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Abstract: The global climate warming is affecting ecosystems especially endangered plant species whose distribution is
mostly restricted to few areas. Arbuscular mycorrhizal fungi ( AMF) form symbiotic associations with many plant species

supplying mineral nutrients to their host plants. Sinocalycanthus chinensis is a national second — class protected plant
species distributed in only a few areas in Zhejiang and Anhui provinces in China. Preliminary investigation has revealed
higher infection rate of natural populations of S. chinensis by AMF. The role of AMF in S. chinensis under global warming

has remained unknown. To reveal the effects of AMF on S. chinensis under the conditions of global climate warming the
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pot experiment was conducted with one-year-old S. chinensis seedlings inoculated with AMF ( inoculation of rhizosphere soil
at a rate of 5% v/v; soil without AMF was used as control) and temperature increase was simulated by an electric radiant

infrared heater ( + 2% measured around the leaves; normal temperature was used as control). Growth rate
morphogenesis photosynthetic physiological characteristics antioxidant activities membrane lipid peroxide level nutrient
content of S. chinensis seedlings were compared under four treatments: AMF both AMF

and control ( CK) . The results showed that: (1) AMF inoculation had

simulated warming ( SW)
inoculation and simulated warming ( AMF + SW)
a significant positive effect on plant height and average root diameter and a negative effect on the width-todength ratio of
mature leaves total root length total number of root tips special root length ( root length/root biomass) and special root
surface area ( root surface area/root biomass) . Doublefactor variance analysis showed that the average root diameter and
total number of root tips was significantly correlated with AMF and SW. This showed that symbiotic association between
AMF and S. chinensis may modify the nutrient absorption strategy of S. chinensis through modification in root morphology.
(2) The diurnal change in net photosynthetic rate ( P,) of leaves in S. chinensis seedlings under AMF + SW treatment had
a typical bimodal curve that was determinately regulated by stomatal conductance. AMF affected significantly the daily mean
P,. After fitting the photosynthesis light response using modified models of rectangular hyperbola we found that P, in plants
with AMF + SW and AMF treatments were distinctly higher than that of CK when light intensity was more than 50 pmol

-2 -1

m s . The doublefactor variance analysis showed that AMF significantly affected the daily mean P, maximum net

photosynthetic rate light saturation point ( LSP) and dark respiration rate whereas SW had a significant effect on LSP.
Fitting of the CO, response by using modified models of rectangular hyperbola revealed that P, in plants under AMF + SW
and AMF treatments was significantly higher than that in the CK with increasing the concentration of CO,. Initial
carboxylation efficiency under AMF + SW treatment and photosynthetic capacity under AMF treatment were significantly
higher than that of the CK. The CO, compensation point after the treatment by AMF + SW or AMF was significantly lower
than that of the CK. (3) The content of soluble sugars in leaves after the treatment with AMF was significantly higher than
that in other treatments. The content of soluble proteins in leaves of plants treated with AMF + SW or AMF was distinctly
higher than that of the CK. The doublefactor variance analysis showed that SW and AMF + SW interaction had significant
effect on the content of soluble sugars in leaves and both AMF and SW had significant effect on the content of soluble

proteins in leaves. The results provided the theoretical foundation for conservation and artificial cultivation of S. chinensis

under conditions of global climate change.

Key Words: Sinocalycanthus chinensis; simulated global warming; arbuscular mycorrhizal fungi ( AMF) ; growth;

photosynthetic physiology
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Table 1 Effects of arbuscular mycorrhizal fungi inoculation on the growth of Sinocalycanthus chinensis seedlings under simulated warming

/em /em /g

Treatment Plant height Basal diameter Total biomass Leal bif)mass/ Stem bi-nmass/ Root bi‘omass/
total biomass total biomass total biomass
AMF + SW 14.56 £0.69a 0.33 £0.02a 0.61 £0.08a 0.45 £0.03a 0.23 +£0.02ab 0.32 £0.02a
AMF 13.36 £0.57a 0.34 +0.0la 0.58 £0.06a 0.45 £0.04a 0.28 £0.02a 0.31 £0.03a
SW 11.06 £0.38b 0.34 +£0.0la 0.63 £0.08a 0.41 £0.04a 0.25 +£0.02ab 0.33 £0.03a
CK 11.04 £0.31b 0.31 £0.0la 0.57 £0.04a 0.44 +£0.03a 0.22 +0.01b 0.34 +£0.03a
F
AMF 30. 665 ** 0.670 0.014 0.113 0.444 0.809
SW 1.334 0.411 0.447 0.006 <0.001 0.008
AMF x SW 1.283 1.427 0.005 0.625 4.082" 0.124
AMF: Arbuscular Mycorrhizal Fungi; SW: Simulated Warming; AMF + SW: AMF ;

+ (P <0.05);* P < 0.05; %% P < 0.01
2.1.2 AMF

2 AMF + SW SW o CK AMF
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Table 2 Effects of arbuscular mycorrhizal fungi inoculation on the leaf morphology of Sinocalycanthus chinensis seedlings under

simulated warming

fom’ Average lc;ligm Average le:f " Average 162/3; ;
Treatment Total leaf number Total leaf area breadth Jength perimeter Breadth/length
AMF +SW 7.22 £0.57a 118.19 £10.57a 3.75 +0.24a 6.38 £0.29ab 16.44 +0.9%4a 0.59 £0.01a
AMF 6.33 +£0.50ab 108.53 +9. 64a 3.63 £0.22a 6.86 £0.41a 17.22 +1.05a 0.55 £0.02a
SW 5.56 £0.53b 97.29 +7.82a 3.96 +0.20a 6.51 £0.39ab 17.45 +£0.94a 0.63 £0.05a
CK 6.44 £0.44ab 96.25 +6.75a 3.61 +0.11a 5.79 £0.33b 15.84 +0.65a 0.64 £0.04a
F
AMF 1.942 2.740 0.220 1.757 0.049 4.459"
SW 0.006 0.659 1.351 0.061 0.172 0.197
AMF x SW 3.103 0.482 0.295 2.784 1.706 0.350
+ (P <0.05); * P < 0.05; *% P < 0.01

2.1.3 AMF
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Table 3 Effects of arbuscular mycorrhizal fungi inoculation on the root morphology of Sinocalycanthus chinensis seedlings under

simulated warming

/em /em? /em® /mm /(m/g) e
Total root Total root Total root Average root Total root tip Special root .m 8
Treatment X i Special root
length surface area volume diameter number length
surface area
AMF + SW 118.60 +18.03ab  37.28 +5.52a 0.94 £0. 14a 1.00 £0.03b 183.00 £46.72b  6.24 £0.30ab  194.62 £6.79a
AMF 105.16 +15.44b 35.62 £4.41a 0.98 £0. 12a 1.11 £0.05a 126.56 +£17.67b  5.67 £0.53b 196.04 +£12.70a
SW 142.53 +17.07ab  42.12 +4.38a 0.99 £0.09a 0.96 £0.03bc  164.78 +31.53b  7.35+£0.79ab  218.35 +19.0la
CK 155.25 +8.25a 43.38 £2.48a 0.97 £0.07a 0.89 +£0.02¢ 281.56 £29.11a  8.32x0.6la 230.06 +13.24a
AMF 7.338" 2.767 0.139 15.918** 4.623" 10.119** 4.423"
SW 0.082 0.071 0.003 0.641 0.598 0.109 0.229
AMF x SW 1.270 0.308 0.013 8.4137* 7.241" 1.684 0. 140
+ (P <0.05);* P < 0.05; ** P < 0.01
2.2 AMF
2.2.1 AMF
1 AMF +SW “« 7P 10: 00 1

n
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Fig.1 Effects of arbuscular mycorrhizal fungi inoculation on the diurnal variations of net photosynthetic rate stomatal conductance

intercellular CO, concentration and transpiration rate in the leaves of Sinocalycanthus chinensis seedlings under simulated warming
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4
Table 4 Effects of arbuscular mycorrhizal fungi inoculation on the photosynthetic parameters of leaves of Sinocalycanthus chinensis seedlings

under simulated warming

(P,) (6,) co, (¢ (7))
Treatment Daily mean net Daily mean stomatal Daily mean intercellular Daily mean transpiration
photosynthetic rate conductance CO, concentration rate
/ (pmol m~%s7") /(mmol m~2s7") /( mol/mol) /( mmol m~2s~1)
AMF +SW 1.513 £0.090a 0.036 £0.008a 296.907 +£19.433a 1.407 £0.274a
AMF 1.334 +£0.064ab 0.029 +0.002a 310.259 +£6.373a 1.231 £0.075a
SW 1.189 £0.091b 0.032 £0.007a 318.640 +10.749a 1.311 £0.282a
CK 1.242 +0.107ab 0.023 +£0.005a 279.943 +11.457a 0.911 +0. 182a
AMF 5.447" 0.749 0.111 0.895
SW 0.499 1.880 0.966 1.721
AMF x SW 1.690 0.030 4.074 0.260
+ (P <0.05); * P < 0.05; ** P < 0.01

5
Table 5 Effects of arbuscular mycorrhizal fungi inoculation on the light response parameters of leaves of Sinocalycanthus chinensis seedlings

under simulated warming

) (a) '( Pana) Light comp(er]:siiln Light saufji Dark respir:(niI::l) (R)

AMF +SW 0.069 +0.005a 3.213 £0. 147a 7.769 +£0.406a 933.297 +34.179a 0.468 +0.004a 0.997 +0.001a

AMF 0.079 +0.010a 3.312 £0.248a 6.487 +1.410a 790.917 +£30.207a 0.435 +£0.029a 0.997 +0.001a

SW 0.071 +0.006a 2.582 +0.256ab 6.458 +0.944a 801.554 4. 122a 0.396 £0.041ab  0.993 £0.004a

CK 0.056 +0.008a 1.910 +£0.444b 6.631 +£0.461a 703. 682 +80. 852a 0.317 £0.040b 0.990 +0.003a

F

AMF 1.903 11.940** 0.417 5.553" 8.849" 4.792

SW 0.108 0.948 0.377 6.685" 3.078 0.164

AMF x SW 3.009 1.713 0. 650 0.229 0.524 0.475

+ (P <0.05); * P <0.05; **% P <0.01
2.2.3 AMF o,
Co, ( 6). 3
o, P, . CK o, 100 pmol CO,/mol  AMF + SW
AMF Co, P, CK. AMF Co,
P, ; SW AMF Co, P, o
6 CK AMF + SW (a) (A.) 80.00%  37.
44% CO, 29.18% ; AMF A CK 45.58% CO, CK 24.20% »
co, (C.) (R,) . AMF +SW  AMF
Co,
. ( 6):AMF o, SW
Co, .
2.3 AMF
AMF SOD.POD CAT MDA
( 7o ( 7):AMF SW
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Fig.2 Effects of arbuscular mycorrhizal

light response curves of leave of Sinocalycanthus chinensis seedlings

under simulated warming

+

6
Table 6 Effects of arbuscular mycorrhizal

under simulated warming

fungi inoculation on the Fig.3 Effects of arbuscular mycorrhizal fungi inoculation on leave
CO, response curves of Sinocalycanthus chinensis seedlings under

simulated warming

co,

fungi inoculation on the CO, response parameters of leaves of Sinocalycanthus chinensis seedlings

co
(a) (A ’ €0, R .
’ 4 S (Cud , _ (k) (R
Initial carboxylation Photosythetic CO, compensation - L
. . Saturation intercellular Photorespiration rate/ Determination
Treatment efficiency / capacity / ; point/ oy i
PR I CO, concentration/ (pmol CO,m™"s77) cofficient
(molm™s7) (pmol CO, m™*s7") ( wmol /mol
( wmol /mol)

AMF +SW 0.018 £0.003a 10.205 £0.498ab  1502.248 +217.340a  118.489 +7.183a 1.994 +0.248a 0.998 £0.001a

AMF 0.015 £0.001ab 10.809 +0.969a 1682.957 £113.230a  126.833 +4.623ab 1.832£0.117a 0.998 £0.001a

SW 0.013 £0.003ab 9.933£0.913ab  2133.814 £629.708a  161.736 £16.767hc 1.919 +0.402a 0.993 £0.003a

CK 0.010 £0.002b 7.425 £1.451b 1958.956 £313.272a  167.320 +14.961c 1.461 £0.190a 0.994 £0.003a

F

AMF 4.026 3.236 1.485 12.1327%* 0.730 3.996

SW 1.587 0.879 0.001 0.336 1.410 0.015

AMF x SW 0.007 2.346 0.228 0.013 0.323 0.029

+ (P <0.05; * P < 0.05; %% P < 0.01
2.4 AMF
AMF AMF +SW SW  CK 81.72% 35.98%  32.94% AMF
+SW SW  CK o AMF +SW  AMF CK 86.
09%  30.60% AMF + SW ( 8):AMF SW
o SW AMF SW
o AMF  SW
3
AMF AMF
o AMF ( 20—30pum 2—7um) *
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Table 7 Effects of arbuscular mycorrhizal fungi inoculation on the protection enzyme activity and membrane lipid peroxide level of leavels of

Sinocalycanthus chinensis seedlings under simulated warming

SOD POD CAT MDA

Treatment /(Ulg ) /(100 U g~! min~') /(100 U g~! min ") /( pmol / g )
AMF + SW 0.21 £0.002a 27.92 +2.15a 6.17 £0.41a 14.02 £1.76a
AMF 0.21 £0.01a 31.10 +4.96a 4.63 £0.36a 14.12 £2.21a
SW 0.21 £0.003a 28.94 +2.17a 4.80 £0.54a 14.37 £1.40a
CK 0.21 £0.01a 31.10 +5.56a 6.50 £0.98a 10.54 £0.55a
F
AMF 0.074 0.104 0.061 0.036
SW 0.051 0.252 0.132 3.047
AMF x SW 0.118 0.024 3.093 0.824

+ (P <0.05); * P < 0.05; *% P < 0.01

8
Table 8 Effects of arbuscular mycorrhizal fungi inoculation on the nutrient accumulation and chlorophyll relative content of leaves of

Sinocalycanthus chinensis seedlings under simulated warming

Treatment Soluble sugar /( mg/g ) Soluble protein / ( mg/g ) Chlorophyll relative content
AMF + SW 22.92 +4.11b 12.04 £0.40a 14.15 £1.43a
AMF 41.65 +2.86a 8.45 £0.63b 14.88 +£1.74a
SW 30.63 £1.38b 8.21 £0.76bc 17.27 £1.56a
CK 31.33 £2.17b 6.47 £0.65¢ 14.88 +1.28a
F
AMF 0.020 12,5827 1.025
SW 8.847" 13.638** 0.291
AMF x SW 6.5417 1.100 1.034
+ (P <0.05); * P < 0.05; %% P < 0.0l
AMF o
AMF o AMF
78 AMF p o
P 12413 P
Co, 1 5- Rubisco ATP o AMF
AMF P o
. AMF P,
A 14415 AMF 36 3940
P, G, P, G T
o AMF LSP
AMF . 50% -
100% 2.6 ., o Co,
AMF P, CK Co, CK AMF
AMF AMF o
AMF o AMF
A o AMF

nmax max
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