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Cenococcum geophilum Fries and Pisolithus sp. under low phosphorus (0.05 mmol - L™') and normal
phosphorus application (0.50 mmol + L™") were compared by pot experiment. The results show that under
low phosphorus condition, the mycorrhizal colonization rates of seedlings inoculated with C. geophilum
and Pisolithus sp. are 39.9% and 35.5% respectively; under normal phosphorus application condition,
the mycorrhizal colonization rates of seedlings inoculated with these two fungi are 41.4% and 31.9%
respectively. Overall, phosphorus deficiency inhibits photosynthesis of seedlings, decreases dry mass and
contents of total nitrogen, total phosphorus and total potassium in leaves, and the inoculation treatment
promotes photosynthesis of seedlings, and increases dry mass and contents of total nitrogen, total
phosphorus and total potassium in roots, stems and leaves of seedlings. Under low phosphorus condition,
inoculation with Pisolithus sp. has a significantly higher promoting effect on photosynthesis and dry mass
increment of seedlings than inoculation with C. geophilum , but inoculation with C. geophilum has a higher
promoting effect on nutrient element uptake of seedlings than inoculation with Pisolithus sp. in general.
Under low phosphorus condition, inoculation treatment increases the activities of B-glucosidase, N-acetyl-
B-glucosidase, and alkaline phosphatase in soil, but reduces the leucine aminopeptidase activity, and
inoculation with Pisolithus sp. has a higher promotion effect on soil enzyme activity than inoculation with
C. geophilum. The comprehensive analysis suggests that ectomycorrhizal fungi have an evidently promoting
effect on phosphorus uptake and growth of C. illinoinensis seedlings under low phosphorus condition,
different fungal species exhibit distinct effects on growth of C. illinoinensis seedlings and soil enzyme activity,
and show different advantages in improving phosphorus utilization efficiency and dry mass of host plant.

Key words: Carya illinoinensis ( Wangenh.) K. Koch; ectomycorrhizal fungus; phosphorus application
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level; growth characteristic; soil enzyme activity
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Fig. 1  Morphological characteristics of ectomycorrhiza of Carya
illinoinensis ( Wangenh.) K. Koch seedlings
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P A= 2 T (Cg) TR Eh IR 17 (PS) X 5 1L A%
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Table 1 Effect of ectomycorrhizal fungi on growth of Carya illinoinensis ( Wangenh.) K. Koch seedlings under different phosphorus application

levels and two-way ANOVA (XxSD) !

it HOEAHE (mol - m™ - 5) MU /mm T it/ ET /g BT g
Treatment?’ Net photosynthetic rate Ground diameter Leaf dry mass Stem dry mass Root dry mass
P1-Con 3.15+0.58Ac¢ 5.59+0.35Ab 0.42+0.20Bb 0.61+0.04Ab 1.51+0.04Bc
P1-Cg 4.39+0.15Ab 6.14+0.22Ab 0.65+0.16Bb 0.61+0.03Bb 2.30+0.06Bb
P1-PS 5.50+0.35Aa 8.72+1.58Aa 1.47+0.24Aa 0.79+0.10Aa 5.741£0.04Aa
P2-Con 4.43+0.58Aa 6.46+0.62Aa 1.29+0.19Ab 0.69+0.06Ab 3.97+0.68Ab
P2-Cg 5.11+0.96Aa 6.97+0.70Aa 2.38+0.27Aa 1.12+£0.25Aa 6.72+1.24Aa
P2-PS 5.84+0.86Aa 7.57+0.64Aa 1.63+0.32Ab 0.70+0.07Ab 3.81+0.36Bb
Peyr <0.01 <0.01 <0.01 <0.05 <0.01

Py <0.05 0.642 <0.01 <0.05 <0.01

Pryxp 0.472 0.086 <0.01 <0.01 <0.01

D)5 R ) K 5 B 6 7 [A] — 322 B8 4% 14 A ) i s 2 [/ 22 5% 1 2% (P <0.05) Different uppercases in the same column indicate the significant
(P<0.05) differences between different phosphorus application groups under the same inoculation condition; [F@) 51 A [5) 2 INE B 3 s A — it s 25 14
S T4 1 4 ) 25 5 5 2 ( P<0.05) Different lowercases in the same column indicate the significant (P<0.05) differences between different inoculation
groups under the same phosphorus application condition.

DP1. fH# Low phosphorus; P2 1F % i % Normal phosphorus application; Con: KBEH Non-inoculation; Cg: AP+ A 25 A H Inoculation with
Cenococcum geophilum Fries; PS. A S D3 )& 7 Inoculation with Pisolithus sp. Ppr: EF AL P A P value of inoculation treatment; Pp ; Tt s
JEHRfY P {H P value of phosphorus application treatment; Ppypyp : 1% F i 85 28 HAE 9 P {f P value of interaction between inoculation and
phosphorus application.
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Table 2  Effects of ectomycorrhizal fungi on nutrient element
contents in root, stem, and leaf of Carya illinoinensis ( Wangenh.) K.
Koch seedlings under different phosphorus application levels and two-
way ANOVA (X+SD)V

N AAHA R4 (g - k™)
b ) Total nitrogen content in different tissues
Treatment?

& Root 2£ Stem H Leaf
P1-Con 11.52+2.04Aab 9.81+2.04Aa 21.72+2.34Ba
P1-Cg 14.96+1.74Aa 10.05+0.80Aa 26.38+4.49Aa
P1-PS 10.96+0.27Bb 12.39+1.49Aa 25.25+2.04Aa
P2-Con 12.44+0.69Aa 11.75+1.94Aa 29.67+2.07Aa
P2-Cg 11.93+0.54Ba 12.02+2.60Aa 27.12+1.70Aa
P2-PS 12.99+0.97Aa 9.04+0.33Ba 27.86+1.60Aa
Peyr 0.096 0.944 0.756
Py 0.959 0.823 <0.01
Pypxp <0.01 <0.05 0.078

ARAN SR/ (mg - kg™)

Ak HE> Total phosphorus content in different tissues
Treatment?

2 Root 2 Stem M Leaf
P1-Con 0.65+0.13Ac 0.70+0.26Ab 1.21+0.06Bb
P1-Cg 1.92+0.19Aa 1.58+0.08Aa 1.71+0.07Ba
P1-PS 1.00+0.09Bb 1.07+0.02Bb 1.63+0.04Aa
P2-Con 1.00+0.20Ab 0.82+0.09Ac 1.58+0.04Ab
P2-Cg 1.48+0.22Aab 1.37+0.06Bb 2.13+0.12Aa
P2-PS 1.65+0.15Aa 1.61+0.11Aa 1.95+0.22Aab
Py <0.01 <0.01 <0.01
Py <0.05 <0.05 <0.01
Pryirxp <0.01 <0.01 0.748

AIFHL TR/ (mg - kg™)

b Total potassium content in different tissues
Treatment?’

#8 Root 2% Stem I Leaf
P1-Con 5.81+0.26Aa 4.86x1.12Aa 7.42+0.56Ba
P1-Cg 7.10£0.84Aa 5.37£0.26Aa 11.41£2.66Aa
P1-PS 6.89+0.26Aa 5.47+1.00Aa 11.09+0.62Ba
P2-Con 6.06+0.52Aa 4.02+0.07Aa 12.09+0.45Aa
P2-Cg 6.47+0.50Aa 4.75+0.12Ba 12.46+0.68Aa
P2-PS 6.63+1.03Aa 4.93+0.74Aa 13.05+0.76Aa
Py 0.065 0.172 <0.05
Py 0.487 0.064 <0.01
Py 0.505 0.926 0.062

W [R5 H AT R S 3R A (] — 2 A 2% A A TRt 8 41 1) 22 S d 2
(P <0.05) Differents uppercases in the same column indicate the
significant ( P < 0.05) differences between different phosphorus
application groups under the same inoculation condition ; [f)%1)H A< [F]
NG TR IR () — W 4 11 AN ) 2 1 4 [0) 22 59 W 3% (P <0.05)
Different lowercases in the same column indicate the significant ( P<
0.05) differences between different inoculation groups under the same
phosphorus application condition.

DPl. {& B Low phosphorus; P2: IF % jifi B Normal phosphorus
application; Con: A % Non-inoculation Cg: oy e el i Bz
Inoculation with Cenococcum geophilum Fries; PS. %) 5 o2 & 0
Inoculation with Pisolithus sp. Ppyp: WA P {E P value of
inoculation treatment; Py : FB§AL /Y P {H P value of phosphorus
application treatment; Py : T2 FITLEESE AR P {H P value

of interaction between inoculation and phosphorus application.
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AR ERE K #2580 £ 4 25 A B (Cg) TG T
JE T (PS) X 5T LA Bk 4h i AR YR YL R T it
MG R TR R 0 R 0 B SR 27 22430 L2 3,
SERL R R (PL) £ T, P1-Ceg HYE R R R
PR MBETTIRR Y S T P1-PS 4 (HER A B,
7T TR AR T BT et AR P B 3 (P<0.05) KT P1-PS 41,
ER TR (P2) 2500 T, P1—-Cg 4 401 B T M 1 4 Gy o6
B AR E 35 1 2 T P2-PS 4, B AR 8 5k
RIE M ERANRE BEE B ERAC, 4 R
(AR UL RN DT RRR T B 25 5, e AR 2 TR 1Y
LR AR T AR BRI, P T R
LI ERR T R B TR, EAARB YR
MR K P2-Cg 2 (41.4%) P1-Cg 2H(39.9%) .
P1-PS 4 (35.5%) .P2-PS 41(31.9%) ; B # T i &
M M TR BRI N P1-PS 41 (68.24%) .P2-Cg
4H (41.55% ) . P1 - Cg 41 (28.55%) . P2 - PS 4
(6.48% ) ; BRIAR B BTk % M i35 ZARAR K P1-Cg 41
(41.79%) P2-PS #1(31.98%) .P2-Cg #H(31.39%) .

F3 FEEBKFTHEREREFEN#HZ LZRSHEHROESE
B TFRERETNBTRENZIMENE RS E 54 (XSD)
Table 3 Effects of ectomycorrhizal fungi on mycorrhizal colonization
rate, dry mass dependence and phosphorus contribution rate of Carya
illinoinensis ( Wangenh.) K. Koch seedlings under different
phosphorus application levels and two-way ANOVA (X+SD)"

AR BRI % FARBETTRR %

AR A YLK /o
b3 EM:E{RK%/ % Mycorrhizal Mycorrhizal
N Mycorrhizal X i
Treatment? A dry mass phosphorus
colonization rate oo
dependence contribution rate
P1-Cg 39.9+8.1Aa 28.55+5.12Bb 41.79+6.50Aa
P1-PS 35.5+6.6Aa 68.24+1.36Aa 29.13+8.48Aa
P2-Cg 41.4+2.8Aa 41.55+3.98Aa 31.39+4.40Aa
P2-PS 31.9+3.6Ab 6.48+14.59Bb 31.98+8.80Aa
Py 0.758 <0.01 0.394
Pypsp 0.625 <0.01 0.153

D RIF AR R RS TRk 3R (R — 45 T A A (R B 4 1H) 22 S 3
(P <0.05) Different uppercases in the same column indicate the
significant (P<0.05) differences between different phosphorus
application groups under the same inoculation condition; [F]Z]HAS[H]
NG R [R) — il B 2% 11 S TR) 2 T 4L 10] 2% 5 W3 (P <0.05)
Different lowercases in the same column indicate the significant ( P<
0.05) differences between different inoculation groups under the same
phosphorus application condition.

2 P1. K # Low phosphorus; P2: IE % Jifi #f Normal phosphorus
application; Cg: 2 Fp + 2 25 A 1 Inoculation with Cenococcum
geophilum Fries; PS; A D3 )& 7 Inoculation with Pisolithus sp.
Pevr: WG P {E P value of inoculation treatment; Pp : it T
AL EEY P AE P value of phosphorus application treatment; Ppypyp : 1%
W RS TAE Y P A P value of interaction between inoculation
and phosphorus application.

P1-PS #H(29.13%) , ik B& , A4 25 H X7
AR S v ) TRARAR YL BB 45 7 S v ik, EL e
IR A UAE AN 23 X6 L AR AR e 236 A5 W S s i) {1 ol
S5 He A A A s A T AT A AR R BT R Y
W, R o e ot A s P R AR S KT
L)

H R T 2250 I8 A (3R 3) R R A BT
SIS AR R e G W 2 (P<0.01) 5,
it il AL 38 A S — 35 1 38 AR PO TR AR 1 5T i ARt

AR E R
2.3 AEEBSKETIMNEEREEX T EEE TN
=2

TR A F #4445 B (Cg) Ao Hh
JETE (PS) X 5¢ L AZ Bk &l i 3 vh g 2 W 1 il
(BG) N-Z Tt —B— i % 5 11 B (NAG ) | 5% 2 TR 24 Sk
JOKTE ( LAP ) FOH80 14 B8 92 i ( ALP ) 375 1 1) 552 i B XA
FEHEMIER 4, R ER AN (PL) XUGT,
P1-Cg Fl P1-PS 4l -4 BG NAG Fl ALP {if ¥ &

x4 ATEEBKETIIMNERREEX T LZkL S T EEEHREN
BB W EE T E 5 (X£SD)

Table 4 Effect of ectomycorrhizal fungi on soil enzyme activity of
Carya illinoinensis ( Wangenh.) K. Koch seedlings under different
phosphorus application levels and two-way ANOVA (X+SD)

LhEmD BEEE/ (U - ¢')?  Enzyme activity?
Treatment"” BG NAG LAP ALP
P1-Con  16.23+1.56Ba 27.44+2.15Bb 0.41+0.01Aa 2.01+0.02Aa
P1-Cg 18.54+2.10Ba 30.24+2.25Bab 0.35+0.03Ba 2.05+0.04Aa
P1-PS 19.68:1.68Aa 33.51+2.11Ba 0.39+0.03Aa 2.07x0.04Aa
P2-Con  77.84%2.15Aa 45.13+2.41Aa 0.28+0.01Bc 1.76+0.06Ba
P2-Cg 60.02+2.00Ab 39.42+1.69Ab 0.62+0.03Aa 1.53+0.10Bb
P2-PS 20.44+2.11Ac 36.96:0.26Ab 0.43x0.02Ab 1.48+0.08Bb
P <0.01 0.439 <0.01 <0.05
Py <0.01 <0.01 <0.01 <0.01
Prypxp <0.01 <0.01 <0.01 <0.01

D P1. K # Low phosphorus; P2; 1F H i B Normal phosphorus
application; Con; A #%F Non-inoculation; Cg: #4425 B
Inoculation with Cenococcum geophilum Fries; PS. %5 5 & &
Inoculation with Pisolithus sp. Ppyp: $EWEAEFLA P {H P value of
inoculation treatment; Py : TEREAL PR P H P value of phosphorus
application treatment.

D BG: B-HIEI B il B-glucosidase; NAG: N-—Z, [k —B— 4 % M 1 iy
N-acetyl-B-glucosidase; LAP . = A K K B Leucine
aminopeptidase; ALP. {:BEFREF Alkaline phosphatase. [A]51] H1 4
IRl R i 3R [F) — 3R A (A [ B i 26 10] 22 5 8. 3% ( P<0.05)
Different uppercases in the same column indicate the significant
(P<0.05) differences between different phosphorus application groups
under the same inoculation condition; [R5 # A [F] /NG F 1) F ok [
— il 2% A AN TR % 1 2 1) 22 57 B 3% ( P<0.05) Different lowercases
in the same column indicate the significant ( P<0.05) differences
between different inoculation groups under the same phosphorus
application condition; Ppyp,p : %W AEHESE HAE Y P {H P value

of interaction between inoculation and phosphorus application.
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TXREZH (P1-Con) , LAP {4 T P1-Con 41, {HAY
P1-PS 4 +-3Erh NAG 7G5S P1-Con 4125 5 3%
(P<0.05) , IEH s (P2) &F T, P2-Cg Ml P2-PS
20+ 3 b BG, NAG 1 ALP % PF W 2 i T xf Mg
(P2-Con) 4 ,LAP IGEPER & T P2-Con 4, BEE
WM BERR ARG, 3360 BG A NAG I 1 B4k i 38 IR
ALP WG EFm . SR L F, Sk b 3 2 53 BG
FINAG T M B2 WA, ALP 16 1 2 T o s A S 14
TR AR S T £ BG NAG Fl ALP JfE | %
KT LAP 36, Horp | 350 0 o 2 Bt -+ e Al 5 1
AER TSR L T4 - A= 25 AR

MR TT 22 W e 5 (3% 4) 00 e b #EXT +
Herf BG Al LAP 3% M4 2 35 (P<0.01) 52, X+
e ALP TEPEA 10 3550 5 it i Ab B DL S — 38 A8
HAEFX 3% BG NAG LAP F1 ALP iGPEXA i)
ITES AR

3 i fega

FEYIAE T BERR R I 2 AR S AR A=
ANFER RN A GE A SR TR (%
B wiae I AZ Bk A i OGS E IR T BT AR, X
AT BB 1 T AR 7K - I3 AR A A 4 o Ak A 4 i o
WAMURSE B Z BHL, 520 <AL IT P AR BE AT B0
JeABR TR DL AR e Wl s B T
RN Z 506G E T B 25 20 43 5 2 ARG S M el As 5 1k
A BRSSO T TR BLR, SMER
AR (AT P U 22 5 AN E T 22, REAS I SR 15 32
T 5% 3 W80 A2 0 1 A 0 AR KR R
B ARG SRR AR S T e R s A
AN Bl T 2 b AR TR R T A e 1L Ak
EEOLE R MR T B 2R T B AR T
HERMAREE R A RO B X ST Lk AR Y
EIVER X 5 Bl 25 00 T A0 AE AR B A 5 R A
( Pinus massoniana Lamb.) %18 £ K 8952 Wi AH L2
AW FEEA AN E R AR BB O T, e i
Bt Bt AR R 22 S R BRI AEAR T B & T, W
JUR B2 30 23 BUE AR T B ARk, TEdE
AR B R Y 4 BC R BEA A 318 A
P A=A | 330 PRI B 3G 0 AT AR i A AR A A
ST A AE T SR IR AR R A
eI T B AR R T RESE A M AR B R dE 0

POK (IR0 SIEREOR . S 1 O N N ) o2 O (A 77 S
F AP 52 2l T WSS LLAZ Bk 2l v i B VR
AT i AR SR A T RICR 835 v T AR s TR
RUIAF] A AR L Y 2 2 R P2 A A ],
22 5 AT BB FERE B T AN [R) Ah A TR R LT B D RE 2 A
PEFFAE 22 57 T 850, 0 AR e ingg 32 AR 25 B2 DL K 1
EHRAEE IR LRI,
ABEMEME MY A KT TR S FRUR TR
T A PR S A R R B R rh 4G E D -
AR AR AT S AR ) T A AL AR BIRSE
ST A NY 2y S el ol o AW 0 e o e Ui B
BtV 32 AT I AR AT, T30 TR O B A5 2 i D i e X b i
FIRICRE ML, X 5 O GHE BT 45 AR
RCBA 25 1 N A A= 2 1A TR X 5 LU A% Bk 40 AR
22 M EFRT R R R AR THRCR SR TR 2 5
PR, VLR 25T R RS A AR B v 1E &
FEALEIRAIRE AR, HETC AW K BAME R
WEMIC A B SE e R RE ) LR RS it
B 2 Fofr 1A= TR I T A AN [ I e K SF T % e LU A%
BRI 5 7T 3R WA A ) 1) W AT P SR, o DA —
Ji THIfRRE T ARBE 25 A T B AR S W R S 4 i AR v
A A TR R R AR S A
MRELRHEVE ZREPETE R W0 15 28 FR T R WRWos 177
T IIREZFEEDY . AR BN AR 3 (1%
BAEARIE 5 Tt il , A 2 b AR TR LT ) TA) 1Y) 7 AR
DU G it7 By 2e s (BARBE AR 11 T Hefh 124
2 VAT R 2 2l s T 40 e 58 LR 40 i o AR v
TR RET . W BT A H R
AR DTIRR I 2 & TR W e AR T M S B2 E
TR ) TR AR B DT R R AE 2 P K- T 28 5RO, 2 Fil
AP A= TR L T T AR R 1 e IR A 1) BT k3R O A Bl
AT KPR TGN, FAAE T SN i sh
TInF R B, A AR B Paxillus involutus ( Batsch)
Fr.. Suillus bovinus ( Linn.) Roussel F1 Thelephora
terrestris Ehrh. XF B IRAS ( Pinus sylvestris Linn. ) I
W BB ROSCELAT T R SR A Y SR R TR I
ST A BOR HE AR ) AT S RO BRI fE
T, A T1E FARORBBETR . 75— R R
Y. Bifi 45 W% Wk BE JE S, B M ( Populus  tremuloides
Michx. ) 84 T8 K $2 T8 4 1 0 i 19 % F0 g T —
B X IRTE S AR AME AR B IR R B
Xt AL B R R ARG R R,
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Pl BRI, 06 T A A T AR SR AR IR AE 3 F KO I
Anfaf A A RS AL AT A B — IR AT

ANTR] B8 S0 A2 R AR LT AT LA A AN [ 21 28 ) 240
SN ik i (LS ) | DT 376 A S o 0 MV Pl [
A2 - AT R AL A W R A i T oAk
WHEAE R R B R ER SR AL B 2 i M7 L A bk
2y v L B AR H A N - £ I -3~ 4 W il
T PR AR, 50 R PO 05 1 A, Bl e i
BEHE AR TR . AR E SRR sk 22 5|
AL A A TR R L TR X S Y e R 23 T, AR AN AP A TR
MRETE 2340 0 22 (1 e 12 25 BE AR U 22 R vk 97 4
MBS D, 7 SR BT h B AR T
BELIN, B U5 2 4R 0 T Bl A9 4R B0 7™ AR B 22 A (B
Vi) WA i LI B 22 B9 Wl T R (DB X A B
Ja, FeA TR A PR 22 2 T8 2= M e BR A S AR
PR AR LT L2 9 T A 4 23 RC LA IO BT F) P 58
1B AR K B, AR B A e L bk 4 v
Hh B WA FEE B B, e SRR P SC B (B - A
Y Bl ) 0 VIR P O S g (N - 2 Bt -8 — ] % 1 1 )
AT TR 5 B o TRIRE 3RS R SS LLAZ k&) v
SErPIX 2 PGS PR R BN AR L AR AL, PR A X
— G A AT RER AR IE T ERE A0 T, Wi Ak
g E 3 A ER IR FEARBE AT T,
AR B B LIAZ B )y 1 3 b o R 5 T
B A A A ) 3% 1P S 2 o T AR W R A, R AR
ARIEREOUT WSS LA AR 2 AT e T K iy
A5 2 R 2 e RO 0l 1 Tl 1 A 22 Ak Al L
AR T BN R R IR . ABETEh, SME AR R
AR T T LR 41 v S A (R A S T
IO, Fe b A s AT TR R 2 2l R T T 4 v s b -
FEIHTY I N — 2 It —B— ] 25 W 0 Bk P 1 At 1
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