B AOG 5 A A IE R E
7, 1R F EAR AR IR

Libprd. ETRAMT, SMEFERERRE TS REMMNRBIIE, BT FY R HER, it
Mife it TAERRAY ARG, XA RS o 2 i e B — 2 o, AR T R A R, RS IR LA T
P Spl 7 A= 1y B SR AN 1 R Bl U R W T T 2R 5 ROR IR b . A EAR IR, T REE T, mT
AR R IEE RN BRI | R E SRR BT 2257, SO 6 A AR R AR DRI %
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