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FEE iAW) M 3R b 8T 2 ke B R TR 9 5% S A AT o 1o R SRR I AR AL SR B i AR IR e
WSS T R UTREIE N 50T FM A BRI ECRRIN Zh ARG 1 5 3R 0 B ASE R, 0 Th AN S i AT T A R AN AR O . (R (8
5. L8 ( Pisolithus tinctorius ,Pt) 5 BRIP4 V& ( Suillus grevillei ,Sg) ) LA K 4 PR EWEERM .0 kg N hm™a™' (NO) | 1E# B I
30 kg N hm™a™ (N30) , H B & VTR 60 kg N hm™*a™ (N60) |5 BE R IIFE 90 kg N hm™a™ (N90) , 3t 12 AM4bFR I E T S A I
M TR E TR MM TR A, 45 R RS T8 R0 R 70 D B AN I LR R B i, T R AN B
(P) f5(Ca) Bk (Fe) i (Mn) B0 R BIFE N6O ik S I FH , 11 24 Fir A M) 1 83 T 5 R AN U T R s, TR 2 il o R
EIRICER O BT e B I A 1 1 55 ( C) bt 2RV B8 1 T v 1 T o AN, Nt e 32 1) T s i 8, AR R A
(K) \Ca Bk (Mg) 341 it 22 ¢ B A T T AR AR, AR TAR R € R o R A& ik, (H7E IR — i /M T, SR M B AR
B (EMF) J5BENS 2 B K ZHn R 05 2, N9O BRI ZL 4= A ( Sg) A E D3 (PY) B F N & & 5% B Lb 4 i 32
B 112.6%F1 138.6% MR Z N E g 20 B4R B 73.1% 71.6% ; N6O W 3:Rh Sg F1 Pr BUAR AR I H- P & 4 LU AN It R 32 0 ) R 43 1) 42
BT 166.3% 132.9% M2 P &4 T 40.8% 38.5% . EMF e84+ My 55 43 S | M T R {1 w25 it 220 1 %o A 4 1140 5% i)
SR 3R R ARAMRARARE S R IR 2R EMF R LR Y R G2 A i, M I8 5 5 o IR B A9 00 2P i ke i ik A
PRALHS AR E

EHE AU AMERRER DR E R LR
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Abstract; Quantifying the content of elements in the aboveground and underground parts of plants is significant to
understand and predict how plant nutrient balance responds to changes in atmosphere nitrogen deposition. A field experiment

with ectomycorrhizal fungi and nitrogen was established to investigate effects on nutrient elements in Pinus massoniana
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seedlings under the background of increased nitrogen deposition. Seedlings were subject to nitrogen additions, which were 0
1

kg N hm™a™'(NO) , normal nitrogen deposition 30 kg N hm™a™' (N30) , moderate nitrogen deposition 60 kg N hm™a”
(N60) , severe nitrogen deposition 90 kg N hma™' (N90) , and symbiosis with ectomycorrhizal fungi (EMF) , which was
Pisolithus tinctorius and Suillus grevillei, a total of 12 treatments. The contents of macronutrients and micronutrients in the
leaves and roots of plants were determined. It was found that nitrogen addition changed the content of nutrient elements in
the aboveground and underground parts of Pinus.massoniana, and P, Ca, Fe and Mn of seedlings reached the critical value
at N60. When the input amount exceeded the nitrogen requirement of seedlings, nitrogen deposition would reduce the
content of nutrient elements in Pinus massoniana compared with the optimum concentration. With the increase of nitrogen
application concentration, the C content in leaves of Pinus massoniana seedlings increased at first and then decreased, and
reached the maximum at N60, while the nitrogen content in aboveground and underground parts increased with the increase
of nitrogen application concentration. The contents of K, Ca and Mg in roots and leaves decreased with the increase of
nitrogen application concentration, and nitrogen application also decreased the contents of C and micronutrients in roots.
Nitrogen application also decreased the content of root C and micronutrients. However, under the same nitrogen addition,
EMF could increase the content of most elements. Compared with the control, the leaf N content of N90 inoculated with Sg
and Pt increased by 112.6% and 138.6%, respectively, and the root N content increased by 73.1% and 71.6%,
respectively. Compared with the control without nitrogen application, the leaf P content of the plants inoculated with Sg and
Pt increased by 166.3% and 132.9% , respectively, and the root P content increased by 40.8% and 38.5% , respectively.
EMF can maintain the balance of plant nutrients, thus reducing the effect of high nitrogen application on plants. It provides
a theoretical basis for inoculating EMF under the increase of nitrogen deposition in the future climate change scenarios to

regulate the element content of plants, so as to achieve more environmental element balance to promote growth.

Key Words: nitrogen addition; ectomycorrhiza fungi; Pinus massoniana; nutrient elements

Bl NI 807 A B35 T B S W et BE I el AR H 4 e, O AR 25 R G Ry s el sk H R
S BRIEE i AR TR R VR R I R R T SR FRE R A Bk = A R AR X
—, BAR AV (AR a3t Pl KA s TR (AR M m AR A TR KT KRR A DTRE BBz
[ R R A K B TR E I L i R A R IR BCE SR AR R 3 B A KR T
ZUIRE R AR A SR E R RS A i SR B ECEEAMEA . P RS ENEES
S R0 X6 R W AT R[] AR BB T, -5 i) A 0 A A 3 i 1) 22 S5 T s 00 23 52 i R A %o At 35 3 JT 3R 1
WA A, 18] H 9% (Helianthus annuus) | H ¥ ( Zinnia elegans) JS AL ( Celosia cristata) T4 ( Cosmos
bipinnatus ) TEAS [F]ji 0k BE AL FLS | R BCS B  BE s 00k BE i) T i e (R 6T 4 Ry HoA B 5RO R
B AN AN BT 6] H2E5 (Mn) Bk (Fe) FIBF(Zn) &, B0 1A HSATL(S) Al Mn &, B0 1 X9
AL (Ca) JBE(Mg) JFe A1 Mn &5, Yan WF5E T i X HU R IF (Arabidopsis thaliana ) A= FVE 37 W
SN R B UGN T SR T U o BRI 2 e, DT RE n A R AR A AR K T
R A A TR )0 A8 R T 3R B9 WSR2t R0 2% T SO R R AT XA ) 7 LR SR TR

HMERARETE (EMF) AT LU R ZBHEYIE A O R AR 5 7 A0 1 B T T 22 AR RE 6% X 4% b (0 B2 A8 W)
AARIE B2, RIS REAR S ) R 22 BT AR B A 1o 3] 1 38 P AR P B 2244 EMF HLA {2 b f Bk Ak
FORE SRR W B 5 R AR B A A AR AR s B A BE U Wen %5 & B, 45 Rl EMF (9 B AR ( Pinus
thunbergii) /4 2, B, B & & 35w TR ER MR . Wang S B 58 & I, B R EMF AT DL B A2 K
( Cunninghamia lanceolata) . (N) Wi (P) &, N Ae dE A8 FR 696 & 4E H AR AL Arteaga-Leon fiff 57
TP EMF X8R (Pinus ayacahuite) FFRICER % 20, 2 IS ARIERIGT B L, #5280 EMF 3205 7 N
P Mn . Fe & ol UL RFEMHIPIA EMF 414 ARRIA A KIREE RRES iR g6 8 R A 22 5

Hh R A A SR RO TR L 5%, R b 2 B R 9819 0 D — A, SR 1 2030
BRIBIEF 2060 B Al H AR C4E . DL AN ( Pinus massoniana ) £ 1 E R )7 & AR SesE i fh 1o 2 sl gl oA
PR G T H 55 AR LA S R BF I AR . FATE 1989 41 WRi% PO B R A AR TR AR 47
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A S Y, RIS 27 FhoME B R AR S HA AT A R E D8 ( Pisolithus tinctorius , Pt) 5 R FL 4
HFEE (Suillus grevillei ,Sg) F& T EE A LAY (11 RAAEERS | BRI R AR (0 5 D REAEFRAE 2 R Fy
ERIFR N SR I P UAN(K) \Ca Mg M5 i, AR FRIGRE T EFOT R M BRE R T . FIEER
PR R T AL BT A A E TR LR RE US4 = D R AR R P N P Ca Mg & 5, U4 EMF 76— &
FERE b 0T LASE A e X I AR G 1 35 U R AR RIS R 20 A5 LA S5 R ARSI R il 3 b ), 437 it 260 A
FAh EMF XF 5 A K e R MG o R & 50, 5 75 MY E F2 00 M B2 AR 1T EME X B R A AR K A 52
B, I EUZR A AN J2 3 3R A 78 (03 L DAl 42 EMF X 55 AL 40 78 3R 0 3R IS RE T i 52

1 MRS

1.1 KR

PR Fh M JE IR ZL A= A Suillus grevillei ( fRiFK Sg) AU AT 5% Pisolithus tinctorius (fFFK Pt) , H H FEIAK
MBI 5T B ARAAE S IREE 5 B SRR I 5T T il A P O S B 0t B VR T R TR R R A2 T AL B AR
TR T R 1 9% 30 d, A KRS VR M 45

BERAEY A 1 AEAE S AT, B R A AR BT sk Bl AR R SR AR VO R (121.3 €,
103.4 kPa) 4L K 30 min 545, SRHAEAIME N 20 emx15 em, JH 95% Z W54 )5 i+, 44535 + 3 kg,
TP PR N 2R 1.01 g/kg, 20N 0.54 o/kg, 2814 1.53 g/kg BALE N 47.28 mg/kg, HAHE N 8.97
mg/ kg , AN 90.17 mg/kg, BHLF N 13.97 g/kg,pH N 5.97,
1.2 it

BT 2021 4F 1 H—2021 48 11 HFEMIIERR A =00 22 DCRRAR AR 25 R G0 [ 53 S WL B R i 04T, Ll 2
P8 JAt 4 30°38'14"—31°11'31"N, K45 110°0°04"—110°18"41"E , iZ X &FH-FR DL T B A Ky 32, M i AR AL 25
PR 5 LIk 48.8% 1 64.29% ™) UTREREH 30 kg N hm a2V SRIWH ZHEHLIX 4R 0 5, I E— R
FEFAL IR 5350k Sg P AR IR (CK) 5 P oM it 00 3, AR 4 122 b DX R AR U DT &40 R DU A~ 7KF-.0 kg N
hm2a™", IEH UL 30 kg N hm2a™", VLI 60 kg N hm?a™", BT 90 kg N hm2a™", 3t 12 b B A
ARFE 100 45,3 1200 Zh, BRI S — 300 S B , AT 70% (v/v) WIAETHEE 15 s, SRR 12518 K
PR R B LT AT 3 A S IR NL, AL S B EA S mL P BRTR, AEFL 1 RS, X HR
FEAS mLKIE R, RERE 2 ARS8 1 IR, LA/ INI BRIV, et /A BERT, #h i A 3 A, LARIES)
W5 EMF 2R3t R, 258 H I 7 — Rt 2 AL B NH NO, IR MTE | L 28K b W58 g% 25 R A4
B A kk B - AT, B YR 4 E O(NO) ,0.714(N30) , 1.428(N60) , 2.143(N90) g/L FlHREZ A .
1.3 Bk

e 1 2 1 U

KL T R SIS B AR, 3 200 HfT . RS EfARIL 4 mg £ 5, fH Liqui TOCII 43 #74X ( Elementar,
L ) 7 AR X g S A T

R BB

LT A e RRRL P AR i 43 0 0T s AR 3, 1 BIL IR A (KjeltecTM 8400 Analyzer Unit, FOSS-Tecator,
TR N AT, ) TS A R Y B B BE Ak RV A I S O R T o o
(Hitachi Z-2000, A0, HA) MEH 55 B Bk G, SIRIBRI &
1.4 HdRibH

i SPSS 17.0 FHATECIEAL ] . SR BN Z A1 Duncan YT 7 22 0 M Z H L («=0.05) , /1] Pearson
PXF FAL R AN T AN C R S R TR0, I Excel 2003 BRPFVER, A8 A E X AR e 22

2 ERE5H5H

2.1 R LIS EMF X AN A AR Z 0 5 8 1Y 2R
HIPE 1l S R AR BT AN 0 I ik B 280 B T s S IS AR, N6O I ik Bl i R AL, 7
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NO 1 N30 Ff 270 Sg BUAEAR I Rk & i T3 P, 5% BEAH LU 204157 . 2411 ¢/kg (11.22 9/kg;7.76 ¢/ke
4.79 g/kg, TE N60 F1 NOO 47 Pt AURE AR e & & 5 THERD Sg, 5%t FEUMH HE 43 42 15 . 24.38 ¢/kg \15.98
2/kg;31.92 ¢/kg 16.30 g/kg, ARFERMAEIE I B & it LLAE NOO B E ATt &0 AR 42 Rl BB T 7.99 o/
kg, FERH EMF 1 Zh EAAME R Bk & 80 T AR AL R, N6O 4270 Pt MR ROk & B e, SUR & 7 20 i & W
(F 1), B A B i FIHS 2R B 5 B 52 ) I 25 (P<0.05) | Jitl 20 AL B K, — 3 52 HAE F I 1 FIRR 2R i & B3
AN I 2 (P>0.05)

B FRAENE 5 BGEDY O kW

azgg: a 460 1
i L ab &D450- a a
& 510 abc abc 5 % a
< 500k abed : 2 440 | & ab
i 5 fbed bed abed b 3 (= = -
@ Hor s i; bed ] w5 430 | |5 = ab[g
S =N = S, & e LEF = g
-;:LEE:Z((;_: = S $§410-.: H b | =|m=
R = = = 2 = = R=
=l8450-3'5 = = ® 3400 |5 = NI=
< a0 | B = = © 390 | |5 = B
VLTI O | = = = 5380--25 = N=
40 LI = = 370 LI = 1=
0 30 90 0 60 90

Jiti%g % N application/(kg hm2 a™!)

B 1 MEEREEMSMEEREE(EMF) MR FIRZBRS 2NN
Fig.1 Effects of N fertilization and exogenous EMF inoculation on leaf and root C concentration of Pinus massoniana seedlings

BUE A PR AEE (n=6) ; AR F R R RPIE ZAI7E P<0.05 /KT 2548 3 (Duncan’s test)

1 HERLE EMLERFEENIE/EANDERYESTUERNRM
Table 1 Effects of nitrogen treatment (N), EMF treatment (EMF), and N x EMF on the parameters of Pinus massoniana seedlings

e Rl b B Jiti AL B T b B il SR A B
ECLA Inoculation treatment ( EMF) Nitrogen treatment ( N) EMFxN
Paremeters

F P F P F P

M F i & 1 Leaf C concentration 4.95 0.01* 2.95 0.05™ 0.75 0.62™
I F (& & Leaf N concentration 60.57 0.00** 28.36 0.00** 8.86 0.00 **
I #5%H Leal P concentration 45.75 0.00** 6.26 0.00 ** 1.03 0.43™
I F#4H Leaf K concentration 80.73 0.00** 55.49 0.07™ 0.28 0.94"
M F 4518 Leafl Ca concentration 22.04 0.00** 2.67 0.07™ 1.76 0.15™
I 8 & & Leaf Mg concentration 1.44 0.26™ 6.98 0.00"* 0.21 0.97™
I F 4% & Leaf Fe concentration 42.74 0.00** 5.52 0.00** 2.75 0.04*
I H%% & i Leaf Mn concentration 24.60 0.00 ** 1.82 0.17™ 3.68 0.01°*
M F-4d 254 Leaf Cu concentration 0.17 0.84™ 5.02 0.01" 1.04 0.42™
M F 4S8 Leaf Zn concentration 4.15 0.03* 1.26 0.31™ 1.14 0.37™
AR B Root C concentration 3.72 0.04* 2.15 0.12" 0.59 0.74"
R AR T H Root N concentration 16.62 0.00** 46.55 0.00 %" 3.27 0.02*
AW Root P concentration 29.82 0.00** 5.28 0.00** 1.62 0.19"
R ZH 5 H Root K concentration 13.36 0.00** 64.42 0.00** 2.60 0.04*
HZA 57 Root Ca concentration 11.96 0.00** 10.39 0.00** 1.62 0.19"
RS Root Mg concentration 5.08 0.01* 19.93 0.00** 0.41 0.86™
AP B Root Fe concentration 11.45 0.00** 33.44 0.00** 3.17 0.02*
R 4 5 Root Mn concentration 11.24 0.00** 17.04 0.00 ** 1.19 0.35™
R 24 % & Root Cu concentration 2.18 0.14™ 0.82 0.49™ 3.26 0.02*
M RFES 5 Root Zn concentration 4.03 0.03* 4.49 0.01" 1.44 0.24™

% P<0.05 KFTFHIE;  « P<0.01 KT BE;ns NEE
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2.2 KR EMF X5 R A K IR & R R

% 2 A i A B S AR T AN A I B N A, S IR (NO) AH L, N30 N60 AT NOO b #fiE
AR B N B, HERh EMF AEARAY N i3 2w TR PR R | LB it S0 B T i 1 i, N9O
B, b Sg A1 Pt 1Y N & 5 5560 B b 3 il 55 7 112.6% 11 138.6% ,CK 25 T 95.5% .,

AN S AN A P fr R B S B T R S S S BRI B (3R 2) | HE R S R R R R Y
TE N6O HF Ik ) i AR, 3R Sg A1 Pr IUREARIT B P 35 5 FUANTt R0 32 Fh % B0 348 55 T 166.3% ,132.9% , A
FEREARIE = T 24.2% , 0] VLD EMF (9 5 AN R P & S FRARARR BE /N T A M AT A

el EMF FIAREZRD S RS i R K A Mg % 15 A A BL Y 28 A R i it 200 B8 o 1T AT (L 4 e
EMF fURERE K Fll Mg & 34 T AR RIE , 200 Sg DRI A Ca S 7E NO B H Bl K (H, Pt Al
CK 7£ N60 Af Bl RIE (£ 2) .

MR R T 225 BRI (3R 1) LR 3E HB BAA G it R N P K Ca Y2 b 2 (P<0.01) , Jifi Z AL 2E
X B AT N P Mg B M B35 (P<0.01) , &8 HEAEH Rt B N &AW B m(P<
0.01),

x2 HESEMPERREENIERGEHRXETENZIN
Table 2  Effects of nitrogen application and inoculating ectomycorrhizal fungi on concentrations of micronutrients in the leaves of Pinus

massoniana seedlings

8= v T A 2 ap 5 B
N application(kg N hm™2a™") Inoculation N/(g/kg) P/ (g/kg) K/ (g/kg) Ca/(g/kg) Mg/ (g/kg)
0 Sg 9.18+0.05¢ef 1.06+0.11bed 8.26+0.20a 4.19£0.17a 2.09+0.22a
Pt 8.54+0.15fg 0.99+0.07cd 7.86+0.17ab 3.66+0.16abed 2.00£0.22ab
CK 7.37£0.19h 0.60+0.09¢ 6.91£0.17cde 2.78+0.10e 1.76+0.18abc
30 Sg 11.70+0.35d 1.36+0.17ab 7.68+0.15abe 3.23+0.08cde 1.99+0.17ab
Pt 9.74+0.67e 1.12+0.03be 7.39+0.21bed 3.55+0.03bed 1.74+0.21abc
CK 8.02+0.23gh 0.73+0.08de 6.70+0.12de 2.93+0.18e 1.68+0.20abc
60 Sg 12.26+0.51d 1.60+0.20a 7.41£0.09bed 3.98+0.20ab 1.47+0.07bc
Pt 12.71+0.52d 1.40+0.04ab 7.10+0.47bcde 3.88+0.33ab 1.51+0.03abe
CK 9.37£0.23ef 0.75+0.07de 6.44£0.24e 3.11+0.25de 1.41£00.18hc
90 Sg 15.68+079h 1.53+£0.13a 6.74+0.42de 3.64+0.20abed 1.46+0.22bc
Pt 17.59+0.08a 1.30+0.10abc 6.71£0.19de 3.76+0.26abc 1.36+0.19¢
CK 14.42+0.07¢ 0.63+0.08e 5.65+0.19f 3.07+£0.03de 1.31£0.11¢

CK . K 3ZFh uninoculated control;Sg:E%?Lq:H?—I% Suillus grevillei;Pl;%ﬁ@Egiﬁl Pisolithus tinctorius ﬁ{ﬁj{lﬂjﬁt@i(ﬁ%(n= 6) ,IE]E”J?
TR E Z [E1E P<0.05 E"J7J($‘F§%Z:E%( Duncan'’s test)

2.3 A MR EMF X5 AR 5 iR T R B

Rl EMF 95 B AA G B e Fe 5 o I it 280V B T v 2 BRI S T35, N6O B 38 31 B 8, =22 I LR fIK
(%R 3), BAE — a2k B T 3 TR AR . REEFIRE R EEFT Fe 7 i Bl il 2200 B T80 e B IS i, 7
N60 B H B 5 /ME , T EMF FEARTE N6O B i Bl KA, 3R Sg Pt 4331 L X BRER &7 73.27% F11 48.99% ,

el EMF 15 A i R Mn 55 5 Rl it 0% BE s SER (RS T, N6O B R /M (3R 3) o A4 A
FERRI - M 35 0 it it 200 B8 T 3 e T 3 5 B AR, 76 N6O At H BB K {EL, 7€ NO N30, N60 #1 N9O Hif, 42 Fil
EMF FAEARI - Mn % 503508 T AR BRI

Bif it Ak B T v, A EMEF 5 AR 2 R 55 R A 4 vl i R (Cu) B i 34 2 SR RIS T e R AT Y i A
(#3) . NO N30 BHZFh EMF fE#RI - Cu & SR T ARAZFMAE R, N60 \N9O B #5:Fl EMF FEFRI R Cu % & =
TR,

Wil v B T 5 R EMIF () 55 BB ARG ¥ I B (Zn ) 5 B3 2 e RRARS TH s i R 3 AR 2 3 Sg
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FAIREAR T R Zn B iR/ IMELH BEAE N6O I T Pt BRAE N30, AREEFAEAR I F Zn % Bl 220 B2 T v i T
5, 7E 0—90 PUANIE R IE , $5M Sg HUAEIRIT A Zn S T ARERIRAR (£ 3) o
XUHZRTT 2200 W R W (3 1) AP AL BT B RAA L BT J7 Fe \Mn BOSZ WA B .25 (P<0.01) |, Jiti 040 B XS

Fe AU 2 2 (P<0.01) , X} Cu A9

0.05),

Table 3  Effects of nitrogen application and inoculating ectomycorrhizal fungi on concentrations of macronutrients in the leaves of Pinus

massoniana seedlings

£3 HMESEMIMEREFENIELRSDEHKRETSHZME

M 5 3 (P<0.05) , “FHZHAR X A Fe Mn & 54 0 3F 0 (P<

—
. ﬁfp’f‘f/ » etk B ” 4 &
(kg N hm™2a™!) Inoculation Fe(me/kg) Mn(mg/kg) Cu(mg/kg) Zn(mg/kg)
0 Sg 75.90+1.78ab 248.42+23.26abc 4.84+0.20abc 14.06+0.96ab
Pt 66.09+0.84cd 285.12+7.08ab 4.74+0.20abc 12.20+1.03abc
CK 54.82+1.53efgh 184.79+18.59de 5.33+0.19a 10.18+0.89¢
30 Sg 65.21+1.24cd 239.10+17.09bc 3.98+0.31c 13.78+1.07abc
Pt 60.54+2.44cdef 238.26+20.11bc 4.19+0.18bc 10.91+0.87hc
CK 50.42+2.24¢h 206.92+13.92¢cde 4.28+0.51bc 11.38+2.05abc
60 Sg 80.12+8.85a 235.01+8.03¢ 4.71+0.09abc 11.56+1.91abc
Pt 68.90+2.14bc 227.86+13.66¢d 4.97+0.22ab 13.35+2.75abc
CK 46.24+2.19h 210.12+5.64cde 4.35+0.34bc 11.73+1.95abc
90 Sg 62.54+2.26cde 291.83+1.93a 4.53+0.33abc 14.91+2.09a
Pt 58.25+1.37defg 290.19+19.82a 4.59+0.08abc 13.66+1.90abc
CK 51.51+1.91fgh 168.61+14.51e 4.38+0.21bc 12.06+3.42abc

2.4 R SIERD EMEF X RAMR R KR ICER & AN

it AN HE R T RS R N SR (K 4), SRR (NO) A, N30 N60 F1 N9O 4b 344 i 23
MR R N &t HeFh EMF MR N 5 it 35 0 2 8 TR AR bk | L 52 it 200 B8 1 v 1 T v i 3
7E N30 N60 FI NOO —Ajifa U T, B2 b Pt S BAMR R N i = FHER S, 55X B b — 3 40l 4= 7
24.8% 23.9% (N30) ,53.6% .37.2% (N60) ,73.1% 71.6% (N9O) .

F4 HESEMIMMEREFENIERYEREZEAETESNZMNE

Table 4 Effects of nitrogen application and inoculating ectomycorrhizal fungi on concentrations of micronutrients in the roots of Pinus

massoniana seedlings

T e A 02 B 5 B
N application(kg N hm™2a™") Inoculation N/ (g/kg) P/(g/kg) K/ (g/kg) Ca/(g/kg) Mg/ (g/kg)
0 Sg 5.85+0.19fg 1.29+0.03ab 7.69+0.33a 4.56+0.13ab 2.28+0.06a
Pt 5.80+0.29fg 1.22+0.03abe 6.98+0.04b 4.79+0.14a 2.17+0.01ab
CK 5.44+0.26g 1.03+0.09cde 6.75+0.18b 4.46+0.20ab 2.07+0.08abc
30 Sg 6.74+0.19de 1.21+0.02abe 6.37+0.27bc 4.51+0.14ab 1.96+0.18bcd
Pt 6.78+0.14de 1.05£0.02bcd 6.61+0.17b 4.57+0.05ab 1.82+0.14cdef
CK 6.24+0.21ef 0.80=0.10e 5.53+0.20de 4.22+0.04bed 1.68+0.11def
60 Sg 7.46£0.12¢ 1.45+0.11a 5.13£0.12def 4.48+0.21ab 1.88+0.12bcde
Pt 8.35+0.33b 1.43+0.03a 5.77+0.02¢cd 4.45+0.19ab 1.7120.07def
CK 7.28+0.21cd 0.87+0.02de 4.98+0.06efg 3.80+0.20de 1.57+0.03ef
90 Sg 9.33+0.03a 1.36+0.01a 4.69+0.41fg 4.38+0.07abc 1.60+0.04ef
Pt 9.41+0.23a 1.20+0.01abe 5.43+0.21de 3.91+0.24cde 1.65+0.11def
CK 8.53+0.24h 1.03+0.18cde 4.43+0.23¢g 3.47+0.15¢ 1.55+0.07f
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FeFh EMF (9 5 RAAGIT AR R P 3 i Bl 220k B2 T v SE RIS T, 76 N6O I ik B KAH J5 TR (3R
4), H¥EFD EMF MIRERRAR 2R P & 10 i 3 TRIEFIRE IR , N6O B, #58h Sg F Pt MUREARIR R P & i LAl &
AP B4 4= T 40.8% 38.5%

HeAh EMF FIREERD S AR R K Ca Mg 75 2t 349 Bif it 260k B T 3 1T R A1, L [ — i R0k B T, 42
EMF fE#E K Ca Mg & & m I TARIER MR, (F4).

MR Z T 2250 W R WI (3R 1) LR AEHIXT 5 EAR G AR &R NP K Ca URZ MK i 3 (P<0.01) , X Mg 5%
M) i 3 ( P<0.05) , Jiti AL BEXT Hy R AR R R G R A 3252 0 ( P<0.01) , —F s BEAE XTI 7 N K %
A BEEM(P<0.05)
2.5 A SAERD EMEF X5 RRAME R IR TR & R A N

FERD EMF 5 R3EF B E RN AR R Fe 5 5 il 0% B T 5 SE RIS T i, N6O Ik B di iy, Z I X
REAR , ELE[R)— it 20k R ¥ TR R AR (£ 5) o N60 I, #5Fh Sg 5 Pt MUREARIR &R Fe & 5% AT
$L 55 26.6%F1 28.4% .

x5 HESEMIMEREEXNDSERABERAMETENZMN
Table 5  Effects of nitrogen application and inoculating ectomycorrhizal fungi on concentrations of macronutrients in the roots of Pinus

massoniana seedlings

it A/

N application/ A . & i & ) B
(kg N hn-2a-1) Inoculation Fe(mg/kg) Mn(mg/kg) Cu(mg/kg) Zn(mg/kg)
0 Sg 3126.91:£90.35abe 132.56+2.18a 103.53+16.32ab 16.20+3.19ab
Pt 3034.82:30.38abe 110.98+1.39ab 96.82+9.22ab 19.36+1.92a
CK 2950.76=108.33bed 81.64+8.99¢de 91.19+12.15abe 14.52+2.07ab
30 Sg 2268.47+73.04fg 66.65+1.29de 105.45+9.48a 11.37+1.41be
Pt 2267.22+8.96fg 61.43+4.60de 98.43+2.36ab 15.06+4.34ab
CK 2238.91+66.93fg 56.93+0.69¢ 80.00+1.30¢ 9.04+0.90c
60 Sg 3314.82+73.97ab 96.25+5.87he 88.43+1.31be 16.24+2.59ab
Pt 3363.36+217.34a 85.69+2.07bed 100.51+3.37ab 12.045.30be
CK 2619.01=142.97def 72.53+6.83cde 96.85+6.32ab 13.21+2.06be
90 Se 2822.73=132.45cde 95.49+21.97be 88.63+7.83be 14.35+2.55abe
Pt 3187.35+191.37abe 86.38+3.65bcd 90.86+6.96abc 15.16+2.92ab
CK 2544.74+72.93efg 72.82+8.73cde 94.54+4.32abe 12.131.66be

Bl EMF 5 R EFP 10 5 AR LN B AR 2 Mn 55 2 B it 280 0% B2 T = Se BRI T v 5 B T AeUaE , N30 B HE 4
/ME(F£5) ., 7E NO N30 N60 F1 NOO i, 57 EMF AUREARIT B Mn 25 52 5 T AR RIE

FERPFIFT EMF 9 5 BAAAI R 2R Cu & 5H7E NO N30 I35 TR HE R B, T 76 N6O I 355 S 1048 Bk
Cu & AR T ARBLFHER , NOO B FIFN EMF FEARIR R Cu & 23K T AR EERALRE , 20 51K T 6.2% M1 3.9%

Bifi it 80 BE T =, R EMEF SR EEFP ) 5 BRI AR 2R Zn & 3 SRR AINS T PR AR 0y a3 AR TR
SRR Sg IAEARIR R Zn &5 B 5 KB R e/ IMEL A3 31 H B0 N6O 1 N30 B, 1 Pt HBL7E NO 1 N60, CK 3
TE NO FI N30, (%£5),

R E T 2253 Wi 220 (36 1), $ERh b BRI it AL X 2 ARG AR R Fe \Mn BUFE I 2.3 (P<0.01) , %f
Zn [FFEMR 0 35 (P<0.05) , —E L HAERXIHR R Fe Fl Cu & i W30 (P<0.05) .

3 it

PR ISR 3 i | BEAIR SR 3 ) TE IR, 488 e AR 14 97 43 WRSOR IR A R
N A BRIV MG & AR T RE AN AE P T 5 IR0 34 N A5 AR S XHE A K B IR u R IRIG™
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A RIRAION 20 ARG e, — AR Pt R T AN A G B SR s R S, M A R T
I A B RN BT 2 T R AAE FROT R & i B VR J3E I AR, 3 5 88 5 DR A5 X A2 R I IF SR 45
— 5 Ih R b LR L 2P ) SR R b e 2R R A B I X — 25 RS AR AR S R S
FIBFTE 530, Gurmesa %5 & B, RIVEETE VGRS AR bR b Al 47 th T REMR IS 2 i 80, 3t 30 4
THFREER AR AR AR TGN T S A M R R 2 i NV DA N N BTSN, A A
B ATED | S E AN G PR P9 2R 5 m 4 0 i [ et 2 X HL A 5 33 o 2 7 AR R IR AR BE A S e, it S8 hn T 5
AR A C P Mn it FEIKT K Ca Mg AR R C KRR M & X 5 AR R4 AR —5 7
IR R WA RNES XS T A AR R, AT R B, S AR e YR R A H TS ECE R
HRA R RO AR BT A OB AL & 40 00328 B 32 B AR B ECRRIT AR AR S R G rp N I (5
M, Hogberg SFLEFARIBR A HIY C 7R B & OG- AVE = A= 97 C A& W 2 PR s e B 31 T AR L 1 T 22 40T P40
B, {FbtE 280 it 22 ) D 2 i S D A R A e 7 AR g v S AR AR R T Y C i it 2R T 1 T
= T B R AR, AR EE (N60) i die i, 25 B (N9O) B, iX 5 Wang S5 XHHIAAFI Meng 5 X744 (T 5
SESR Y UL R B RIS N iR T DRSO AN RS T C D RS ERE T
By, X F B TAER R TN, Wt ] FEZH U0 i ik 2 98 GG P W RIERR iy A= (AR BB & 1A #1)
FHEDIER R C N LA PINTE B RAER C N FEPRT i il 20 B 3k X — Y B R 4R R, — ROk, A&
FEXTHIY) P AR AT LU PO EERL P A IRSORT P FRIROSOR B T RIS AR IR R T B R
FAYI T H T 585304 A ) B FOAR R T AR A ) T DI 2 19 3% 40, 1 il R AR K R 2 A T RE 23 il
2 P FRI, LIS A 3 RE Py RS b PR R DAAERE N/P Ak, [FIRE, R
REM AR AL PR A NOS NH; 38 2 EE 2 ik it — 2R NO; M 3 34858 i gy 1 £
()4 8 B 7, Bl K™ Ca™ \Mg™ I BUBT 1) TCHLER T 8O P 7R P R 36 25 78/, 55— J5 Tl NH; 62 i o 2
PRSI NHE DT X AR 3528 WO 7 BRI A | AR S50 2 70 R 35 v (P ] S 0, R i A 52
B A < 3% St 2R B % AL A T 1) 7K B AN B N A SR TR W AT R S B A SR T R 5 1R
R A

EMF fgt8 515 FHYR R ILA TP B 22 AR BURCHE B WO SR W T, 52 M A AR 32 Fidth 138 FR e R 1)
ErR S oA FE TR AR A KOG A R BUR A AR TRRAAE N BeRh EMF L E B T DR E 5 AR S 1 11
AR IR BSR4 RBFE AN TRDE U B, 4560 EMF 3542 55 1 Sh R A4l i Hb L3 A b 3
REITCRAMEITRI S &, HYE KRR, N STRTEAY AN 5 HABIT R 09 BB T 4847 78 18 B0 [
HPY X — 91 T D) S (AR ) 7 0 A, P A 7 A B TS ) X 2 R DT R 3 A ) A 7 0 T B 2 2 A
Z 0 i EMF BE8%3E i KA AR 2 O BUR BUE 2 (4 37 0k B B Ko ER A kY 7E
T3 TR BB B A K AZ BRI EMF ]38 of 5 48 AR R A 58 U T 22 T 22 A4k 3 B AR R A5
B 2B 75 F A I (ane  URIBR A ) MR 50 1 oAl e A i R RE 0 ) i 7 AR B 22 1k 2 5 1
e, BRI A B AE ) T DL BT AR Be e SR A AL Hh 3R A 3R S AR B 3 A i e R IR B A
v LA RS P | DR RE A8 T R ISOR FH 3R 53, S RS A: A AR L ZEAR SR IR T3 A S H R 2
FRAFII TS

DIERFSE AR, R RE A B2 i R AAG T 1 N Wlics it C e DN IR 4065 VR FH RS i $2 = B
B R T P ALK AR e EMF 5 SRAR LN 00 A2 BB a0 i A AR A KOIR B )
i T DLE i R EME 5300 T8 RIS R N ORI P S R AR AR 45 R R, A TRt AU
BE TR EMF (1% 55 BB AA L e L EB A R34 NP K ¥ 08 3 & TR MR, X & EMF ANMHREIE 2
1o S AR Z0 3 v JE AL W i S5 R T LA R - S v A AT ML Ak, 2 TR W R T
EMF R 3 438 v A AL A T-15 Ak 138 b it JERCER , HLE AR K A9 AR AR SO 38 18 35 1 TR TE U AR 1Y
YRR EMF SR A S IE U0 AR 2 B 22 AR50 BE 53 I B IR it A7 HLIRR 55 4 5t (57 £ 38 v xfle LA B AL 400 R AT
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FHEXERPE P BT 25 5 BRI I A 8 P

4

&it
ARBEFEH, Ty NG E L R RS IR0 R & AR R AL EMF B0 T A T —E AL

R X AN ) e EE SN TN T 45670 EMF (9 25 FR AR B SR OT R & B AT R T S Il 1 ES R AA R T R AN
EICEM MR S W T SR A G P Mn S BRI T K Ca Mg FIMRR C KRB o R A& i, fEh
JER TR AR 60 kg N hm™a™ Ik B A, & RARSIHT P Ca Fe Mn 570K BI7E N6O I H} B,
T AE ] — i R BE T, $h EMF J5 BB AR i R ZBOT R IS 8, 1 N AR U AL 1 55 S TR i 47
EMF 0] A5 A 028 5t WA 0y 08 30 B 3 7 P58 ) 0 3P sl A2 2 11 B A IR SR R BRI A Al
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