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Abstract: To explore the physiological responses and adaptation mechanisms of P. massoniana Lamb.
inoculated with ectomycorrhizal fungi (EMF) under increasing nitrogen deposition, one-year-old P. massoni-
ana seedlings were inoculated with EMF and stimulated by nitrogen deposition (0, 30, 60, 90 kg N-hm™-a™,
respectively). The effects of nitrogen application and inoculation on the growth and photosynthetic characteris-
tics of P. massoniana seedlings were then studied. Results showed that: (1) Under the same nitrogen concen-

tration, both kinds of EMF promoted the growth and photosynthesis of P. massoniana seedlings, and inocula-
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tion had significant effects on plant height, growth, chlorophyll b, P,, G,, C, and T,. The growth promoting ef-

fects of both EMF differed under different nitrogen concentrations. (2) Within a certain range of nitrogen depo-

sition, increasing nitrogen promoted P. massoniana seedling growth. Diameter, aboveground dry weight, and

underground dry weight increased with the increase in nitrogen concentration. (3) Under interactive treatment,

the growth and photosynthetic indices of P. massoniana seedlings increased, among which plant height,

growth, and chlorophyll b increased significantly, indicating that nitrogen application and EMF inoculation pro-

moted P. massoniana growth. In general, EMF inoculation promoted the growth, photosynthesis, and produc-

tivity of P. massoniana under a certain range of nitrogen deposition. Under a background of increasing nitro-

gen deposition in the future, nitrogen application can promote the growth of mycorrhizal P. massoniana, pro-

viding a basis for the artificial afforestation of P. massoniana as a dominant tree species in the Three Gorges

Reservoir area.
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Table 1 Effects of N treatment, EMF treatment, and N x EMF on Pinus massoniana seedling parameters
. TR it AL 3 FERNAL B x jife Ak
1ibs EMF treatment Nitrogen treatment EMF x Nitrogen treatment
Parameter 5 B 3 B 5 P
M 49.71 0.00** 137.07 0.00** 10.27 0.00**
eyl 3.61 0.04* 179.88 0.00** 1.59 0.19ns
Hb 1T R 2.61 0.08ns 8.05 0.00** 0.39 0.88ns
iR 1.24 0.30ns 6.49 0.00** 0.30 0.93ns
R 264.39 0.00** 162.86 0.00** 26.22 0.00**
R ER a s 1.37 0.27ns 7.65 0.00** 0.29 0.94ns
4k E b i 19.43 0.00** 28.38 0.00** 5.87 0.00**
BRI R 3.06 0.07ns 10.89 0.00** 0.58 0.74ns
KA MRE&E 1.46 0.25ns 4.91 0.00** 0.37 0.89ns
KAy F R 3.23 0.06ns 7.90 0.00** 0.43 0.85ns
A 7K 0.37 0.69ns 0.35 0.79ns 0.06 1.00ns
Bt A A 16.62 0.00** 46.55 0.00** 3.27 0.02*
ALTRE 20.30 0.00** 10.92 0.00** 1.34 0.28ns
Mali) CO, ¥R i 14.53 0.00** 0.92 0.45ns 1.75 0.15ns
7R M R 18.26 0.00** 2.33 0.10ns 1.83 0.14ns
F: *, P<0.05; **, P<0.01; ns, A3,

Note: ns, non-significant.
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Table 2 Effects of N application and EMF inoculation on Pinus massoniana seedling growth
o . RHkBE . PR i A R BV IREE i Mo BT H BT AR A
Inoculation Nitrogen concintt?tlon / Net grgwth of Net .growth of Aboveground Underground Growth
kg N-hm™“-a plant height/ cm  stem diameter / cm dry weight/ g dry weight/ g weight / g
0 10.83 £ 0.37d 0.77 + 0.02f 11.93+3.23bc  2.87 +0.92bc 75.56 + 5.97de
30 11.36 £ 0.28¢c 0.99 + 0.04e 18.58 £+2.01ab  4.72+0.53abc  85.08 +4.13d
59 60 12.09 £ 0.33ab 1.23 £0.02b 22.05 + 4.08a 591+0.58ab  120.68 +2.16b
90 12.02 £ 0.24ab 1.12 £ 0.03cd 19.00 £ 4.65ab 4.74 + 1.58abc  101.36 + 4.38¢c
0 10.51 £ 0.39d 0.74 + 0.05f 10.50 £2.04bc ~ 2.73+0.20c 49.39 + 2.81g
30 10.85+0.17d 0.96 +0.01e 14.60 £ 2.14abc  3.86 + 0.37bc 63.22 + 4.03f
Pt 60 12.35+0.23a 1.34 £0.12a 23.09 + 3.28a 6.99 + 1.60a 133.12 + 1.46a
90 11.88 £ 0.14b 1.17 £ 0.03bc 15.64 £ 2.58abc  4.57 + 1.04abc  130.61 + 3.22ab
0 8.92 +0.35e 0.74 + 0.03f 7.73+0.81c 2.69 + 0.55¢ 22.92 +3.90h
oK 30 10.73 £ 0.31d 0.95 £ 0.03e 11.66 = 1.90bc 3.03 £ 0.42bc 42.38 £ 2.679g
60 11.79 £ 0.19b 1.23 £ 0.03b 17.35 = 2.94ab 5.25 + 1.26abc 68.28 * 2.62ef
90 11.38 £ 0.37¢c 1.08 £ 0.03d 17.08 £ 2.50ab 3.64 £ 0.70bc 47.46 £ 2.59g

I FSIARNE TR ZER R (P <0.05), T

Note: Different letters in same column indicate significant difference at P < 0.05 level among treatments. Same below.

x3 AAERKETEMIMFNEERSEALSEESENZIE
Table 3 Effects of EMF inoculation on photosynthetic pigment content in Pinus massoniana
seedlings under different N concentrations

B KR madl W bl P e KB N A I
Inoculation kg N-hm-a” Chl a content / mg/g Chl b content / mg/g Chl t content / mg/g Carotenoid content / mg/g
0 0.323 + 0.058cd 0.104 + 0.034c 0426 + 0.057cd 0.103 + 0.018abc
30 0.355 + 0.031bcd 0.112 + 0.070c 0.467 + 0.094cd 0.105 + 0.012abc
59 60 0.548 + 0.010ab 0.157 + 0.040b 0.699 + 0.014ab 0.150 + 0.001ab
90 0.468 + 0.064abcd 0.152 + 0.024b 0.625 + 0.101abc 0.132 + 0.020abc
0 0.312 + 0.039cd 0.099 + 0.020c 0.412 + 0.059cd 0.088 + 0.001bc
30 0.357 + 0.062bcd 0.097 + 0.001c 0.457 + 0.065cd 0.102 + 0.021abc
Pt 60 0.575 + 0.065a 0.221 + 0.038a 0.747 £ 0.076a 0.167 £ 0.014a
90 0.519 + 0.080abc 0.171+£0.012b 0.740 + 0.113ab 0.142 + 0.033abc
0 0.275 + 0.022d 0.093 +0.017¢c 0.367 + 0.039d 0.071 £ 0.017¢c
oK 30 0.327 £ 0.021cd 0.094 + 0.001¢c 0.420 + 0.029cd 0.094 + 0.003bc
60 0.460 + 0.106abcd 0.118 £+ 0.031c 0.578 + 0.137abcd 0.130 + 0.031abc
90 0.417 + 0.111abcd 0.102 + 0.045c 0.518 + 0.156bcd 0.112 + 0.036abc

FIRCRAE T Sg; N30 Fl N9O #:F Sg HI UL T
Pt, Frfs b3 rh Pt + N6O b 38 G i fx K, N
0.33 ymol-m™2s™. WIHZEF Z/ras LW, 5
Pl b B it AL FE X S AN DT G, A
(P<0.01), ZHEAEHEMARE (P>0.05),

e — A K TR, #R EMF /5 RN
CY¥im x|, HiZf S EMMY CET
PRI Pt, 4 A& E D Sg Y S AN ET C
5%k AR H 2 4R 20.4% . 11.0%. 22.1% Fil

10.5%; Sg+ N60 4F C {EHf K, & 351.36 umol-
m2sT. WNE G 2Z MR ER, R b
BEAAIET C gtk % (P<0.01), i3
THAZHAEHEALZE (P>0.05),
AR E T, $%F EMF DAL T, 35
TR, R Sg M E ARG T, R 2R E T
e TR G AR, T NGO B A E e, NO B
i PAY TAE R THERN Sg, — 3 5%t BEAH L 73531
25 24.5% f1 53.8%; N30, N60. N9O i
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Fig. 1

Effects of EMF inoculation on gas exchange parameters of Pinus massoniana seedlings under

different N concentrations

BAEAIE + brifE2E (n=3) . MIFFERARPIZZIEIE P<0.05 K FETF25 K% (Duncan’ stest), .
Values are means + SD (n = 3). Means followed by the same letter are not significantly different at P < 0.05 by Duncan’ s test, same below.
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Fig. 2 Effects of EMF inoculation on water use efficiency and relative water content of Pinus massoniana
seedlings under different N concentrations
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