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:LOG� HGLEOH� IXQJDO� IUXLWLQJ� ERGLHV�� RU� PXVKURRPV�� NQRZQ� DV� ³GHOLFDFLHV� IURP� WKH�
PRXQWDLQV´�� DUH� D� QDWXUDO� IRUHVW� UHVRXUFH�ZLGHO\� DFNQRZOHGJHG� IRU� WKHLU� QXWULWLRQDO��
PHGLFLQDO�� HFRQRPLF�� DQG� HYHQ� FXOWXUDO� YDOXH�� 0RVW� RI� KLJK�SULFHG� ZLOG� HGLEOH�
PXVKURRPV�DUH�HFWRP\FRUUKL]DO�IXQJL��(0)��ZKLFK�IRUP�D�V\PELRWLF�UHODWLRQVKLS�ZLWK�
WUHHV�DQG�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�HFRV\VWHP��6RXWKZHVW�&KLQD�LV�ULFK�LQ�IXQJDO�
GLYHUVLW\� DQG� FXOWXUDO� GLYHUVLW\�� EXW� WKHUH� DUH� IHZ� UHVHDUFKHV� RQ� HWKQRP\FRORJ\�� ,Q�
DGGLWLRQ��H[WHQVLYH�XWLOL]DWLRQ�RI�ZLOG�HGLEOH�PXVKURRPV��HVSHFLDOO\�WKH�(0)��WKUHDWHQV�
WKH�IXQJDO�GLYHUVLW\��)LOOLQJ�WKH�JDSV�LQ�HWKQRP\FRORJLFDO�NQRZOHGJH�ZLOO be beneficial 
to assess species availability as a prelude to conservation and ecological sustainability 
in southwest China. FRFXVLQJ�RQ�(0)�FXOWLYDWLRQ�� HVSHFLDOO\�QHZ�FRPPHUFLDO�KLJK�
YDOXHG� (0)�� DQG� P\FR�VLOYLFXOWXUH� ZLOO� DOOHYLDWH� SUHVVXUHV� RQ� ZLOG� PXVKURRP�
SRSXODWLRQV�DQG�RQ�WKH�HQYLURQPHQW��7KH�SUHVHQW�WKHVLV� WDUJHWHG�UHVHDUFK�LQWR�IXQJDO�
GLYHUVLW\�DQG�VXVWDLQDEOH�XWLOL]DWLRQ�RI�ZLOG�HGLEOH�PXVKURRPV�E\�LQYHVWLJDWLQJ�ORFDO�
P\FRORJLFDO�NQRZOHGJH�� IXQJDO� WD[RQRP\��P\FRUUKL]DO� LQRFXODWLRQ� DQG� WKH�HIIHFW�RI�
IXQJDO�FRPPXQLWLHV�RQ�SODQWDWLRQ� HVWDEOLVKPHQW��ZKLFK�ZLOO�SURYLGH�QHZ�VRXUFHV�RI�
KLJK�YDOXH�PXVKURRPV�DQG�SURYLGH�LQVLJKWV�LQWR�WKH�PHFKDQLVP�RI�SODQW�HVWDEOLVKPHQW�
GXULQJ�HFRV\VWHP�UHVWRUDWLRQ� 
 
,Q�WKH�SUHVHQWHG�WKHVLV��D�VHPL�VWUXFWXUHG�LQWHUYLHZ�ZLWK�PXVKURRP�YHQGRUV�LQ�PDUNHWV�
DQG�ZLWK�PXVKURRP�FROOHFWRUV�LQ�QDWXUDO�KDELWDWV�LQ�<XQQDQ��&KLQD��ZDV�FRQGXFWHG�IURP�
����� WR� ����� Wild edible fungi were collected from forests and markets, while 
mRUSKRORJLFDO�DQG�PROHFXODU�WHFKQLTXHV�ZHUH�XVHG�WR�LGHQWLI\�IXQJDO�VSHFLHV��7KHQ�ZH�
GHVFULEHG�WZR�QHZ�KLJK�YDOXH�FRPPHUFLDO�HFWRP\FRUUKL]DO�IXQJL�E\�PRUSKRORJLFDO�DQG�
PROHFXODU�SK\ORJHQHWLF�DQDO\VHV��DQG�P\FRUUKL]DO�V\PELRVLV�RI�HFRQRPLF� WUHHV�ZLWK�
WZR�QHZ�HFWRP\FRUUKL]DO�IXQJL�ZDV�H[DPLQHG��,Q�DGGLWLRQ��H[RWLF�YDOXH�WUXIIOH�VSHFLHV��
7XEHU�PHODQRVSRUXP�� LQRFXODWHG� WR� VL[�&KLQHVH� RDN� VSHFLHV� LQ� WKH� JUHHQKRXVH�ZDV�
VWXGLHG�� (FWRP\FRUUKL]DO� GHYHORSPHQW� ZDV� PRQLWRUHG� IRU� XS� WR� ��� PRQWKV� WR�
DFFOLPDWL]H�WKH�P\FRUUKL]DH�REWDLQHG� LQ�JODVVKRXVH�FRQGLWLRQV�DQG�DVVHVV�ZKLFK�RDN�
VSHFLHV�FRXOG�HVWDEOLVK�D�SHUVLVWHQW�P\FRUUKL]DO�V\PELRVLV�ZLWK�7��PHODQRVSRUXP��,Q�
WKH� HQG�� ZH� VWXGLHG� LQWHUDFWLRQ� HIIHFWV� RI� /DFWDULXV� GHOLFLRVXV� DQG� ORFDO� IXQJDO�
FRPPXQLWLHV� DW� WKH� HVWDEOLVKPHQW� RI� H[RWLF� 3LQXV� UDGLDWD� VHHGOLQJV�� 6WUDWHJLHV� RI�
LQWURGXFHG�3��UDGLDWD�VHHGOLQJV�FRORQL]HG�ZLWK�DQ�HFWRP\FRUUKL]DO�IXQJXV��(0)���/��
GHOLFLRVXV��ZHUH�VWXGLHG�WR�XQGHUVWDQG�ZKHWKHU�LW�IRUPHG�IDPLOLDU�RU�QHZ�DVVRFLDWLRQV�
ZLWK�ORFDO�(0)�LQ�D�QHZ�KDELWDW�RYHU�D�SHULRG�RI�����\HDUV��7KLV�ZLOO�KHOS�XV�NQRZ�KRZ�
3��UDGLDWD�DQG�/��GHOLFLRVXV�FRXOG�EH�VXFFHVVIXOO\�HVWDEOLVKHG��  
 
7KH�UHVXOWV�VKRZHG�WKDW��L��3X¶HU�3UHIHFWXUH�LV�ULFK�LQ�ORFDO�P\FRORJLFDO�NQRZOHGJH�DQG�
IXQJL� GLYHUVLW\�� DQG� LW� LV� QHFHVVDU\� WR� FRQWLQXH� WKH� UHVHDUFK� RI� HWKQRP\FRORJ\� DQG�
GHYHORS� WKH� UDWLRQDO� PDQDJHPHQW� RI� ZLOG� HGLEOH� PXVKURRPV�� �LL�� 7KH� QHZ� VSHFLHV�
Rhizopogon songmaodan sp. nov. EHORQJV� WR� WKH� VXEJHQXV� 9HUVLFRORUHV��Abundant 
ectomycorrhizae were produced four monts after inoculation. R. songmaodan could be 
a good candidate for cultivation in southwest China. (iii) 1HZ�VSHFLHV�&KRLURP\FHV�
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VLFKXDQHQVLV�VS��QRY��ZDV�HDVLO\�GLVWLQJXLVKHG�IURP�RWKHU�&KLQHVH�&KRLURP\FHV�VSHFLHV�
E\�PRUSKRORJLFDO�DQG�PROHFXODU�SK\ORJHQHWLF�DQDO\VHV��7KH�V\QWKHVL]HG�P\FRUUKL]DH�
EHWZHHQ�SLQH�SODQWV�ZLWK�&��VLFKXDQHQVLV�ZDV�ILUVW�UHSRUWHG�DQG�ZHOO�GHYHORSHG���LY��
&RQWUROOHG�P\FRUUKL]DWLRQ�RI�ILYH�LQGLJHQRXV�&KLQHVH�RDN�VSHFLHV�E\�7��PHODQRVSRUXP�
ZDV�VXFFHVVIXO�DQG�KDG�SRVLWLYH�HIIHFWV�RQ�WKH�JURZWK�RI�WKUHH�RI�WKHVH�VSHFLHV�LQ�WKH�
QXUVHU\�����PRQWKV�DIWHU� LQRFXODWLRQ��7ZR�VSHFLHV��4��PRQJROLFD� DQG�4�� ORQJLVSLFD��
DSSHDU� WR� EH� SURPLVLQJ� V\PELRQWV� IRU� JRXUPHW� WUXIIOH� FXOWLYDWLRQ�SURMHFWV� LQ�&KLQD��
ZKLOH� SRWHQWLDOO\� FRQWULEXWLQJ� WR� DIIRUHVWDWLRQ� DQG� HFRV\VWHP� FRQVHUYDWLRQ�� �Y��
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China es rico en diversidad de hongos y diversidad cultural, pero hay pocas investigaciones 
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cultivo de EMF, especialmente los nuevos EMF comerciales de alto valor, y la mico-silvicultura, 
濴濿濼瀉濼濴瀅灮澳濿濴瀆澳瀃瀅濸瀆濼瀂瀁濸瀆澳瀆瀂濵瀅e las poblaciones de hongos silvestres y sobre el medio ambiente. 
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瀉濴濿瀂瀅澳瀌澳濵瀅濼瀁濷濴瀅灮澳濼瀁濹瀂瀅瀀濴濶濼炀瀁澳瀆瀂濵瀅濸澳濸濿澳瀀濸濶濴瀁濼瀆瀀瀂澳濷濸澳濸瀆瀇濴濵濿濸濶濼瀀濼濸瀁瀇瀂澳濷濸澳瀃濿濴瀁瀇濴瀆 durante la 
瀅濸瀆瀇濴瀈瀅濴濶濼炀瀁澳濷濸濿澳濸濶瀂瀆濼瀆瀇濸瀀濴濁 
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2021. Se recolectaron hongos silvestres comestibles de bosques y mercados, mientras que se 
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濸瀆瀃濸濶濼濸澳濷濸澳瀇瀅瀈濹濴澳濷濸澳濸瀋炀瀇濼濶濴澿澳Tuber melanosporum, de alto valor en los mercados, inoculada 
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persistente con T. melanosporum濁澳濔濿澳濹濼瀁濴濿澿澳濸瀆瀇瀈濷濼濴瀀瀂瀆澳濿瀂瀆澳濸濹濸濶瀇瀂瀆澳濷濸澳濼瀁瀇濸瀅濴濶濶濼炀瀁澳濷濸澳Lactarius 
deliciosus 瀌澳濿濴瀆澳濶瀂瀀瀈瀁濼濷濴濷濸瀆澳濹炇瀁濺濼濶濴瀆澳濿瀂濶濴濿濸瀆澳濸瀁澳濸濿澳濸瀆瀇濴濵濿濸濶濼瀀濼濸瀁瀇瀂澳濷濸澳瀃濿灮瀁瀇瀈濿濴瀆澳濸瀋炀瀇濼濶濴瀆澳濷濸澳
Pinus radiata濁澳濦濸澳濸瀆瀇瀈濷濼濴瀅瀂瀁澳濿濴瀆澳濸瀆瀇瀅濴瀇濸濺濼濴瀆澳濷濸澳瀃濿灮瀁瀇瀈las de P. radiata introducidas colonizadas 
濶瀂瀁澳瀈瀁澳濻瀂瀁濺瀂澳濸濶瀇瀂瀀濼濶瀂瀅瀅灺濶濼濶瀂澳澻濘濠濙澼澿澳L. deliciosus, para comprender si formaba asociaciones 
濹濴瀀濼濿濼濴瀅濸瀆澳瀂澳瀁瀈濸瀉濴瀆澳濶瀂瀁澳濘濠濙澳濿瀂濶濴濿澳濸瀁澳瀈瀁澳瀁瀈濸瀉瀂澳濻灮濵濼瀇濴瀇澳濷瀈瀅濴瀁瀇濸澳瀈瀁澳瀃濸瀅灺瀂濷瀂澳濷濸澳濅澿濈澳濴灾瀂瀆濁澳濘瀆瀇瀂澳
瀁瀂瀆澳濴瀌瀈濷濴瀅灮澳濴澳瀆濴濵濸瀅澳濶炀瀀瀂澳瀆濸澳瀃瀂濷瀅灺濴瀁澳濸瀆瀇濴濵濿濸濶濸瀅澳濶瀂瀁澳灶瀋濼瀇瀂澳P. radiata y L. deliciosus. 
 
Los resultados mostraron que (i) la prefectura de Pu'er 濸瀆澳瀅濼濶濴澳濸瀁澳濶瀂瀁瀂濶濼瀀濼濸瀁瀇瀂澳瀀濼濶瀂濿炀濺濼濶瀂澳
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nueva especie Choiromyces sichuanensis sp. nov濁澳瀆濸澳濷濼瀆瀇濼瀁濺瀈濼炀澳濹灮濶濼濿瀀濸瀁瀇濸澳濷濸澳瀂瀇瀅濴瀆澳濸瀆瀃濸濶濼濸瀆澳
chinas de Choiromyces 瀀濸濷濼濴瀁瀇濸澳 濴瀁灮濿濼瀆濼瀆澳 濹濼濿瀂濺濸瀁灶瀇濼濶瀂瀆澿澳 瀀瀂瀅濹瀂濿炀濺濼濶瀂瀆澳 瀌澳 瀀瀂濿濸濶瀈濿濴瀅濸瀆濁澳 濟濴瀆澳
micorrizas sintetizadas entre plantas de pino con C. sichuanensis se obtuvieron por primera 
vez y se desarrollaron bien. (iv澼澳濟濴澳瀀濼濶瀂瀅瀅濼瀍濴濶濼炀瀁澳濶瀂瀁瀇瀅瀂濿濴濷濴澳濷濸澳濶濼瀁濶瀂澳濸瀆瀃濸濶濼濸瀆澳濴瀈瀇炀濶瀇瀂瀁濴瀆澳濷濸澳
roble chino por T. melanosporum fue exitosa y tuvo efectos positivos en el crecimiento de 
瀇瀅濸瀆澳濷濸澳濸瀆瀇濴瀆澳濸瀆瀃濸濶濼濸瀆澳 濸瀁澳濸濿澳 瀉濼瀉濸瀅瀂澿澳 濅濇澳瀀濸瀆濸瀆澳濷濸瀆瀃瀈灶瀆澳濷濸澳 濿濴澳 濼瀁瀂濶瀈濿濴濶濼炀瀁濁澳濗瀂瀆澳濸瀆瀃濸濶濼濸瀆澿澳Q. 
mongolica y Q. longispica, parecen ser simbiontes prometedores para los proyectos de 
濶瀈濿瀇濼瀉瀂澳濷濸澳瀇瀅瀈濹濴澳濺瀂瀈瀅瀀濸瀇澳濸瀁澳濖濻濼瀁濴澿澳濴濿澳瀇濼濸瀀瀃瀂澳瀄瀈濸澳濶瀂瀁瀇瀅濼濵瀈瀌濸瀁澳瀃瀂瀇濸瀁濶濼濴濿瀀濸瀁瀇濸澳濴澳濿濴澳濹瀂瀅濸瀆瀇濴濶濼炀瀁澳
瀌澳 濿濴澳 濶瀂瀁瀆濸瀅瀉濴濶濼炀瀁澳 濷濸濿澳 濸濶瀂瀆濼瀆瀇濸瀀濴濁澳 澻瀉澼澳 濟濴瀆澳 瀃濿灮瀁瀇瀈濿濴瀆澳 濷濸澳 Pinus radiata 濼瀁瀇瀅瀂濷瀈濶濼濷濴瀆澳 瀃瀂濷瀅灺濴瀁澳
es瀇濴濵濿濸濶濸瀅瀆濸澳濶瀂瀁澳灶瀋濼瀇瀂澳濸瀁澳瀈瀁澳瀁瀈濸瀉瀂澳濻灮濵濼瀇濴瀇澳濹瀂瀅瀀濴瀁濷瀂澳瀀濼濶瀂瀅瀅濼瀍濴瀆澳濶瀂瀁澳Lactarius deliciosus o 
formando asociaciones familiares con EcMF local. L. deliciosus 濶瀂濼瀁瀇瀅瀂濷瀈濶濼濷瀂澳瀃瀂濷瀅灺濴澳瀃濸瀅瀆濼瀆瀇濼瀅澳
濸瀁澳濿濴澳瀃濿濴瀁瀇濴濶濼炀瀁澳濷濸澳濫濼濹濸瀁濺澳瀌澳瀁瀂澳瀆濸瀅澳瀅濸濸瀀瀃濿濴瀍濴濷濴澳瀃瀂瀅澳濘濶濠濙澳濿瀂濶濴濿濁澳濨瀁澳濘濖濠濙澳濿瀂cal, Suillus sp. en 
濸濿澳濻灮濵濼瀇濴瀇澳濿瀂濶濴濿澳濹瀂瀅瀀炀澳濴瀆瀂濶濼濴濶濼炀瀁澳濶瀂瀁澳P. radiata. 
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oest de la Xina. Tot i centrar-se en el cultiu de EMF, especialment els nous EMF comercials de 
gran valor i la mico-silvicultura alleujaran les pressions sobre les poblacions de bolets 
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A la tesi presentada, es van dur a terme entrevistes semiestructurades amb venedors de bolets 
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2021. Es van recollir fongs comestibles silvestres de boscos i mercats, mentre que es van 
瀈瀇濼濿濼瀇瀍濴瀅澳瀇灵濶瀁濼瀄瀈濸瀆澳瀀瀂瀅濹瀂濿灿濺濼瀄瀈濸瀆澳濼澳瀀瀂濿濸濶瀈濿濴瀅瀆澳瀃濸瀅澳濼濷濸瀁瀇濼濹濼濶濴瀅澳濸瀆瀃灵濶濼濸瀆澳濷濸澳濹瀂瀁濺瀆濁澳濔澳濶瀂瀁瀇濼瀁瀈濴濶濼炀澿澳
瀉濴瀀澳 濷濸瀆濶瀅濼瀈瀅濸澳 濷瀂瀆澳 瀁瀂瀈瀆澳 濹瀂瀁濺瀆澳 濸濶瀇瀂瀀濼濶瀂瀅灺瀍濼濶瀆澳 濶瀂瀀濸瀅濶濼濴濿瀆澳 濷澺濴濿瀇澳 瀉濴濿瀂瀅澳 瀀濼瀇濽濴瀁灴濴瀁瀇澳 濴瀁灭濿濼瀆濼瀆澳
濹濼濿瀂濺濸瀁灵瀇濼瀄瀈濸瀆澳瀀瀂瀅濹瀂濿灿濺濼瀄瀈濸瀆澳 濼澳瀀瀂濿濸濶瀈濿濴瀅瀆澿澳 濼澳濸瀆澳 瀉濴澳濸瀋濴瀀濼瀁濴瀅澳 濿濴澳 瀆濼瀀濵濼瀂瀆濼澳瀀濼濶瀂瀅灺瀍濼濶濴澳濷澺濴瀅濵瀅濸瀆澳
濸濶瀂瀁灿瀀濼濶瀆澳濴瀀濵澳濷瀂瀆澳瀁瀂瀈瀆澳 濹瀂瀁濺瀆澳濸濶瀇瀂瀀濼濶瀂瀅灺瀍濼濶瀆濁澳濔澳瀀灶瀆澿澳濸瀆澳瀉濴澳濸瀆瀇瀈濷濼濴瀅澳 la 濸瀆瀃灵濶濼濸 exotic de 
瀇灿濹瀂瀁濴澳濧瀈濵濸瀅澳瀀濸濿濴瀁瀂瀆瀃瀂瀅瀈瀀澿澳濷濸澳alt valor als mercats inoculada 濴澳瀆濼瀆澳濸瀆瀃灵濶濼濸瀆澳濷濸澳瀅瀂瀈瀅濸澳瀋濼瀁灵瀆澳
濴澳濿澺濻濼瀉濸瀅瀁濴濶濿濸濁澳濘瀆澳瀉濴澳濶瀂瀁瀇瀅瀂濿濴瀅澳濸濿澳濷濸瀆濸瀁瀉瀂濿瀈瀃濴瀀濸瀁瀇澳濸濶瀇瀂瀀濼濶瀂瀅灺瀍濼濶澳濹濼瀁瀆澳濴澳濆濅澳瀀濸瀆瀂瀆澳瀃濸瀅澳濴濶濿濼瀀濴瀇濴瀅澳
濿濸瀆澳 瀀濼濶瀂瀅濼瀍濸瀆澳 瀂濵瀇濼瀁濺瀈濷濸瀆澳 濸瀁澳 濶瀂瀁濷濼濶濼瀂瀁瀆澳 濷澺濻濼瀉濸瀅瀁濴濶濿濸澳 濼澳 濴瀉濴濿瀈濴瀅澳 瀄瀈濼瀁濸瀆澳 濸瀆瀃灵濶濼濸瀆澳 濷濸澳 瀅瀂瀈瀅濸澳
podrien establi瀅澳 瀈瀁濴澳 瀆濼瀀濵濼瀂瀆濼澳 瀀濼濶瀂瀅灺瀍濼濶濴澳 瀃濸瀅瀆濼瀆瀇濸瀁瀇澳 濴瀀濵澳 T. melanosporum. Al final, vam 
濸瀆瀇瀈濷濼濴瀅澳 濸濿瀆澳 濸濹濸濶瀇濸瀆澳濷澺濼瀁瀇濸瀅濴濶濶濼炀澳濷濸澳Lactarius deliciosus i les comunitats de fongs locals en 
濿澺濸瀆瀇濴濵濿濼瀀濸瀁瀇澳濷濸澳瀃濿灭瀁瀇瀈濿濸瀆澳濸瀋灿瀇濼瀄瀈濸瀆澳濷濸澳Pinus radiata濁澳濘瀆澳瀉濴瀁澳濸瀆瀇瀈濷濼濴瀅澳濸瀆瀇瀅濴瀇灵濺濼濸瀆澳濷濸澳瀃濿灭瀁瀇瀈濿濸瀆澳
de P. radiata 濼瀁瀇瀅瀂濷瀈灼濷濸瀆澳 濶瀂濿瀂瀁濼瀇瀍濴濷濸瀆澳濴瀀濵澳瀈瀁澳 濹瀂瀁濺澳濸濶瀇瀂瀀濼濶瀂瀅灺瀍濼濶澳 澻濘濠濙澼澿澳 L. deliciosus, per 
entendre si va formar associacions familiars o noves amb els EMF 濿瀂濶濴濿瀆澳濸瀁澳瀈瀁澳瀁瀂瀈澳濻灭濵濼瀇濴瀇澳
濷瀈瀅濴瀁瀇澳瀈瀁澳瀃濸瀅灺瀂濷濸澳濷濸澳濅澿濈澳濴瀁瀌瀆濁澳濔濼瀋灿澳濸瀁瀆澳濴濽瀈濷濴瀅灭澳濴澳瀆濴濵濸瀅澳濶瀂瀀澳濸瀆澳瀃瀂濷瀅濼濸瀁澳濸瀆瀇濴濵濿濼瀅澳濴瀀濵澳灵瀋濼瀇澳P. 
radiata i L. deliciosus. 
 
濘濿瀆澳瀁瀂瀆瀇瀅濸瀆澳 瀅濸瀆瀈濿瀇濴瀇瀆澳 瀉濴瀁澳濷濸瀀瀂瀆瀇瀅濴瀅澳瀄瀈濸澳 澻濼澼澳 濿濴澳瀃瀅濸濹濸濶瀇瀈瀅濴澳濷濸澳濣瀈澺濸瀅澳 灶瀆澳 瀅濼濶濴澳濸瀁澳 濶瀂neixements 
瀀濼濶瀂濿灿濺濼濶瀆澳濿瀂濶濴濿瀆澳濼澳濷濼瀉濸瀅瀆濼瀇濴瀇澳濷濸澳濹瀂瀁濺瀆澿澳濼澳灶瀆澳瀁濸濶濸瀆瀆濴瀅濼澳濶瀂瀁瀇濼瀁瀈濴瀅澳濿濴澳濼瀁瀉濸瀆瀇濼濺濴濶濼炀澳濷澺濸瀇瀁瀂瀀濼濶瀂濿瀂濺濼濴澳
濼澳 濷濸瀆濸瀁瀉瀂濿瀈瀃濴瀅澳 濿濴澳 濺濸瀆瀇濼炀澳 瀅濴濶濼瀂瀁濴濿澳 濷濸濿瀆澳 濵瀂濿濸瀇瀆澳 濶瀂瀀濸瀆瀇濼濵濿濸瀆澳 瀆濴濿瀉濴瀇濺濸瀆濁澳 澻濼濼澼澳 La n瀂瀉濴澳 濸瀆瀃灵濶濼濸澳
Rhizopogon songmaodan 瀆瀃濁澳 瀁瀂瀉濁澳 瀃濸瀅瀇濴瀁瀌澳 濴濿澳 瀆瀈濵濺灵瀁濸瀅濸澳 濩濸瀅瀆濼colores. Es van produir 
濴濵瀈瀁濷濴瀁瀇瀆澳濸濶瀇瀂瀀濼濶瀂瀅濼瀍濸瀆澳瀄瀈濴瀇瀅濸澳瀀濸瀆瀂瀆澳濷濸瀆瀃瀅灶瀆澳濷濸澳濿濴澳濼瀁瀂濶瀈濿濴濶濼炀濁澳R. songmaodan podria ser 
un bon candidat per al cultiu al sud-oest de la Xina. (iii) La n瀂瀉濴澳 濸瀆瀃灵濶濼濸澳 Choiromyces 
sichuanensis 瀆瀃濁澳瀁瀂瀉濁澳濸瀆澳瀉濴澳濷濼瀆瀇濼瀁濺濼瀅澳濹灭濶濼濿瀀濸瀁瀇澳濷澺濴濿瀇瀅濸瀆 濸瀆瀃灵濶濼濸瀆澳瀋濼瀁濸瀆濸瀆澳濷濸澳Choiromyces per 
濴瀁灭濿濼瀆濼瀆澳瀀瀂瀅濹瀂濿灿濺濼瀄瀈濸瀆澳濼澳濹濼濿瀂濺濸瀁灵瀇濼瀄瀈濸瀆澳瀀瀂濿濸濶瀈濿濴瀅瀆濁澳濟濸瀆澳瀀濼濶瀂瀅濼瀍濸瀆澳瀆濼瀁瀇濸瀇濼瀇瀍濴濷濸瀆澳濸瀁瀇瀅濸澳瀃濿濴瀁瀇濸瀆澳
de pi amb C. sichuanensis es van informar per primera vegada i van estar ben desenvolupades. 
澻濼瀉澼澳 濟濴澳 瀀濼濶瀂瀅瀅濼瀇瀍濴濶濼炀澳 濶瀂瀁瀇瀅瀂濿濴濷濴 濷濸澳 濶濼瀁濶澳 濸瀆瀃灵濶濼濸瀆澳 濴瀈瀇灿濶瀇瀂瀁濸瀆澳 濷濸澳 瀅瀂瀈瀅濸澳 瀋濼瀁灵瀆澳 瀃濸瀅澳 T. 
melanosporum 瀉濴澳 瀇濸瀁濼瀅澳 灵瀋濼瀇澳 濼澳 瀉濴澳 瀇濸瀁濼瀅澳 濸濹濸濶瀇濸瀆澳瀃瀂瀆濼瀇濼瀈瀆澳 濸瀁澳濸濿澳 濶瀅濸濼瀋濸瀀濸瀁瀇澳濷濸澳 瀇瀅濸瀆澳濷澺濴瀄瀈濸瀆瀇濸瀆澳
濸瀆瀃灵濶濼濸瀆澳 濴濿澳 瀉濼瀉濸瀅澿澳 濅濇澳 瀀濸瀆瀂瀆澳 濷濸瀆瀃瀅灶瀆澳 濷濸澳 濿濴澳 濼瀁瀂濶瀈濿濴濶濼炀濁澳 濗瀈濸瀆澳 濸瀆瀃灵濶濼濸瀆澿澳 Q. mongolica i Q. 
longispica, semblen ser sim濵濼瀂瀁瀇瀆澳瀃瀅瀂瀀濸瀇濸濷瀂瀅瀆澳瀃濸瀅澳濴澳瀃瀅瀂濽濸濶瀇濸瀆澳濷濸澳濶瀈濿瀇濼瀈澳濷濸澳瀇灿濹瀂瀁濴澳濺瀂瀈瀅瀀濸瀇澳
濴澳濿濴澳濫濼瀁濴澿澳濴濿濻瀂瀅濴澳瀄瀈濸澳瀃瀂濷濸瀁澳濶瀂瀁瀇瀅濼濵瀈濼瀅澳濴澳濿濴澳濹瀂瀅濸瀆瀇濴濶濼炀澳濼澳濿濴澳濶瀂瀁瀆濸瀅瀉濴濶濼炀澳濷濸濿瀆澳濸濶瀂瀆濼瀆瀇濸瀀濸瀆濁澳澻瀉澼澳濟濸瀆澳
瀃濿灭瀁瀇瀈濿濸瀆澳濷濸澳Pinus radiata 濼瀁瀇瀅瀂濷瀈灼濷濸瀆澳濸瀆澳瀃瀂濷瀅濼濸瀁澳濸瀆瀇濴濵濿濼瀅澳濴瀀濵澳灵瀋濼瀇澳濸瀁澳瀈瀁澳瀁瀂瀈澳濻灭濵濼瀇濴瀇澳濹瀂瀅瀀濴瀁瀇澳
micorizes amb Lactarius deliciosus o formant associacions familiars amb EcMF local. L. 
deliciosus 濶瀂濼瀁瀇瀅瀂濷瀈灼瀇澳瀃瀂濷瀅濼濴澳瀃濸瀅瀆濼瀆瀇濼瀅澳濴澳濿濴澳瀃濿濴瀁瀇濴濶濼炀澳濷濸澳濫濼濹濸瀁濺澳濼澳瀁瀂澳瀆濸瀅澳瀆瀈濵瀆瀇濼瀇瀈灼瀇澳瀃濸瀅澳濘濶濠濙澳濿瀂濶濴濿濁澳
Un EcMF local, Suillus 瀆瀃濁澳濴澳濿澺濻灭濵濼瀇濴瀇澳濿瀂濶濴濿澳瀉濴澳濹瀂瀅瀀濴瀅澳濴瀆瀆瀂濶濼濴濶濼炀澳濴瀀濵 P. radiata. 

 



 

� 
 

,1752'8&7,21 
 
7KH�WRSRJUDSK\�RI�VRXWKZHVWHUQ�&KLQD�LV�FRPSOH[�DQG�WKH�DOWLWXGH�GLIIHUHQFHV�DUH�JUHDW��
7KH�ZKROH�UHJLRQ�LV�GHHSO\�LQIOXHQFHG�E\�D�VXEWURSLFDO�PRQVRRQ�FOLPDWH�DQG�D�SODWHDX�
PRXQWDLQ�FOLPDWH��HVSHFLDOO\�E\�WZR�ZDUP�DQG�KXPLG�DLU�IORZV�IURP�WKH�,QGLDQ�2FHDQ�
DQG�WKH�3DFLILF�2FHDQ��&RQVHTXHQWO\��WKHUH�LV�DEXQGDQW�UDLQIDOO��QXPHURXV�ULYHUV�DQG�
WKH� WURSLFDO�� VXEWURSLFDO�� VXEDOSLQH� DQG� DOSLQH� WHPSHUDWH� YHJHWDWLRQ� LQ� WKH� UHJLRQ�
VXSSRUWV� D� ZHDOWK� RI� ELRORJLFDO� UHVRXUFHV�� ,Q� &KLQD�� WKLV� UHJLRQ� LV� NQRZQ� DV� WKH�
.LQJGRP� RI� DQLPDOV�� SODQWV� DQG� IXQJL�� :LOG� HGLEOH� IXQJDO� IUXLWLQJ� ERGLHV�� RU�
PXVKURRPV��NQRZQ�DV�³GHOLFDFLHV�IURP�WKH�PRXQWDLQV´��DUH�D�QDWXUDO�IRUHVW�UHVRXUFH�
ZLGHO\� DFNQRZOHGJHG� IRU� WKHLU� QXWULWLRQDO�� PHGLFLQDO�� HFRQRPLF�� DQG� HYHQ� FXOWXUDO�
YDOXH��%DR�������%DUURV�HW�DO��������0RHUPDQ�������/L�HW�DO���������/RFDO�NQRZOHGJH�
KDV�EHHQ�GHYHORSHG�UHJDUGLQJ�ZLOG�HGLEOH�PXVKURRPV��WKHLU�HFRORJ\��SKHQRORJ\��DQG�
PRUSKRORJ\��ZKLFK�KDV�SHUPLWWHG�WKHLU�XVH��0RQWR\D�HW�DO��������=HQW�HW�DO��������Ruan-
Soto et al. 2018���0RUH�WKDQ�����VSHFLHV�RI�HGLEOH�PXVKURRPV�KDYH�EHHQ�LGHQWLILHG�LQ�
VRXWKZHVW�&KLQD�� UDQNLQJ� LW� DW� WKH� WRS� RI� IXQJDO� GLYHUVLW\� LQ�&KLQD��0RUHRYHU�� QHZ�
IXQJDO�UHVRXUFHV�FRQWLQXH�WR�EH�GLVFRYHUHG�LQ�WKH�UHJLRQ��&XL�HW�DO��������*H�HW�DO��������
+DQ�HW�DO�������� 
 
/RFDO� WUDGLWLRQDO� NQRZOHGJH� DOORZV� SHRSOH� WR� UHFRJQL]H� ZLOG� HGLEOH� IXQJL� �:()��
VSHFLHV��WKHLU�WHPSRUDOLW\��WKHLU�KDELWDW��DQG��PRVW�LPSRUWDQWO\��WKH�VXVWDLQDEOH�ZD\�WR�
XVH�WKH�PXVKURRPV�LQ�WKHLU�IRUHVWV��(WKQRP\FRORJ\�LV�D�UHODWLYHO\�QHZ�DUHD�RI�UHVHDUFK�
WKDW�LQYHVWLJDWHV�WUDGLWLRQDO�NQRZOHGJH��DV�ZHOO�DV�FXOWXUDO�DQG�HQYLURQPHQWDO�HIIHFWV��
RI� WKH� DVVRFLDWLRQ� EHWZHHQ� KXPDQ� VRFLHWLHV� DQG� IXQJL� �Wasson 1957)�� 'HVSLWH� WKH�
KLVWRULFDO�XVH�RI� IXQJL�VLQFH�DQWLTXLW\��HWKQRORJLFDO� VWXGLHV�RI�ZLOG�PXVKURRPV�DUH�D�
UHODWLYHO\�QHZ�SKHQRPHQRQ��&KHQ�HW�DO��������<LOPD]�HW�DO���������(WKQRP\FRORJLFDO�
NQRZOHGJH�LV�D�NH\�WRRO�IRU�IRUHVW�FRQVHUYDWLRQ�WR�SUHGLFW�DQWKURSLF�KDUYHVWLQJ�SUHVVXUH�
RQ�:()�DQG�VXSSRUW�WKH�PDQDJHPHQW�DQG�VXVWDLQDEOH�XWLOL]DWLRQ�RI�ZLOG�IXQJL��Franco-
Maass et al. 2016)��$QG�Whe preservation of these knowledge is fundamental to avoiding 
poisonings (Ruan-Soto et al. 2018). )LOOLQJ�WKH�JDSV�LQ�HWKQRP\FRORJLFDO�NQRZOHGJH�
ZLOO be beneficial to assess species availability as a prelude to conservation and 
ecological sustainability in southwest China.  
 
,Q�UHFHQW�\HDUV��JDWKHULQJ��SURFHVVLQJ�DQG�VHOOLQJ�:()�KDV�EHFRPH�D�PDMRU�LQGXVWU\��
ZKLFK� KDYH� SOD\HG� DQ� LQFUHDVLQJO\� LPSRUWDQW� UROH� IRU� SRYHUW\ DOOHYLDWLRQ� LQ� PDQ\�
UHPRWH�DQG�PRXQWDLQRXV�DUHDV�LQ�VRXWKZHVW�&KLQD��6LWWD�HW�DO��������Wang et al. 2019, 
Duan 2020, Zhang 2020). 7KH�<XQQDQ�3URYLQFH�LQ�VRXWKZHVWHUQ�&KLQD��LQ�SDUWLFXODU��
KDV�DQ�LPSRUWDQW�WUDGLWLRQ�RI�FRQVXPSWLRQ�DQG�WUDGH�RI�PXVKURRP��6LWWD�HW�DO���������
7KH�DQQXDO�SURGXFWLRQ�RI�:()�LQ�<XQQDQ�DPRXQWV�WR�DERXW��������W��<DQJ�������RI�
FRPPHUFLDO�IXQJL��LQFOXGLQJ�WUXIIOHV��PDWVXWDNH��SRUFLQL��FKDQWHUHOOHV��PLON�DJDULF�HWF��
0RVW�RI�KLJK�SULFHG�ZLOG�HGLEOH�IXQJL�DUH�HFWRP\FRUUKL]DO�IXQJL��(0)���:DQJ�DQG�/LX�
�������VWXGLHG�V\VWHPDWLFDOO\� WKH� WUDGH�RI� IXQJL� LQ�<XQQDQ�PDUNHWV�DQG�VKRZHG� WKDW�
DERXW�������RI�WKH�:()�VSHFLHV�DUH�(0)��,Q�QDWXUH��WKH�QXPEHU�RI�(0)�VSHFLHV�LV�
HVWLPDWHG�WR�EH�EHWZHHQ�������í��������$OLFH��������,W�LV�D�NH\�FRPSRQHQW�LQ�IRUHVW�
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HFRV\VWHP�� ZKLFK� SURYLGHV� SODQWV� ZLWK�PLQHUDO� QXWULHQWV�� ZDWHU�� RU� GHIHQVH� DJDLQVW�
SDWKRJHQV��ZKHUHDV�SODQWV�VXSSO\�(0)�ZLWK�HQHUJ\�ULFK�FDUERQ�FRPSRXQGV�LQ�UHWXUQ�
�$OOHQ� ������ /LDQJ� HW� DO�� ������ .XPDU� DQG�$WUL� ������ �)LJ� ���� +RZHYHU�� WKH� KLJK�
HFRQRPLF�YDOXH�RI�:()�KDV�EHHQ�GULYLQJ�IRUHVW�GHSHQGHQW�FRPPXQLWLHV�WR�FRPSOHWHO\�
GHYRWH�WKHLU�UHVRXUFHV�WR�KXQWLQJ�PXVKURRPV�IRU�LPPHGLDWH�FDVK�WKDQNV�WR�DQ�HQGOHVV�
PDUNHW�GHPDQG��Mortimer et al. 2012, Hall et al 2003)��'LVRUGHUO\�GLJJLQJ�DQG�KXQWLQJ��
KDELWDW�ORVV��DQG�YHJHWDWLRQ�GHWHULRUDWLRQ��)LJ��D��E��LV�WKUHDWHQLQJ�WKH�VXUYLYDO�RI�IXQJDO�
SRSXODWLRQV�DQG�WKH�IRUHVWV�WKDW�VXSSRUW�WKHP��<X�HW�DO��������Donnini et al. 2013, Zhao 
et al. 2021, Ma et al. 2020���7KH�DERYH�VLWXDWLRQ�PRWLYDWHG�UHVHDUFK�IRFL�WR�QHZ�DQG�
EHWWHU� WHFKQLTXHV� IRU� LQRFXODWLQJ�� WUDQVSODQWLQJ� DQG� HVWDEOLVKLQJ� P\FRUUKL]DO� WUHH�
VHHGOLQJV� PRUH� ZLGHO\� WR� SURYLGH� QHZ� VRXUFHV� RI� WKHVH� YDOXHG� PXVKURRPV�� $QG�
GLVFRYHU\�RI�PRUH�QHZ�YDOXHG�PXVKURRP�VSHFLHV�ZLOO�FRQWULEXWH�WR�WKH�VXVWDLQDEOH�XVH�
RI�:()�UHVRXUFHV��,Q�DGGLWLRQ��P\FRUUKL]DO�IXQJL�FDQ�SURPRWH�VXUYLYDO��HVWDEOLVKPHQW�
DQG�JURZWK�RI�\RXQJ�WUHHV�LQ�QHZO\�HVWDEOLVKHG�IRUHVW�SODQWDWLRQ��;X�HW�DO��������=KDQJ�
HW�DO��������DQG�LW�FRXOG�EH�D�XVHIXO�WRRO� LQ�WKH�DIIRUHVWDWLRQ�RU�UHIRUHVWDWLRQ��.USDWD�
������6RXVD�HW�DO���������7KHUHIRUH��WKH�FXOWLYDWLRQ�RI�(0)�DQG�LQWHJUDWLRQ�ZLWK�P\FR�
VLOYLFXOWXUH� SUDFWLFHV� KDV� WKH� SRWHQWLDO� WR� DOOHYLDWH� SUHVVXUHV� RQ� ZLOG� PXVKURRP�
SRSXODWLRQV�DQG�RQ�WKH�HQYLURQPHQW��6DYRLH�DQG�/DUJHWHDX��������  
 

 
)LJXUH���$�FRQFHSWXDO�GLDJUDP�VKRZLQJ�SRWHQWLDO�FRPPRQ�P\FRUUKL]DO�OLQNDJHV�RU�QHWZRUNV�

DPRQJ�DUEXVFXODU�P\FRUUKL]DO��$0���HFWRP\FRUUKL]DO��(0��DQG�RU�QRQ��P\FRUUKL]DO��10��SODQWV�
�IURP�:DQJ�HW�DO�������� 
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� � )LJXUH����DíF�'LVRUGHUO\�GLJJLQJ�WUXIIOH�LQ�<XQQDQ��F�LPPDWXUH�7XEHU�LQGLFXP���G�(XFDO\SWXV�
WUHHV�LQVWHDG�RI�QDWLYH�IRUHVWV�LQ�FHQWHU�RI�<XQQDQ��H�(VWDEOLVKHG�UXEEHU�SODQWDWLRQV�ZLWK�ODUJH�DUHD�

LQ�VRXWK�RI�<XQQDQ���D��E�)XTLDQJ�<X��F�
KWWSV���PS�ZHL[LQ�TT�FRP�V�'6)W(*Q%��2.V]-2K=(�NJ� 

 
0DQ\�SUHYLRXV�VWXGLHV�LQGLFDWHG�WKDW�VHHGOLQJ�UHVSRQVHV�WR�P\FRUUKL]DO�LQRFXODWLRQ�LV�
LV�SRVLWLYH��QHXWUDO��RU�QHJDWLYH�GHSHQGLQJ�RQ�HQYLURQPHQWDO�IDFWRUV�RU�RQ�(0)�VSHFLHV�
RU�KRVW�SODQW�XVHG��'XQDEHLWLD�������)ORUHV�5HQWHULD��������7UXIIOHV�KDYH�D�EURDG�KRVW�
VSHFWUXP� �:DQJ� ������ DQG� WKHLU� FXOWLYDWLRQ� SURPRWHV� HFRQRPLF� UHVWRUDWLRQ� DQG�
UHIRUHVWDWLRQ�RI�UXUDO�ODQGV�DQG�ODQG�XVH�VWDELOLW\�WR�D�ODUJH�H[WHQW�LQ�(XURSHDQ�FRXQWULHV�
�%RQHW�HW�DO���������6R�IDU��PRUH�WKDQ����7XEHU�VSS��KDYH�EHHQ�IRXQG�LQ�&KLQD��&KHQ�
������&KHQ� HW� DO�� ������:DQ������� DQG� VRPH�&KLQHVH� WUXIIOH� SODQWDWLRQV�KDYH�EHHQ�
HVWDEOLVKHG�LQ�&KLQD�HVSHFLDOO\�LQ�*XL]KRX��<XQQDQ�DQG�6LFKXDQ�3URYLQFHV��VRXWKZHVW�
&KLQD��:DQJ��������)LJ������%HVLGHV�ZRUN�RQ�&KLQHVH�WUXIIOHV��P\FRUUKL]DO�V\QWKHVLV�
EHWZHHQ�H[RWLF�WUXIIOHV�DQG�&KLQHVH�WUHHV�ZHUH�DOVR�WULHG�LQ�&KLQD��7KH�3pULJRUG�EODFN�
WUXIIOH��7XEHU�PHODQRVSRUXP�9LWWDG���$VFRP\FRWD��3H]L]DOHV���DOVR�NQRZQ�DV�³WKH�EODFN�
GLDPRQG�RI�)UHQFK�FXLVLQH´��LV�KLJKO\�DSSUHFLDWHG�EHFDXVH�RI�LWV�VSHFLDO�WDVWH�DQG�DURPD�
�0HOOR�HW�DO���������,W�LV�SUREDEO\�WKH�PRVW�HFRQRPLFDOO\�LPSRUWDQW�WUXIIOH�LQ�(XURSH�
�'RQQLQL�HW�DO��������DQG�LWV�FRPPHUFLDO�YDOXH�LV�PXFK�KLJKHU�WKDQ�WKRVH�RI�RWKHU�EODFN�
WUXIIOH� VSHFLHV�� .QRZQ� IURP� WKH�PDMRULW\� RI� (XURSHDQ� FRXQWULHV�� 7�� PHODQRVSRUXP�
FKDUDFWHULVWLFDOO\� OLYHV� LQ� FDOFDUHRXV� VRLOV�� $QG� VRPH� UHSRUWV� LQGLFDWHG� WKDW� 7��
PHODQRVSRUXP� LV� VWULFWO\� FDOFLFRORXV� DQG� JURZV� LQ� FDOFDUHRXV� VRLOV� ZLWK� D� &�1�
UHODWLRQVKLS�FORVH�WR�����/XOOL�HW�DO���������&DVWULJQDQR�HW�DO����������,Q�VRXWKZHVWHUQ�
&KLQD��HVSHFLDOO\�LQ�LWV�VRXWKHUQ�DQG�HDVWHUQ�SDUWV�ZKHUH�W\SLFDO�NDUVW�ODQGVFDSHV�DUH�
ZHOO�GHYHORSHG��VRXWKHDVWHUQ�<XQQDQ��*XL]KRX��QRUWKHUQ�*XDQJ[L���VRLO�EHWZHHQ�URFNV�
LV�SRRU�IRU�FURSV��)LJ������7KH�YDVW�PRXQWDLQRXV�UHJLRQV�ZRXOG�PDNH�WUXIIOH�FXOWLYDWLRQ�
SURVSHURXV� LQ� VRXWKZHVW� &KLQD�� ,Q� SUHYLRXV� VWXGLHV�� P\FRUUKL]DH� ZHUH� V\QWKHVL]HG�
VXFFHVVIXOO\�E\�LQRFXODWLQJ�7��PHODQRVSRUXP�RQWR�GLIIHUHQW�&KLQHVH�LQGLJHQRXV�WUHHV��



 

�� 
 

LQFOXGLQJ�&DVWDQRSVLV�K\VWUL[��&KHQ��������3LQXV�\XQQDQHQVLV��/LQ�HW�DO��������DQG�3��
DUPDQGLL��6X�HW�DO���������3DUWQHU�VHOHFWLRQ�LQ�WKH�P\FRUUKL]DO�V\PELRVLV�LV�WKRXJKW�WR�
EH�D�NH\�IDFWRU�VWDELOL]LQJ�WKH�PXWXDOLVP��:HUQHU��������7XEHU�DVVRFLDWHG�KRVW� WUHHV�
PD\�KDYH�HFRQRPLFDO�YDOXH�DV�WLPEHU��SLQH��RDN���IRRG��SHFDQ��KD]HOQXW���DQG�LQ�IXHO�
SURGXFWLRQ��SRSODU��RDN���'HO�/XQJR�HW�DO��������%HQXFFL�HW�DO���������7KH\�DOVR�KDYH�
DQ� LPSRUWDQW� HFRORJLFDO� YDOXH� LQ� QDWXUH� DV� PDMRU� UHIRUHVWDWLRQ� VSHFLHV�� 7UXIIOH�
FXOWLYDWLRQ�LV�VWLOO�D�QHZ�WRSLF�LQ�&KLQD��7R�DVVHVV�ZKLFK�WUHH�VSHFLHV�FRXOG�HVWDEOLVK�D�
SHUVLVWHQW�P\FRUUKL]DO�V\PELRVLV�ZLWK�7��PHODQRVSRUXP�LQ�JUHHQKRXVH�FRXOG�SURYLGH�
SRWHQWLDO�FDQGLGDWHV�IRU�FXOWLYDWLQJ�WKLV�KLJK�YDOXH�WUXIIOH�VSHFLHV�LQ�&KLQD�LQ�WKH�IXWXUH��  
 

�  
)LJXUH���$VFRFDUSV�RI�7XEHU�LQGLFXP�ZHUH�REWDLQHG�IURP�*XL]KRX�SODQWDWLRQ�LQ����� 

 
 

 
)LJXUH����.DUVW�URFN\�GHVHUWLILFDWLRQ�LQ�*XL]KRX��)XTLDQJ�<X� 

 
:DQJ�HW�DO��������UHFRPPHQGHG�WKDW�WKH�XVH�RI�H[RWLF�WUHH�VSHFLHV�YHUVXV�QDWLYH�VSHFLHV�
LQ�DIIRUHVWDWLRQ�VKRXOG�EH�VLWH�GHSHQGHQW��LQ�GHJUDGHG�ODQG�ZLWK�SRRU�VRLOV��H[RWLFV�DUH�
EHWWHU�WKDQ�QDWLYHV�LQ�QXWULHQW�UHWHQWLRQ��$�QXPEHU�RI�H[RWLF�WUHH�VSHFLHV�IURP�WKH�JHQHUD�
3LQXV��(XFDO\SWXV�DQG�3RSXOXV�KDYH�EHHQ�LQWURGXFHG�WR�&KLQD�VLQFH�����¶V��ZKLFK�KDYH�
EHFRPH�WKH�GRPLQDQW�WUHH�VSHFLHV�LQ�WLPEHU�SODQWDWLRQV�ZLWK�HDV\�SURSDJDWLRQ��VWURQJ�
DGDSWDELOLW\��VKRUW�JURZWK�F\FOH�DQG�KLJK�TXDOLW\�ZRRG��6RQJ��������:DQJ�HW�DO���������
&KHQ� HW� DO��� ������ )DURRT� HW� DO��� ������� 6XLWDEOH� PXWXDOLVWV� SOD\� LPSRUWDQW� UROHV� LQ�
naturalization� RI� LQWURGXFHG� SODQWV� �.HDQH� DQG�&UDZOH\�� ������ 3ULQJOH� HW� DO��� ������
-XUNLHQ�HW�DO���������0R\DQR�HW�DO���������1LQJ�HW�DO����������,t has been long recognized 
that the absHQFH� RI� FR�HYROYHG� (0)� LQ� ILHOGV� LV� D� PDMRU� REVWDFOH� WR� VXFFHVVIXO�
HVWDEOLVKPHQW�RI� LQWURGXFHG�SODQWV� �0LNROD��������3R\QWRQ��������5LFKDUGVRQ�HW�DO���
������3ULQJOH�HW�DO���������1XQH]�DQG�'LFNLH���������3LQXV�UDGLDWD�'��'RQ�LV�D�QDWLYH�
VSHFLHV�WR�WKH�FHQWUDO�FRDVW�RI�&DOLIRUQLD��WKH�8QLWHG�6WDWHV��,W�KDV�D�ORZHVW�PRUWDOLW\�
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DQG�D�EHVW�JURZWK�UDWH�GXULQJ�HDUO\�HVWDEOLVKPHQW�ZKHUH�RWKHU�IRUHVW�VSHFLHV�DUH�GLIILFXOW�
WR�EH�HVWDEOLVKHG��%L�HW�DO����������6LQFH�����¶V��3��UDGLDWD�KDV�EHFRPH�WKH�PDLQ�SODQWHG�
WUHH�VSHFLHV�LQ�1HZ�=HDODQG��2QH�SODQWDWLRQ�RI�3��UDGLDWD�IURP�1HZ�=HDODQG�KDV�EHHQ�
HVWDEOLVKHG�LQ�*XL]KRX�SURYLQFH��VRXWKZHVW�RI�&KLQD�VLQFH�������0\FRUUKL]DO�VHHGOLQJV�
KDYH�EHHQ�REWDLQHG�EHWZHHQ�SLQHV�DQG�WKH�JHQXV�/DFWDULXV�3HUV���:DQJ�HW�DO����������
DQ�HFRQRPLFDOO\�YDOXDEOH�HGLEOH�IXQJL�/DFWDULXV�GHOLFLRVXV�FXOWXUH�ZDV�RULJLQDOO\�IURP�
IUXLWLQJ� ERGLHV� LQ�1HZ�=HDODQG¶V�3�� UDGLDWD� SODQWDWLRQ� �:DQJ� HW� DO��� ������*XHULQ��
/DJXHWWH� HW� DO��� ������� ,Q�0D\�������P\FRUUKL]DO� DQG�QRQ�P\FRUUKL]DO� VHHGOLQJV�RI�
H[RWLF�3��UDGLDWD��DQG�QRQ�P\FRUUKL]DO�VHHGOLQJV�RI�QDWLYH�3��PDVVRQLDQD�/DPE��ZHUH�
UHVSHFWLYHO\�SODQWHG� LQ�;LIHQJ�&RXQW\��*XL]KRX�3URYLQFH�� 6XFFHVV�RI� SODQWDWLRQV� LV�
FOHDUO\�UHODWHG�WR�WKH�HQYLURQPHQW��WKH�P\FRUUKL]DO�VWDWXV�RI�WKH�KRVW�WUHHV�RYHU�WKH�\HDUV�
IURP� LQRFXODWHG� VHHGOLQJV� WR� IXQJL�SURGXFLQJ� WUHHV�� 8QGHUVWDQGLQJ� RQ� KRZ� DQ�
LQWURGXFHG�(0)�/��GHOLFLRVXV�RU�ORFDO�(0)�KHOS�DQ�H[RWLF�3��UDGLDWD�WR�EH�VXFFHVVIXOO\�
HVWDEOLVKHG�LQ�D�QHZ�KDELWDW�ZLOO�SURYLGH�LQVLJKWV�LQWR�WKH�PHFKDQLVP�RI�H[RWLF�SODQW�
HVWDEOLVKPHQW�GXULQJ�HFRV\VWHP�UHVWRUDWLRQ� 
 
,Q�WKH�SUHVHQW�UHVHDUFK���L��ZH�VWXGLHG�WKH�DUHDV�LQ�VRXWKZHVW�&KLQD��HVSHFLDOO\�LQ�3X¶HU�
3UHIHFWXUH�LQ�WKH�VRXWKHUQ�SDUW�RI�<XQQDQ�SURYLQFH�ZKLFK�KDV�WKH�KLJKHVW�GLYHUVLW\�RI�
ERWK�FXOWXUHV�DQG�IXQJL��:e aimed to gather ethnomycological knowledge and update 
the knowledge regarding the fungal species used by ethnic groups in southwest China, 
while the fungal diversity in natural habitats was also documented. (ii) Then we 
FROOHFWHG�QHZ�YDOXHG�FRPPHUFLDO�PXVKURRPV�IURP�PDUNHWV��:H�DLPHG�WR�LGHQWLI\�WKHP�
E\�PRUSKRORJLFDO�DQG�PROHFXODU�SK\ORJHQHWLF�DQDO\VHV��DQG�H[DPLQH�WKH�IHDVLELOLW\�RI�
LQRFXODWLQJ�VHHGOLQJV�LQ�WKH�JUHHQKRXVH���LLL��,Q�DGGLWLRQ��ZH�DVVHVVHG�WKH�VHOHFWLRQ�RI�
WKH� VXLWDEOH� KRVW� SODQWV� IRU� 7XEHU� PHODQRVSRUXP�� :H� DLPHG� WR� DFFOLPDWL]H� WKH�
P\FRUUKL]DH� REWDLQHG� LQ� JODVVKRXVH� FRQGLWLRQV� DQG� DVVHVV�ZKLFK� RDN� VSHFLHV� FRXOG�
HVWDEOLVK�D�SHUVLVWHQW�P\FRUUKL]DO�V\PELRVLV�ZLWK�7��PHODQRVSRUXP�DQG��WKHUHIRUH��EH�
SRWHQWLDO�FDQGLGDWHV�IRU�FXOWLYDWLQJ�WKLV�KLJK�YDOXH�WUXIIOH�VSHFLHV�LQ�&KLQD�LQ�WKH�IXWXUH��
�Y��,Q�WKH�HQG��WKH�VWUDWHJLHV�WR�LQWURGXFH�H[RWLF�WLPEHU�SLQH�3��UDGLDWD�VHHGOLQJV�HLWKHU�
FRORQL]HG�ZLWK�DQ�HFWRP\FRUUKL]DO�IXQJXV��(F0)��RU�IRUP�IDPLOLDU�QHZ�DVVRFLDWLRQV�
ZLWK�ORFDO�(F0)�LQ�D�QHZ�KDELWDW�ZHUH�VWXGLHG��:H�DLPHG�WR�NQRZ�KRZ�3��UDGLDWD�FRXOG�
EH�VXFFHVVIXOO\�HVWDEOLVKHG�RYHU�D�SHULRG�RI�����\HDUV�DQG�SURYLGHV�LQVLJKWV�LQWR�D�EHWWHU�
XQGHUVWDQGLQJ�RI�WKH�LQWHUDFWLRQ�HIIHFWV�EHWZHHQ�KRVW�WUHHV�DQG�IXQJL�LQ�WKH�DIIRUHVWDWLRQ��
$ERYH� UHVHDUFKHV�will provide scientific information and insights, and the foremost 
pathway to achieve the sustainable development goals of wild edible mushrooms. 
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2%-(&7,9(6�  
 
7KH�REMHFWLYHV�RI�WKH�SUHVHQWHG�WKHVLV�DUH��  
 
���7R�ILOO�WKH�JDSV�LQ�HWKQRP\FRORJLFDO�NQRZOHGJH�LQ�3X¶HU�3UHIHFWXUH��<XQQDQ��&KLQD��
XSGDWH�DQG�VXSSOHPHQW�WKH�LQIRUPDWLRQ�RQ�IXQJDO�WD[D�SUHVHQW�LQ�PDUNHWV�DQG�QDWXUDO�
KDELWDWV�� HVSHFLDOO\� HFWRP\FRUUKL]DO� IXQJL� �(0)��� DQG� FROOHFW� HFWRP\FRUUKL]DO� IXQJL�
LVRODWHV�DQG�SURYLGH�KHOS�IRU�VXVWDLQDEOH�XWLOL]DWLRQ�RI�ZLOG�IXQJL�UHVRXUFHV� 
 
���7R�LGHQWLI\�D�KLJK�YDOXH�RI�FRPPHUFLDO�5KL]RSRJRQ�VSHFLHV�E\�PRUSKRORJLFDO�DQG�
PROHFXODU�SK\ORJHQHWLF�DQDO\VHV�DQG�SURYLGH�D�SKHQRW\SLF�NH\�WR�UHODWHG�VSHFLHV��DQG�
H[DPLQH�WKH�IHDVLELOLW\�RI�LQRFXODWLQJ�VHHGOLQJV�RI�WZR�3LQXV�VSHFLHV��3LQXV�DUPDQGLL�
DQG�3��\XQQDQHQVLV��WKH�PDLQ�IRUHVW�DQG�HFRQRPLF�WUHHV�LQ�<XQQDQ�SURYLQFH��ZLWK�VSRUHV�
RI�QHZ�5KL]RSRJRQ�VSHFLHV�LQ�WKH�JUHHQKRXVH� 
 
���7R� LGHQWLI\� D� KLJK�YDOXH� FRPPHUFLDO�&KRLURP\FHV� VSHFLHV� E\�PRUSKRORJLFDO� DQG�
PROHFXODU�SK\ORJHQHWLF�DQDO\VHV�DQG�GLVFXVV�LWV�UHODWLRQVKLSV�ZLWK�RWKHU�&KRLURP\FHV�
VSHFLHV��DQG�H[DPLQH�WKH�IHDVLELOLW\�RI�LQRFXODWLQJ�VHHGOLQJV�RI�WZR�3LFHD�VSHFLHV��3LFHD�
OLNLDQJHQVLV�DQG�3L��FUDVVLIROLD��DQG�RQH�3LQXV�VSHFLHV��3LQXV�DUPDQGLL�ZLWK�VSRUHV�RI�
WKLV�QHZ�&KRLURP\FHV�VSHFLHV�LQ�WKH�JUHHQKRXVH� 
 
��� 7R� DFFOLPDWL]H� WKH� P\FRUUKL]DO� VHHGOLQJV� REWDLQHG� LQ� JODVVKRXVH� FRQGLWLRQV� DQG�
DVVHVV�ZKLFK�QDWLYH�RDN�VSHFLHV�FRXOG�HVWDEOLVK�D�SHUVLVWHQW�P\FRUUKL]DO�V\PELRVLV�ZLWK�
7��PHODQRVSRUXP�DQG��WKHUHIRUH��EH�SRWHQWLDO�FDQGLGDWHV�IRU�FXOWLYDWLQJ�WKLV�KLJK�YDOXH�
WUXIIOH�VSHFLHV�LQ�&KLQD�LQ�WKH�IXWXUH� 
 
��� 7R� VWXG\� WKH� VWUDWHJLHV� RI� LQWURGXFHG� 3LQXV� UDGLDWD� VHHGOLQJV� FRORQL]HG� ZLWK� DQ�
HFWRP\FRUUKL]DO� IXQJXV� �(0)��� /DFWDULXV� GHOLFLRVXV�� RU� IRUPHG� IDPLOLDU�QHZ�
DVVRFLDWLRQV� ZLWK� ORFDO� (0)� LQ� D� QHZ� KDELWDW� WR� NQRZ� KRZ� 3�� UDGLDWD� FRXOG� EH�
VXFFHVVIXOO\�HVWDEOLVKHG�RYHU�D�SHULRG�RI�����\HDUV�LQ�&KLQD� 
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7+(6,6�6758&785( 
 
7KH� VWUXFWXUH� RI� WKH� WKHVLV� WR� DFFRPSOLVK� WKH� DIRUHVDLG� REMHFWLYHV� LQFOXGHV�
HWKQRP\FRORJLFDO� VWXG\� RQ� ZLOG� PXVKURRPV� DQG� HFWRP\FRUUKL]DO� IXQJL� GLYHUVLW\�
�&KDSWHU�,���WD[RQRPLF�UHVHDUFK�DQG�P\FRUUKL]DO�V\QWKHVLV�VWXG\�RQ�QHZ�FRPPHUFLDO�
HFWRP\FRUUKL]DO� IXQJDO� VSHFLHV� �&KDSWHU� ჟ� DQG� &KDSWHU� რ��� D� WHVW� IRU� 7XEHU�
PHODQRVSRUXP�DQG�QDWLYH�&KLQHVH�RDN�VSHFLHV�IRUPLQJ�VWDEOH�P\FRUUKL]DO�V\PELRVHV�
�&KDSWHU�,9��DQG��ILQDOO\��WKH�LQWHUDFWLRQ�HIIHFWV�RI�FR�LQWURGXFHG�/DFWDULXV�GHOLFLRVXV�
DQG�ORFDO�IXQJDO�FRPPXQLWLHV�RQ�WKH�HVWDEOLVKPHQW�RI�H[RWLF�3LQXV�UDGLDWD�VHHGOLQJV�
�&KDSWHU�ტ���  
 
)LUVW��DLPLQJ�WR�LQYHVWLJDWH�P\FRORJLFDO�FXOWXUH�GLYHUVLW\�DQG�IXQJDO�GLYHUVLW\�LQ�<XQQDQ�
3URYLQFH��&KDSWHU�,���HWKQRP\FRORJLFDO�NQRZOHGJH�ZDV�VXUYH\HG��WKH�LQIRUPDWLRQ�RQ�
IXQJDO�WD[D�SUHVHQW�LQ�PDUNHWV�DQG�QDWXUDO�KDELWDWV�ZDV�XSGDWHG�DQG�VXSSOHPHQWHG��DQG�
HFWRP\FRUUKL]DO�IXQJL�LVRODWHV�ZHUH�FROOHFWHG�IRU�IXWXUH�VWXGLHV��  
 
6HFRQG��ZH�IRFXVHG�RQ�WD[RQRP\�DQG�P\FRUUKL]D�IRUPDWLRQ�RI�WZR�QHZ�KLJK�YDOXHG�
FRPPHUFLDO�ZLOG�PXVKURRP�VSHFLHV��&KDSWHU�,,�DQG�&KDSWHU�რ���2XU�VHFRQG�VWXGLHV�
SURYLGH�IXQGDPHQWDO�GDWD�DERXW�WKH�VSHFLHV�GLYHUVLW\�DQG�P\FRUUKL]DO�UHVHDUFK�RI�WKLV�
JHQXV�IRU�IXUWKHU�VWXGLHV��$QG�VXFFHVVIXO�LQRFXODWLRQ�RI�WKLV�QHZ�FRPPHUFLDO�PXVKURRP�
VSHFLHV�DQG�VHOHFWHG�WUHH�VSHFLHV�ZRXOG�GHYHORS�DQ�HIIHFWLYH�SDWKZD\�WR�SURGXFH�ERWK�
PXVKURRPV�DQG�WLPEHU�XQGHU�HLWKHU�SODQWHG�RU�QDWXUDO�IRUHVWV��  
 
7KLUG��ZH�DLPHG�WR�WHVW�ZKHWKHU�7XEHU�PHODQRVSRUXP�DQG�QDWLYH�&KLQHVH�RDN�VSHFLHV�
FRXOG�IRUP�VWDEOH�P\FRUUKL]DO�V\PELRVHV��&KDSWHU�,9���,Q�WKLV�VWXG\��HFWRP\FRUUKL]DO�
GHYHORSPHQW�ZDV�PRQLWRUHG�IRU�XS�WR����PRQWKV�DQG�VHHGOLQJ�JURZWK�ZDV�DVVHVVHG�WZR�
\HDUV�DIWHU�LQRFXODWLRQ��  
 
)LQDOO\��ZH�DQDO\]HG�WKH�LQWHUDFWLRQ�HIIHFW�RI�(0)��LQFOXGLQJ�FR�LQWURGXFHG�/DFWDULXV�
GHOLFLRVXV�DQG�ORFDO�(F0)�FRPPXQLWLHV��RQ�WKH�HVWDEOLVKPHQW�RI�H[RWLF�3LQXV�UDGLDWD�
VHHGOLQJV� LQ� *XL]KRX�� VRXWKZHVW� &KLQD� WR� XQGHUVWDQG� RQ� KRZ� DQ� LQWURGXFHG� (0)�
/DFWDULXV�GHOLFLRVXV�RU�ORFDO�(F0)�FRXOG�KHOS�DQ�H[RWLF�3��UDGLDWD�WR�EH�VXFFHVVIXOO\�
HVWDEOLVKHG�LQ�D�QHZ�KDELWDW��&KDSWHU�ტ���  
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0(7+2'2/2*< 
 
6LWH�GHVFULSWLRQ��)LJ���� 
 
&KDSWHU�პ 
 
The investigation took place in 3X¶HU� 3UHIHFWXUH�� WKH� ODUJHVW� SUHIHFWXUH� LQ� <XQQDQ�
Province, southwest China with a total area of 45,385 square kilometers. It is located 
between 22°02' N~24°50' N and 99°09' E~102°19' E, and the Tropic of Cancer runs 
DFURVV�WKH�PLGGOH�RI�WKH�SUHIHFWXUH��$ERXW�������RI�3X¶HU�LV�IRUHVWHG�ZKHUH�WKH�PDLQ�
type of vegetation is broad-leaved forest, mixed forest (Alnus, Castanopsis, Olea, Pinus, 
Quercus) and Pinus forests��3X¶HU is one of the most culturally diverse prefectures, with 
fourteen ethnic groups inhabiting this area. Our investigation was carried out in five 
nationality autonomous counties (Lancang Lahu, Menglian Dai Lahu Wa, Mojiang 
+DQL��1LQJ¶HU�+DQL�<L��;LPHQJ�:D��DQG�RQH�KRPRQ\PRXV�PXQLFLSDOLW\��3X¶HU��)LJXUH�
1), all located south of the Tropic of Cancer. 
 
&KDSWHU�ჟ 
 
The Rhizopogon samples were collected from markets and natural Pinus armandii 
Franch. forests in Aziying County, Yunnan Province and Duge Village, Huidong 
County, Liangshan Yi Autonomous Prefecture, Sichuan Province, China. The locations 
are 25.3866 ºN, 102.8839 ºE, alt. 2,710 m and 26.72640815 ºN 102.66346161 ºE, alt. 
2338 m. Rhizopogon mycorrhiza samples were collected from natural Pinus armandii 
Franch. forest in Aziying County, Yunnan Province. 
 
&KDSWHU�რ 
 
)UHVK� VSHFLPHQV� ZHUH� SXUFKDVHG� IURP� PDUNHWV� LQ� 6RQJSDQ� &RXQW\�� 7LEHWDQ� 4LDQJ�
$XWRQRPRXV�3UHIHFWXUH�RI�1JDZD��6LFKXDQ��&KLQD��7KH�ORFDWLRQ�LV�EHWZHHQ������' 1a�
�����ƍ, ������ƍa������ƍ�(��  
 
Chapter ტ 
 
7KH�SODQWDWLRQ�������KD��LV�ORFDWHG�LQ�;LIHQJ�&RXQW\��މ���������1މ������ E, alt. 1213 m 
above the sea level), Guizhou, southwest China, where has an annual rainfall of ~1,200 
mm. The plantation area was an abandoned farmland where shrubs and weeds 
(dominated by Pyracantha sp. and Fabaceae) had grown for more than five years. The 
native Pinus massoniana (PM) forests are 1,000 m from the plantation. 
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)LJXUH����/RFDWLRQ�RI�DOO�VLWHV 

 
Experiment design, methods and analyses: 
 
&KDSWHU�პ 
 
Our investigation was carried out in five nationality autonomous counties and one 
KRPRQ\PRXV�PXQLFLSDOLW\�� 3X¶HU�� DOO� ORFDWHG� VRXWK� RI� WKH� 7URSLF� RI�&DQFHU�� Semi-
structured interviews were carried during the mushroom season (July to October) in 
three consecutive years (2019 to 2021) in established mushroom markets, mobile 
markets and street-stalls beside county highways or village roads. Wild edible fungi 
were FROOHFWHG� IURP� IRUHVWV� WR� UHFRUG� WKH� IXQJDO� UHVRXUFHV� DQG� GLYHUVLW\� LQ� 3X¶HU�
prefecture by using the random line transect method. Fresh fruiting bodies of 
ectomycorrhizal fungi from markets and natural habitats were used to make pure 
cultures from the flesh of cap on prepared agar medium. Collections purchased from 
markets and collected from natural habitats were identified through taxonomical and 
molecular studies. 
 
&KDSWHU�ჟ 
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Sporocarps of new species Rhizopogon songmaodan sp. nov. were obtained from 
markets and forests. Microscopic characteristics were described from fresh specimens. 
Ectomycorrhizas were collected from P. armandii forest and separated under the 
stereomicroscope (Leica S8AP0) in order to select, photograph, and characterize 
morphotypes macroscopically (Agerer 1987±2002). Mycorrhizal synthesis YLD� VSRUH�
LQRFXODWLRQ�EHWZHHQ�5��VRQJPDRGDQ�DQG�WZR�QDWLYH�SLQH�VSHFLHV��3LQXV�DUPDQGLL�DQG�
3�� \XQQDQHQVLV� ZDV� FDUULHG� RXW� LQ� D� JUHHQKRXVH� VWXG\� DNA of basidiomata and 
HFWRP\FRUUKL]DO��(&0��WLSV�ZHUH�H[WUDFWHG�XVLQJ�$LGODE��NLW��%HLMLQJ���7KH�LQWHUQDO�
transcribed spacer (ITS) region of the ribosomal DNA was amplified from DNA 
extracts using the ITS1F/ITS4 primer pair (White et al. 1990; Gardes and Bruns 1993). 
$�WRWDO�RI����,76�VHTXHQFHV�LQFOXGLQJ����QHZO\�JHQHUDWHG�LQ�WKLV�VWXG\�DQG����UHWULHYHG�
IURP�*HQ%DQN�IRUPHG�WKH�GDWDVHW��0D[LPXP�OLNHOLKRRG��0/��SK\ORJHQHWLF�DQDO\VHV�
ZHUH�SHUIRUPHG�WR�LQIHU�SK\ORJHQHWLF�UHODWLRQVKLSV�RI�WD[D� 
 
&KDSWHU�რ 
 
6SHFLPHQV�RI�&KRLURP\FHV�VLFKXDQHQVLV�VS��QRY��ZHUH�SXUFKDVHG�IURP�PDUNHWV��*URVV�
PRUSKRORJ\�ZDV�GHVFULEHG�EDVHG�RQ�WKH�IUHVK�DVFRPDWD��DQG�PLFURVFRSLF�H[DPLQDWLRQ�
ZDV� ODWHU� FRQGXFWHG� XVLQJ� GU\� PDWHULDO� DFFRUGLQJ� WR� <DQJ� DQG� =KDQJ� ��������
Mycorrhizal synthesis YLD�VSRUH�LQRFXODWLRQ�EHWZHHQ�&��VLFKXDQHQVLV�DQG�WKUHH�QDWLYH�
WUHH�VSHFLHV��3LFHD�OLNLDQJHQVLV��3L��FUDVVLIROLD�DQG�3LQXV�DUPDQGLL�ZDV�FDUULHG�RXW�LQ�D�
JUHHQKRXVH�VWXG\��7RWDO�'1$�ZDV�H[WUDFWHG�IURP�GULHG�DVFRPDWD�DQG�P\FRUUKL]DO�WLSV�
XVLQJ�D�PRGLILHG�&7$%�SURFHGXUH��*DUGHV�DQG�%UXQV��������7KH�,76�UHJLRQ�RI�QXFOHDU�
ULERVRPDO� '1$� �QU'1$�� ZDV� DPSOLILHG� XVLQJ� SULPHUV� ,76�)� DQG� ,76��� 7KH�
SK\ORJHQHWLF� UHODWLRQVKLSV� RI� WD[D� ZHUH� LQIHUUHG� XVLQJ�0D[LPXP� /LNHOLKRRG� �0/��
�6WDPDWDNLV� ������ DQG� %D\HVLDQ� ,QIHUHQFH� �%,�� �5RQTXLVW� DQG� +XHOVHQEHFN� �������
Macro-morphological and anatomical characters of &��VLFKXDQHQVLV mycorrhizae using 
a stereomicroscope (Leica S8AP0, Leica Microsytems, Wetzlar, Germany) and a 
compound light microscope (Leica DM2500, Leica Microsytems, Wetzlar, Germany) 
were identified following the methods of Agerer (2006) and Giraud (1988).  
 
&KDSWHU�ს 
 
Mycorrhizal synthesis YLD� VSRUH� LQRFXODWLRQ� EHWZHHQ� 7XEHU� PHODQRVSRUXP� DQG� VL[�
4XHUFXV� VSHFLHV� ZKLFK� DUH� ZHOO�GHYHORSHG� URRW� V\VWHP� DQG� FDQ� DGDSW� WR� GLIIHUHQW�
KDELWDWV�DQG�DOWLWXGHV�ZDV�FRQGXFWHG�LQ�JUHHQKRXVH��6L[��QLQH��WZHOYH�DQG�WZHQW\�IRXU�
PRQWKV� DIWHU� LQRFXODWLRQ�� DOO� VHHGOLQJV� RI� HDFK� RDN� VSHFLHV� ZHUH� PRQLWRUHG� IRU�
P\FRUUKL]D� IRUPDWLRQ�� 7KH� PDFUR�PRUSKRORJLFDO� DQG� DQDWRPLFDO� FKDUDFWHUV� RI� 7��
PHODQRVSRUXP�HFWRP\FRUUKL]DH�ZHUH�LGHQWLILHG�IROORZLQJ�WKH�PHWKRGV�RI�$JHUHU��������
DQG� *LUDXG� �������� &URVV�� DQG� ORQJLWXGLQDO� VHFWLRQV� ZHUH� PDGH� E\� D� IUHH]LQJ�
PLFURWRPH��/HLFD�&0����6���*HQRPLF�'1$�RI�WKUHH�WR����SRROHG�P\FRUUKL]DO�WLSV�
GLVSOD\LQJ� PRUSKRORJ\� FKDUDFWHULVWLF� RI� 7�� PHODQRVSRUXP� ZHUH� H[WUDFWHG� XVLQJ�
$LGODE��NLW��%HLMLQJ��DQG�,76�UHJLRQ�RI�WKH�ULERVRPDO�'1$�ZDV�DPSOLILHG�IURP�'1$�
H[WUDFWV�XVLQJ�WKH�,76�)�,76��SULPHU�SDLU��7ZR�\HDUV�DIWHU�LQRFXODWLRQ��WKH�HIIHFWV�RI�
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P\FRUUKL]DWLRQ�RQ�SODQW�JURZWK�IRU�4��ORQJLVSLFD��4��PRQJROLFD�DQG�4��VHQHVFHQV�ZHUH�
DQDO\]HG� E\� WKUHH� YDULDEOHV�� FDQRS\� GLDPHWHU�� QXPEHUV� RI� OHDYHV� �ERWK� RQH�
PHDVXUHPHQW�SHU�SRW��DQG�PHDQ� OHDI�GLPHQVLRQ��OHDI� OHQJWK�OHDI�ZLGWK�����ZLWK�RQH�
PHDVXUHPHQW�SHU�OHDI�IRU�HDFK�SRW��  
 
&KDSWHU�ტ 
 
In plantation, sHHGOLQJV¶�KHLJKW�ZDV�PHDVXUHG�HYHU\�VL[�PRQWKV�IURP�1RYHPEHU����� 
to May 2021 and it was recorded every six months (T1~T6). The survive rate of 
seedlings was also recorded one year after planting. In March 2021, five plants of each 
tree species were randomly selected and soil layer was lightly excavated at 0.5 m and 
1.0 m from the trunk to observe mycorrhiza or fine roots. Soil samples, mycorrhizal 
tips and roots were used for Illumina MisSeq sequencing. +HDOWK\�PDWXUH�SLQH�QHHGOHV�
ZHUH� VDPSOHG. TKH� FRQWHQW� RI� FDUERQ� �&��� QLWURJHQ� �1�� DQG� WRWDO� SKRVSKRUXV� �3���
SRWDVVLXP��.���FDOFLXP��&D���LURQ��)H��DQG�PDQJDQHVH��0Q��RI�WKH�GULHG�QHHGOHV�ZHUH�
PHDVXUHG��$�JUHHQKRXVH�ELRDVVD\�H[SHULPHQW�RI�ORFDO�VRLO��Ning et al., 2020) WR�DVVHVV�
WKH�GLYHUJHQW�RI�HFWRP\FRUUKL]DO�IXQJDO�FRPPXQLWLHV�EHWZHHQ�H[RWLF�DQG�QDWLYH�SLQH�
VHHGOLQJV�ZDV�DOVR�FRQGXFWHG��  
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Ethnomycological study on wild mushrooms and ectomycorrhizal 

IXQJL�GLYHUVLW\�LQ�3X¶HU�3UHIHFWXUH��6RXWKZHVW�<XQQDQ��&KLQD  
Ran Wang1, 2, Mariana Herrera3, Wenjun Xu4, Peng Zhang2, -HV~V� 3pUH]�0RUHQR�, 
Carlos Colinas1,6, Fuqiang Yu2* 
 
��'HSDUWPHQW� RI�&URS� DQG�)RUHVW� 6FLHQFH��8QLYHUVLW\� RI�/OHLGD��$Y��$OFDOGH�5RYLUD�5RXUH�� �����
������/OHLGD��6SDLQ�  
�� *HUPSODVP� %DQN� RI�:LOG� 6SHFLHV��<XQQDQ� .H\� /DERUDWRU\� IRU� )XQJDO� 'LYHUVLW\� DQG� *UHHQ�
'HYHORSPHQW�� .XQPLQJ� ,QVWLWXWH� RI� %RWDQ\�� &KLQHVH�$FDGHP\� RI� 6FLHQFHV�� ���� /DQKHL� 5RDG��
.XQPLQJ��<XQQDQ���������3HRSOH¶V�5HSXEOLF�RI�&KLQD�  
��3ODQW�6FLHQFH�DQG�&RQVHUYDWLRQ��&KLFDJR�%RWDQLF�*DUGHQ�������/DNH�&RRN�5RDG��*OHQFRH��,/��
86$ 
��'HSDUWPHQW�RI�$JULFXOWXUH��*UDGXDWH�6FKRRO�RI�6FLHQFH�DQG�7HFKQRORJ\��6KLQVKX�8QLYHUVLW\�������
0LQDPL�PLQRZD��.DPLLQD��1DJDQR��-DSDQ 
�� (GDIRORJtD�� &DPSXV� 0RQWHFLOOR�� &ROHJLR� GH� 3RVWJUDGXDGRV�� NP� ����� FDUU�� 0p[LFR�7H[FRFR��
0RQWHFLOOR��7H[FRFR��HVWDGR�GH�0p[LFR��&3��������0p[LFR 
��)RUHVW�6FLHQFHV�&HQWHU�RI�&DWDORQLD��&7)&���&UWD��6DQW�/ORUHQo�V�Q��6ROVRQD��6SDLQ 
 
0DQXVFULSW�VXEPLWWHG�WR�-RXUQDO�RI�(WKQRELRORJ\�DQG�(WKQRPHGLFLQH 
 
 
 

$EVWUDFW 
%DFNJURXQG��<XQQDQ�LV�ULFK�LQ�IXQJDO�GLYHUVLW\�DQG�FXOWXUDO�GLYHUVLW\��EXW�WKHUH�DUH�IHZ�
UHVHDUFKHV�RQ� HWKQRP\FRORJ\�� ,Q� DGGLWLRQ�� H[WHQVLYH�XWLOL]DWLRQ�RI�ZLOG� HGLEOH� IXQJL�
�:()���HVSHFLDOO\�WKH�HFWRP\FRUUKL]DO�IXQJL��WKUHDWHQV�WKH�IXQJDO�GLYHUVLW\��+HQFH��WKLV�
VWXG\� DLPV� WR� FRQWULEXWH� WR� WKH� HWKQRP\FRORJLFDO� NQRZOHGJH� LQ� 3X¶HU� 3UHIHFWXUH��
<XQQDQ�� &KLQD� LQFOXGLQJ� LQIRUPDWLRQ� RQ� WKH� IXQJDO� WD[D� SUHVHQWHG� LQ� PDUNHWV� DQG�
QDWXUDO�KDELWDWV��ZLWK�HPSKDVLV�LQ�HFWRP\FRUUKL]DO�IXQJL��(0)��� �  
0HWKRGV�� 6HPL�VWUXFWXUHG� LQWHUYLHZV�ZLWK�PXVKURRP� YHQGRUV� LQ� PDUNHWV� DQG�ZLWK�
PXVKURRP�FROOHFWRUV� LQ� QDWXUDO� KDELWDWV�ZDV� FRQGXFWHG�� ,QIRUPDWLRQ� UHODWHG� WR� ORFDO�
QDPHV�� habitat, fruiting time, species identification, price, cooking methods and 
preservation methods of wild edible mushrooms were recorded. Wild edible fungi were 
collected from forests and mRUSKRORJLFDO� DQG� PROHFXODU� WHFKQLTXHV� ZHUH� XVHG� WR�
LGHQWLI\�IXQJDO�VSHFLHV� 
5HVXOWV��$�WRWDO�RI����PDUNHWV�ZHUH�YLVLWHG�GXULQJ�WKLV�VWXG\��7KH�����VSHFLHV�FROOHFWHG�
LQ�WKH�PDUNHWV��EHORQJHG�WR����IDPLOLHV�DQG����JHQHUD��DQG�DERXW�����RI�WKHP�ZHUH�
(0)�� A wealth of ethnomycological knowledge was recorded and we found that 
pDUWLFLSDQWV� LQ� WKH� ��í��� DJH� JURXS� ZHUH� DEOH� WR� MXGJH� PXVKURRP� VSHFLHV� PRUH�
DFFXUDWHO\��$GGLWLRQDOO\��PHQ�XVXDOO\�KDG�D�GHHSHVW�PXVKURRP�NQRZOHGJH�WKDQ�ZRPHQ��
A WRWDO�RI�����VSHFLHV��YDULHWLHV�DQG�XQGHVFULEHG�VSHFLHV�ZHUH�FROOHFWHG�IURP�QDWXUDO�
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KDELWDWV��DQG�DERXW�����RI�WKHP�ZHUH�(0)��0XVKURRP�VSHFLHV�DQG�UHFRUGHG�DPRXQWV�
VKRZHG�FRUUHVSRQGHQFH�EHWZHHQ�PDUNHWV�DQG�WKH�QDWXUDO�KDELWDWV�RQ�GLIIHUHQW�PRQWKV�� �  
&RQFOXVLRQ��7KH�SUHVHQW�VWXG\�VKRZV�WKDW�3X¶HU�3UHIHFWXUH�LV�ULFK�LQ�ORFDO�P\FRORJLFDO�
NQRZOHGJH�DQG�IXQJDO�GLYHUVLW\��+RZHYHU�� LW� LV�QHFHVVDU\�WR�FRQWLQXH�WKH�UHVHDUFK�RI�
HWKQRP\FRORJLFDO�VWXGLHV�DQG�WR�GHVLJQ�DQG�FRQGXFW�GLVVHPLQDWLRQ�RI�ORFDO�NQRZOHGJH�
LQ�RUGHU�WR�SUHVHUYH�LW��VLQFH�LW�FXUUHQWO\�UHPDLQV�PDLQO\�DPRQJ�WKH�HOGHUO\�SRSXODWLRQ��  
.H\�ZRUGV��(WKQRP\FRORJ\��)XQJDO�GLYHUVLW\��3X¶HU��6RXWK�RI�WKH�7URSLF�RI�&DQFHU�  

 

%DFNJURXQG 
:LOG� HGLEOH� IXQJDO� IUXLWLQJ� ERGLHV�� RU� PXVKURRPV�� NQRZQ� DV� ³GHOLFDFLHV� IURP� WKH�
PRXQWDLQV´�� DUH� D� QDWXUDO� IRUHVW� UHVRXUFH�ZLGHO\� DFNQRZOHGJHG� IRU� WKHLU� QXWULWLRQDO��
PHGLFLQDO�� HFRQRPLF�� DQG� FXOWXUDO� YDOXH� >���@�� &KLQD� LV� RQH� RI� WKH�PRVW� LPSRUWDQW�
PXVKURRP� SURGXFHUV� LQ� WKH� ZRUOG� LQ� WHUPV� RI� WKH� WRWDO� YROXPH� RI� WUDGH� DQG�
FRPPHUFLDOL]HG� IXQJDO� VSHFLHV�� 7KH� <XQQDQ� 3URYLQFH� LQ� VRXWKZHVWHUQ� &KLQD�� LQ�
SDUWLFXODU��KDV�DQ�LPSRUWDQW�WUDGLWLRQ�RI�FRQVXPSWLRQ�DQG�PXVKURRP�WUDGH�>�@��,Q�&KLQD�
WKHUH�DUH�DERXW�����VSHFLHV�RI�ZLOG�HGLEOH�IXQJL��:()�������RI�ZKLFK�DUH�SUHVHQW�LQ�
<XQQDQ�DQG�XWLOL]HG�E\�ORFDO�SHRSOH�DV�ERWK�D�VRXUFH�RI�IRRG�DQG�LQFRPH�>�@��0RVW�RI�
WKH�PDLQ�PXVKURRP�PDUNHWV��ZLWK�D�ODUJH�YDULHW\�RI�VSHFLHV��DUH�ORFDWHG�LQ�WKH�FHQWUDO�
UHJLRQV�RI�WKH�SURYLQFH�EHFDXVH�RI�WKH�GHQVH�SRSXODWLRQ��FRQYHQLHQW�WUDQVSRUWDWLRQ�DQG�
KLJK�PDUNHW� GHPDQG��ZKLOH� FRXQWOHVV� VPDOO�PXVKURRP�PDUNHWV�ZLWK� XQLTXH� IXQJDO�
VSHFLHV�DUH�VFDWWHUHG�WKURXJKRXW�<XQQDQ�LQ�PRXQWDLQRXV�DUHDV�ZKLFK�DUH�LQKDELWHG�E\�
D�QXPEHU�RI�HWKQLF�JURXSV� >�@�ZKHUH�JDWKHULQJ�RI�:()�DQG�PXVKURRP�LQGXVWU\�KDV�
EHFRPH�DQ�LPSRUWDQW�WRRO�IRU�SRYHUW\ DOOHYLDWLRQ�>����@��  

7KH�UXUDO�SRSXODWLRQ�RI�<XQQDQ�KDV�D�ZHDOWK�RI�WUDGLWLRQDO�NQRZOHGJH�UHODWHG�WR�
:()�DQG�LV�IDPLOLDU�ZLWK�PDQ\�VSHFLHV�DV�ZHOO�DV�WKHLU�XVHV�DQG�HFRORJ\��7KH�WUDGLWLRQDO�
P\FRORJLFDO� NQRZOHGJH�� JHQHUDOO\� JDWKHUHG� E\� WKH� LQGLJHQRXV� FRPPXQLWLHV� LQ� WKHLU�
ORQJ�LQWHUDFWLRQ�ZLWK�QDWXUH��LV�DQ�LPSRUWDQW�SDUW�RI�KXPDQ�FXOWXUDO�KHULWDJH�>�����@��
(WKQRP\FRORJ\� LV� D� UHODWLYHO\� QHZ� DUHD� RI� UHVHDUFK� WKDW� LQYHVWLJDWHV� WUDGLWLRQDO�
NQRZOHGJH��DV�ZHOO�DV�FXOWXUDO�DQG�HQYLURQPHQWDO�HIIHFWV��RI�WKH�DVVRFLDWLRQ�EHWZHHQ�
KXPDQ� VRFLHWLHV� DQG� IXQJL� >��@��<XQQDQ� LV� WKH� SURYLQFH�ZLWK� WKH� ODUJHVW� QXPEHU� RI�
HWKQLF�JURXSV�LQ�&KLQD��HDFK�PLQRULW\�ZLWK�WKHLU�RZQ�FXOWXUH��ODQJXDJH��KLVWRU\�DQG��RI�
FRXUVH�� GLIIHUHQW� XVHV� IRU� ZLOG� IRUHVW� IXQJL�� %URZQ� >��@� LQYHVWLJDWHG� <L�
HWKQRP\FRORJLFDO�NQRZOHGJH�LQ�IRXU�FRPPXQLWLHV�LQ�1DQKXD�&RXQW\��<XQQDQ�3URYLQFH��
ZKLFK� VKRZHG� WKDW� GRFXPHQWLQJ� HWKQRP\FRORJLFDO� NQRZOHGJH� KLJKOLJKWV� WKH�
LPSRUWDQFH�RI�IXQJL�LQ�ORFDO�HFRV\VWHPV�DQG�OLYHOLKRRGV��(WKQRP\FRORJLFDO�NQRZOHGJH�
LV�D�NH\�WRRO�IRU�IRUHVW�FRQVHUYDWLRQ�WR�SUHGLFW�DQWKURSLF�KDUYHVWLQJ�SUHVVXUH�]RQHV�RI�
:()�DQG�VXSSRUW�WKH�PDQDJHPHQW�DQG�VXVWDLQDEOH�XWLOL]DWLRQ�RI�ZLOG�IXQJL�>��@��)RU�
H[DPSOH��GRFXPHQWLQJ�WKH�IXQJDO�ELRGLYHUVLW\�ZKLFK�KDV�D�ORFDO�XVH��ZRXOG�DOORZ�WR�
GHVLJQ�DQG�LPSOHPHQW�VWUDWHJLHV�WR�FXOWLYDWH�WKH�PRVW�LPSRUWDQW�:()�LQ�VSHFLILF�DUHDV�
DQG� DW� WKH� VDPH� WLPH� WR� LQWHJUDWH� WKLV� FXOWLYDWLRQ� LQWR� SURGXFWLRQ� V\VWHPV� ZKLFK�
FRQWULEXWH� WR� WKH� UHF\FOLQJ� RI� ORFDO� DJULFXOWXUDO�ZDVWHV�� SURYLGLQJ� DW� WKH� VDPH� WLPH�
QXWULWLRXV� DQG� KHDOWK\� IRRG��$GGLWLRQDOO\�� WKH� UHFRUG� RI� WKH� ORFDO� HWKQRP\FRORJLFDO�

javascript:;
javascript:;


 

�� 
 

NQRZOHGJH�ZRXOG� DOORZ� WR� LQFUHDVH� WKH�SURPRWLRQ� RI� UHVSRQVLEOH� XVH� DQG� WR�GHVLJQ�
SUHVHUYDWLRQ�WHFKQLTXHV�IRU�WKH�PRVW�YDOXDEOH�:()��LQ�RUGHU�WR�PDLQWDLQ�WKLV�LPSRUWDQW�
QDWXUDO� UHVRXUFH� DV� D� OLYHOLKRRG� RSSRUWXQLW\� LQ� UXUDO� DUHDV�� $GGLWLRQDOO\�� WKH�
GRFXPHQWDWLRQ�DQG�preservation of traditional mycological knowledge is fundamental 
to avoid poisonings [19]. +RZHYHU�� FRPSDUHG�ZLWK� ORFDO� IRON� NQRZOHGJH� UHODWHG� WR�
SODQWV�DQG�DQLPDOV��HWKQRP\FRORJLFDO�NQRZOHGJH�VWDUWHG�ODWH�DQG�UHPDLQV�VFDUFH�>����
��@� 

7KH� DQQXDO� SURGXFWLRQ�RI�:()� LQ�<XQQDQ� DPRXQWV� WR� DERXW� ������� W� >�@��7KH�
ODUJHVW� PDUNHW� VKDUH� RI� FRPPHUFLDO� IXQJL�� HLWKHU� LQ� WHUPV� RI� PRQHWDU\� YDOXH� RU� RI�
TXDQWLW\��LQFOXGLQJ�WUXIIOHV��7XEHU�LQGLFXP�&RRNH�	�0DVVHH��7XEHU�VLQRDHVWLYXP�-�3��
=KDQJ�	�3�*��/LX���PDWVXWDNH��7ULFKRORPD�PDWVXWDNH��6��,WR�	�6��,PDL��6LQJHU���SRUFLQL�
�%ROHWXV� HGXOLV�%XOO����FKDQWHUHOOHV� �&DQWKDUHOOXV�FLEDULXV�)U���DQG�PLON�DJDULF� �H�J���
/DFWDULXV�GHOLFLRVXV��/���*UD\��/DFWLIOXXV�YROHPXV��)U���.XQW]H���0RVW�RI�KLJK�SULFHG�
:()�DUH�HFWRP\FRUUKL]DO�IXQJL��(0)��ZKLFK�IRUP�D�V\PELRWLF�UHODWLRQVKLS�ZLWK�WUHHV�
DQG� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� HFRV\VWHP� >���� ��@�� :DQJ� DQG� /LX� >�@� VWXGLHG�
V\VWHPDWLFDOO\�WKH�WUDGH�RI�IXQJL�LQ�<XQQDQ�PDUNHWV�DQG�VKRZHG�WKDW�DERXW�������RI�
WKH�:()�VSHFLHV�DUH�(0)��/LPLWHG�E\�FXOWLYDWLRQ�WHFKQLTXHV��PXVKURRPV��HVSHFLDOO\�
RI� (0)� KDYH� EHHQ� DOPRVW� H[FOXVLYHO\� KDUYHVWHG� IURP� WKH� ZLOG� >��@�� 7KHLU� KLJK�
HFRQRPLF�YDOXH�KDV�EHHQ�GULYLQJ�IRUHVW�GHSHQGHQW�FRPPXQLWLHV�WR�FRPSOHWHO\�GHYRWH�
WKHLU�UHVRXUFHV�WR�KXQWLQJ�PXVKURRPV�IRU�LPPHGLDWH�FDVK�WKDQNV�WR�DQ�HQGOHVV�PDUNHW�
GHPDQG� >�����@�� 'LVRUGHUO\� GLJJLQJ� DQG� KXQWLQJ�� KDELWDW� ORVV�� DQG� YHJHWDWLRQ�
GHWHULRUDWLRQ�� KDV� FDXVHG� RYHUH[SORLWDWLRQ� RI� PDQ\� VSHFLHV� DQG� LV� WKUHDWHQLQJ� WKH�
VXUYLYDO�RI�IXQJDO�SRSXODWLRQV�DQG�WKH�IRUHVWV�WKDW�VXSSRUW�WKHP�>�����@��$�VXUYH\�RI�
PXVKURRP�PDUNHWV� DQG� QDWXUDO� KDELWDWV� LQ�<XQQDQ�� WR D ODUJH H[WHQW��ZLOO� UHYHDO� WKH�
SUREOHPV�RI�GHYHORSPHQW�DQG�XWLOL]DWLRQ�RI�:()�>�����@� 

%DVHG� RQ� WKLV� VFHQDULR�� LQ� WKH� SUHVHQW� UHVHDUFK� ZH� VWXGLHG� WKH� DUHDV� LQ� 3X¶HU�
3UHIHFWXUH�LQ�WKH�VRXWKHUQ�SDUW�RI�<XQQDQ�SURYLQFH�ZKLFK�KDV�WKH�KLJKHVW�GLYHUVLW\�RI�
ERWK�FXOWXUHV�DQG�IXQJL��<X�HW�DO��>��@�VWXGLHG�WKH�VSHFLHV�GLYHUVLW\��XVH��DQG�WKUHDWHQHG�
VWDWXV� RI� :()� LQ� WZR� FRXQWLHV� RI� 3X¶HU� 3UHIHFWXUH� DQG� IRXQG� WKDW� ODUJH�VFDOH�
FRPPHUFLDO�KDUYHVWLQJ�KDG�OHG�WR�WKH�GHFOLQH�RI�PXVKURRP�SURGXFWLRQ��3X¶HU�3UHIHFWXUH�
KDV�DQ�DUHD�RI��������NPð�DQG�LWV�SRSXODWLRQ�LV�����PLOOLRQ��,W�LV�ORFDWHG�LQ�VRXWKZHVW�
<XQQDQ� DQG� ERUGHUHG� E\�0\DQPDU�� /DRV� DQG�9LHWQDP��7KH�7URSLF� RI� &DQFHU� UXQV�
WKURXJK�WKH�PLGGOH�RI�3X¶HU��,W�JHQHUDOO\�EHORQJV�WR�VXEWURSLFDO�PRQVRRQ�FOLPDWH�ZLWK�
ORZHU�DOWLWXGH��GLYHUVH�WRSRJUDSK\��ULFK�IRUHVW�UHVRXUFHV�DQG�XQLTXH�HWKQLF�JURXSV��OLNH�
+DQL��/DKX��:D�RU�'DL� 

In this study, we aimed (1) to gather ethnomycological knowledge regarding the 
fungal species used by ethnic groups in Pu¶er������to update the knowledge about fungal 
species sold in Pu¶er markets, especially ectomycorrhizal species������to document the 
fungal diversity inhabiting Pu¶er forests through natural habitats sampling��DQG� ���� to 
identify the fungal species (sold in markets and collected in the natural habitats) using 
taxonomical and molecular approaches. 
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6WXG\�DUHD 
3X¶HU Prefecture, with a total area of 45,385 square kilometers is the largest prefecture 
in Yunnan Province. It is located between 22°02' N~24°50' N and 99°09' E~102°19' E, 
DQG�WKH�7URSLF�RI�&DQFHU�UXQV�DFURVV�WKH�PLGGOH�RI�WKH�SUHIHFWXUH��$ERXW�������RI�3X¶HU 
is forested where the main type of vegetation is broad-leaved forest, mixed forest (Alnus, 
Castanopsis, Olea, Pinus, Quercus) and Pinus IRUHVWV� >��@��3X¶HU is one of the most 
culturally diverse prefectures, with fourteen ethnic groups inhabiting this area. Our 
investigation was carried out in five nationality autonomous counties (Lancang Lahu, 
0HQJOLDQ� 'DL� /DKX� :D�� 0RMLDQJ� +DQL�� 1LQJ¶HU� +DQL� <L�� ;LPHQJ� :D) and one 
KRPRQ\PRXV�PXQLFLSDOLW\��3X¶HU��)LJXUH�����DOO�ORFDWHG�VRXWK�RI�WKH�7URSLF�RI�&DQFHU� 
 

 
)LJ����/RFDWLRQ�RI�VWXG\�VLWHV�LQ�VL[�FRXQWLHV��3X¶HU�3UHIHFWXUH��<XQQDQ�3URYLQFH��6RXWKZHVW�&KLQD��
�D��&KLQD���E��<XQQDQ�3URYLQFH���F��3X¶HU�3UHIHFWXUH� 
 
Ethnomycological survey 
Semi-structured interviews were carried during the mushroom season (July to October) 
in three consecutive years (2019 to 2021) in established mushroom markets, mobile 
markets and street-stalls beside county highways or village roads (Figure 2, Table 1). 
7KH�QXPEHU�DQG�WKH�PDOHíIHPDOH�UDWLR�RI�YHQGRUV�LQ�PDUNHWV��WKH�NQRZOHGJH��DWWLWXGH��
DQG�SUDFWLFH�RI�KXPDQíPXVKURRP�LQWHUDFWLRQ�LQFOXGLQJ�WKH�ORFDO�QDPHV�RI�PXVKURRPV�
and their local uses (medicine, food, etc.), habitat, seasonality of species, marketability, 
form of mushrooms used (fresh/dried), methods of preparation for food, and 
preservation (storage) were also recorded. For illiterate vendors, interviews were 
carried out mainly in Mandarin Chinese, although local languages were also used with 
assistance from local guides. 
'LYHUVLW\�RI�ZLOG�HGLEOH�IXQJL�LQ�IRUHVWV 
In order to record the vegetation types associated with the fungal species sold in the 
markets and to investigate the presence of additional edible fungal species different 
than those recorded in the markets, WEF were collected from forests nearby the studied 
PDUNHWV�LQ�3X¶HU�SUHIHFWXUH��7KH�IRUHVW�DUHDV�ZHUH�VHOHFWHG�DFFRUGLQJ�WR�WKH�LQIRUPDWLRQ�
provided by some collectors previously interviewed in the markets. Forests nearby 
visited markets, reforested areas and a national nature reserve (Table 2)� ZHUH�
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LQYHVWLJDWHG��Field work was conducted during the same season as the interviews were 
carried out using WKH� UDQGRP� OLQH� WUDQVHFW� PHWKRG� >��@�� ,Q� RUGHU� WR� JDWKHU� PRUH�
HWKQRP\FRORJLFDO�LQIRUPDWLRQ�UHJDUGLQJ�:()��SDUWLFLSDQW�REVHUYDWLRQ�ZDV�SHUIRUPHG�
LQ�VRPH�IRUHVW�DUHDV��:H�MRLQHG�VRPH�FROOHFWRUV�LQ�WKHLU�GDLO\�URXWLQH�RI�FROOHFWLQJ�:()��
:KLOH�ZDONLQJ�ZLWK� WKHP�ZH� UHFRUGHG� VRPH� ORFDO� QDPHV� RI� WKH�PXVKURRPV�� KRXUV�
LQYHVWHG�LQ�WKLV�DFWLYLW\��W\SHV�RI�FROOHFWRUV��DQG�KDELWDW�HFRORJLFDO�LQIRUPDWLRQ� 
 

 
)LJ����6DPSOHG�PDUNHWV��7ZR�ELJ�PDUNHWV���DíF��:X\L�0DUNHW��3X¶HU�0XQLFLSDOLW\���G��H��/DQFDQJ�
6WUHHW� 0DUNHW�� /DQFDQJ� &RXQW\�� �IíL�� 6RPH� VPDOO� PDUNHWV� LQ� 0RMLDQJ�� 1LQJ¶HU�� ;LPHQJ� DQG�
0HQJOLDQ�FRXQWLHV� 

 
Table 1 The timetable of selling mushrooms, minority and the average number of vendors with different gender in markets in three 
years 

0DUNHWV¶�QDPH 7\SH�RI�

PDUNHW� 

%XVLQHVV�

+RXUV 

(WKQLF�JURXSV -XO\ $XJXVW 6HSWHPEHU 2FWREHU 

)HPDOH 0DOH )HPDOH 0DOH )HPDOH 0DOH )HPDOH 0DOH 

:X\L��3X¶HU�PDUNHW (0 ��S�Pí��S�P +DQL��<L��/DKX �� �� ��� �� ��� �� �� � 

/DQFDQJ�VWUHHW 

 

(0 

 

��D�Pí���

S�P 

RQ�6XQGD\ 

/DKX��+DQL��<L �� �� �� �� ��� �� �� �� 

0RQMLDQJ�PDUNHW (0 ��S�Pí��S�P +DQL��<L �� � �� �� �� � � � 

1LQJ¶HU�PDUNHW 00 ��S�Pí��S�P <L��+DQL �� � �� �� �� �� �� �� 

0HQJOLDQ�PDUNHW 00 ��D�Pí���

D�P 

HYHU\�ILYH�

GD\V 

/DKX��'DL��:D � � � � �� � �� � 

;LPHQJ�PDUNHW 00 ��S�Pí��S�P :D��/DKX��'DL � � � � �� � �� � 

1R�QDPH 66� �SPí��S�P î î î î î î î î î 
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1RWH����7\SH�RI�PDUNHWV��(0�LV�HVWDEOLVKHG�PDUNHW��00�LV�PRELOH�PDUNHW��66�LV�VWUHHW�VWDOO� 
��6WUHHW�VWDOOV�EHVLGH�FRXQW\�KLJKZD\V�RU�YLOODJH�URDGV��:H�RQO\�UHFRUGHG�LQIRUPDWLRQ�DERXW�EXVLQHVV�WLPH�EHFDXVH�RI�VWURQJ�PRELOLW\� 

 
7DEOH���'HVFULSWLRQ�RI�WKH�VDPSOLQJ�VLWHV�LQ�QDWXUDO�KDELWDWV� 

Location Altitude (m) Locality Forest type Habitat 

3X¶HU�

Municipality 

1450 22°49'13" N, 101°00'12" Forests nearby markets Pure pine forests (Pinus kesiya) 

1608 22°60'38''N, 101°09'65''E The Sun River National 

Forest Park 

Mixed forests (Pinus, Quercus, 

Castanopsis, Olea) 

Mojiang County 1595 23°22'48.85"N, 101°41'0.69"E Forests nearby markets Mixed forests (Pinus, Quercus) 

1627 23°44'43.00"N, 101°12'36.1"E Ecological forest (Kuaifa 

village) 

Pure pine forests (P. kesiya) 

1LQJ¶HU�&RXQW\ 1437 23°0'11.35"N, 100°59'47.6"E Forests nearby markets Mixed forests (Pinus, Quercus) 

1537 22'59'50.84"N, 101°0'19.18"E Ecological forest 

(Hualiang village) 

Pure pine forests (P. kesiya) 

Lancang County 1350 22°19'51''N, 100°00'34''E Forests nearby markets Mixed forests (Quercus, Alnus, Pinus) 

1490 22°35'02''N, 99°58'44''E Forests nearby markets Mixed forests (Quercus, Pinus) 

Ximeng County 1128 22°37'14.06"N, 99°35'53.98"E Forests nearby markets Mixed forests (Quercus, Alnus, Pinus) 

1497 22°36'10.53"N, 99°35'0.02"E Forests nearby markets Mixed forests (Quercus, Alnus, Pinus) 

Menglian County 1250 22°16'21.99"N, 99°16'30.06"E Forests nearby markets Mixed forests (Quercus, Alnus, Pinus) 

1380 22°16'46.11"N, 99°16'27.97"E Forests nearby markets Mixed forests (Quercus, Alnus, Pinus) 

 
0RUSKRORJLFDO�VWXG\ 
&ROOHFWLRQV�SXUFKDVHG�IURP�PDUNHWV�DQG�FROOHFWHG�IURP�QDWXUDO�KDELWDWV�ZHUH�LGHQWLILHG�
WKURXJK�WD[RQRPLFDO�DQG�PROHFXODU�VWXGLHV��Morpho-anatomical descriptions based on 
fresh samples were obtained following Largent [36]. A small sample of tissue, mostly 
h\PHQRSKRUH��ZDV�VWRUHG�LQ�VLOLFD�JHO�DQG�RU�IUR]HQ�LQ�(SSHQGRUI¶V�WXEHV�DQG�VWRUHG�DW�
í����&�WR�EH�XVHG�ODWHU�IRU�PROHFXODU�DQDO\VHV��7KHQ��DOO�WKH�VDPSOHV�ZHUH�dried in a 
hot air dehydrator at 45 °C for further analyses.�$OO�FROOHFWLRQV�ZHUH�GHSRVLWHG�LQ�WKH�
Herbarium of Cryptogams, Kunming Institute of Botany, Chinese Academy of Sciences 
(HKAS). Microscopic characteristics were described from fresh specimens. Dried 
samples were sectioned with a razor blade by hand, mounted in 5% KOH solution, and 
then staLQHG�ZLWK�0HO]HU¶V� UHDJHQW��7KH�VHFWLRQV�ZHUH�H[DPLQHG�XQGHU�D� FRPSRXQG�
light microscope (Leica DM2500). 
DNA extraction, PCR amplification and sequencing 
'1$�RI�VDPSOHV�ZDV�H[WUDFWHG�XVLQJ�DQ�$LGODE��NLW��%HLMLQJ���7KH�LQWHUQDO�WUDQVFULEHG�
VSDFHU��,76��UHJLRQ�RI�WKH�ULERVRPDO�'1$�ZDV�DPSOLILHG�IURP�'1$�H[WUDFWV�XVLQJ�WKH�
,76�)�,76��SULPHU�SDLU�>������@��7R�DPSOLI\�WKH�ULERVRPDO�ODUJH�VXEXQLW��/68���WKH�
SULPHU� FRPELQDWLRQ� RI� /525� DQG� /5�� >��@� ZDV� XVHG�� (DFK� ��� ȝ/� 3&5� PL[WXUH�
FRQVLVWHG�RI�����ȝ/����î�3&5�EXIIHU��0J���������ȝ/�G173V����P0�����ȝ/�%6$���������
��ȝ/�HDFK�SULPHU����ȝ0�����ȝ/���íIROG�GLOXWHG�'1$�H[WUDFWV��REWDLQHG�IROORZLQJ�WKH�
PDQXIDFWXUHU¶V�LQVWUXFWLRQV�������ȝ/�0J&O������P0���DQG�����8�7DT�'1$�SRO\PHUDVH�
�7DNDUD�� 7DNDUD� %LRWHFKQRORJ\�� 'DOLDQ� &R�� /WG�� &KLQD��� 7KH� DPSOLILFDWLRQV� ZHUH�
SHUIRUPHG�ZLWK�WKH�IROORZLQJ�F\FOLQJ�SDUDPHWHUV�IRU�,76������&�IRU���PLQ��IROORZHG�E\�
���F\FOHV�RI�����&�IRU���PLQ������&�IRU���PLQ��DQG�����&�IRU���PLQ��DQG�ZLWK�D�ILQDO�
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H[WHQVLRQ�DW�����&�IRU����PLQ��7KH�DPSOLILFDWLRQV�ZHUH�SHUIRUPHG�ZLWK�WKH�IROORZLQJ�
F\FOLQJ�SDUDPHWHUV�IRU�/68������&�IRU���PLQ��IROORZHG�E\����F\FOHV�RI�����&�IRU���PLQ��
����&�IRU�����PLQ��DQG�����&�IRU���PLQ��DQG�ZLWK�D�ILQDO�H[WHQVLRQ�DW�����&�IRU����PLQ��
7KUHH�PLFUROLWHUV�RI�HDFK�3&5�SURGXFW�ZHUH�UXQ�RQ�����Z�Y��DJDURVH�JHOV�DQG�VWDLQHG�
ZLWK�HWKLGLXP�EURPLGH��7KH�3&5�SURGXFWV�ZHUH�SXULILHG�DQG�VHTXHQFHG�IRUZDUG�DQG�
UHYHUVH� VHTXHQFHV� DW� 7VLQJ.H� %LRORJLFDO� 7HFKQRORJ\�� .XQPLQJ�� &KLQD�� XVLQJ�
,76�)�,76�� DQG� /525�/5�� SULPHU� SDLUV�� 6HTXHQFHV� ZHUH� HGLWHG� PDQXDOO\� XVLQJ�
6HTXHQFKHU���������*HQH�&RGHV��86$��DQG�TXHULHG�DJDLQVW�WKH�1&%,�SXEOLF�GDWDEDVH�
*HQ%DQN�ZLWK�WKH�%/$67Q�DOJRULWKP�IRU�LGHQWLILFDWLRQ��6HTXHQFHV�JHQHUDWHG�LQ�WKLV�
VWXG\�ZHUH�GHSRVLWHG�LQ�*HQ%DQN� 
 

5HVXOWV�  
'LYHUVLW\�RI�ZLOG�PXVKURRPV�LQ�PDUNHWV�DQG�LQ�WKH�QDWXUDO�KDELWDWV�  
8SGDWH�DQG�VXSSOHPHQW�RI�PXVKURRP�VSHFLHV 
$�WRWDO�RI������+.$6�������í�+.$6���������VDPSOHV�ZHUH�REWDLQHG�DQG�LGHQWLILHG��
)URP�WKRVH������ZHUH�FROOHFWHG�IURP�PDUNHWV�DQG�����IURP�WKH�QDWXUDO�KDELWDWV��$�WRWDO�
RI� ���� ZLOG� PXVKURRP� VSHFLHV�� YDULHWLHV� DQG� VRPH� XQGHVFULEHG� VSHFLHV� ZKLFK� DUH�
FXUUHQWO\�XQGHU�WD[RQRPLF�VWXG\�DORQJ�ZLWK�HWKQRP\FRORJLFDO�FDWDORJ�LQIRUPDWLRQ�VXFK�
DV�VFLHQWLILF�QDPHV��IDPLO\�QDPHV��HFRORJ\�DQG�HGLELOLW\�ZHUH�UHFRUGHG��7DEOH�����ZKLOH�
����,76�VHTXHQFHV�ZHUH�GHSRVLWHG�LQ�*HQ%DQN��(GLELOLW\� LQIRUPDWLRQ�RI�PRVW�RI�WKH�
PXVKURRPV� ZDV� JDWKHUHG� GLUHFWO\� IURP� VHOOHUV� DQG� FRQILUPHG� E\� WD[RQRPLVWV��
SURIHVVLRQDO�DWODVHV�>�����@�DQG�VSHFLDOL]HG�OLWHUDWXUH��7KH�����UHFRUGHG�VSHFLHV�EHORQJ�
WR����IDPLOLHV�DQG�����JHQHUD��$SSUR[LPDWHO\�����RI�WKH�VSHFLHV�DUH�HFWRP\FRUUKL]DO��
$PRQJ�RI�WKHP��WKH�����VSHFLHV�FROOHFWHG�LQ�WKH�PDUNHWV��EHORQJ�WR����IDPLOLHV�DQG����
JHQHUD�� DQG� DERXW� ���� RI� WKHP� DUH� (0)��7KH� ���� VSHFLHV� FROOHFWHG� LQ� WKH� QDWXUDO�
KDELWDWV��EHORQJ�WR����IDPLOLHV�DQG�����JHQHUD��DQG�DERXW�����DUH�(0)��  
 

7DEOH���List of the mushroom species observed and acquired in the 3 years of the study at the markets and forests. 
6FLHQWLILF�QDPH )DPLO\�QDPH 0DUNHW 1DWXUDO�

KDELWDW 

(&0 (GLEOH�SDUW 9RXFKHU�1R� 

Abortiporus biennis (Bull.) 

Singer 

3RGRVF\SKDFHDH ¥   ,QHGLEOH�� ZRRG�GHFD\�

IXQJXV 

+.$6������� 

Acervus globulosus Ekanayaka, 

Q. Zhao & K.D. Hyde 

3\URQHPDWDFHDH  ¥  ,QHGLEOH��WRR�WLQ\ +.$6������� 

Agaricus heterocystis Heinem. 

& Gooss.-Font. 

$JDULFDFHDH  ¥  (GLEOH +.$6������� 

Agaricus luteofibrillosus M.Q. 

He, Linda J. Chen & R.L. Zhao 

$JDULFDFHDH  ¥  (GLEOH +.$6������� 

Agaricus sp. $JDULFDFHDH  ¥  8QNQRZQ +.$6������� 

$OEDWUHOOXV�VS� $OEDWUHOODFHDH  ¥ ¥ (GLEOH +.$6������� 

$PDQLWD�DOELGRVWLSHV�<�<��&XL��

4��&DL�	�=KX�/��<DQJ 

$PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

$PDQLWD�DQJXVWLODPHOOD��+|KQ��� $PDQLWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 
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%RHGLMQ 

$PDQLWD�FDRML]RQJ�=KX�/��

<DQJ��<�<��&XL�	�4��&DL�  

$PDQLWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

Amanita cf. griseofarinosa $PDQLWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

$PDQLWD�FLWULQRDQQXODWD�<�<��

&XL��4��&DL�	�=KX�/��<DQJ 

$PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

$PDQLWD�HODWD��0DVVHH��&RUQHU�

	�%DV 

$PDQLWDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

$PDQLWD�HVFXOHQWD�+RQJR�	�,��

0DWVXGD 

$PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

Amanita eijii Zhu L. Yang  $PDQLWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

$PDQLWD�IULWLOODULD��6DFF���6DFF� $PDQLWDFHDH 
 ¥ ¥ 7R[LF +.$6������� 

Amanita griseofolia Zhu L. 

Yang 

$PDQLWDFHDH  ¥ ¥ (GLEOH +.$6������� 

Amanita levistriata D.T. 

Jenkins 

$PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

Amanita princeps D.T. Jenkins $PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

$PDQLWD�SVHXGRSRUSK\ULD�

+RQJR 

$PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

$PDQLWD�SVHXGRYDJLQDWD�+RQJR $PDQLWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

$PDQLWD�UXEHVFHQV�3HUV� $PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

Amanita rubromarginata Har. 

Takah. Zhu L. Yang 

$PDQLWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

Amanita rubrovolvata S. Imai $PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

$PDQLWD�UXIRIHUUXJLQHD�+RQJR $PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

$PDQLWD�VLQHQVLV�Zhu L. Yang $PDQLWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

Amanita spissacea S. Imai $PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

Amanita subglobosa Zhu L. 

Yang 

$PDQLWDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

Amanita subhemibapha Zhu L. 

Yang, Y.Y. Cui & Q. Cai 

$PDQLWDFHDH  ¥ ¥ (GLEOH +.$6������� 

Amanita sychnopyramis Corner 

& Bas 

$PDQLWDFHDH  ¥ ¥ 7R[LF +.$6������� 

$PDQLWD�YLUJLQHRLGHV�%DV $PDQLWDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

Amanita yuaniana =KX�/��<DQJ $PDQLWDFHDH  ¥ ¥ (GLEOH +.$6������� 

$PDQLWD�]RQDWD�<�<��&XL��4LQJ�

&DL�	�=KX�/��<DQJ 

$PDQLWDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

$PDXURGHUPD�UXJRVXP��%OXPH�

	�7��1HHV��7RUUHQG 

*DQRGHUPDWDFHDH ¥ ¥  0HGLFLQDO +.$6������� 

Anamika angustilamellata Zhu 

L. Yang & Z.W. Ge 

+\PHQRJDVWUDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

$VWHURSKRUD�O\FRSHUGRLGHV�

�%XOO���'LWPDU 

/\RSK\OODFHDH  ¥  8QNQRZQ +.$6������� 

$XUHREROHWXV�PLUDELOLV��0XUULOO�� %ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 
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+DOOLQJ 

$XULFXODULD�GHOLFDWD��0RQW��H[�

)U���+HQQ 

$XULFXODULDFHDH ¥ ¥  (GLEOH +.$6������� 

$XULFXODULD�IXVFRVXFFLQHD�

�0RQW���+HQQ 

$XULFXODULDFHDH ¥   (GLEOH +.$6������� 

%ODVWRVSRUHOOD�]RQDWD�7�-��

%DURQL�	�)UDQFR�0RO� 

/\RSK\OODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

%ROHWHOOXV�LQGLVWLQFWXV�*��:X��

)DQJ�/L�	�=KX�/��<DQJ 

%ROHWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

%ROHWXV�VS�� %ROHWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

%ROHWXV�VS�� %ROHWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

%ROHWXV�VS�� %ROHWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

%ROHWXV�DHUHXV�%XOO� %ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

%ROHWXV�DXULSHV�3HFN %ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

%ROHWXV�EDLQLXJDQ�'HQWLQJHU %ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

%ROHWXV�PRQLOLIHU�%��)HQJ��<�<��

&XL��-�3��;X�	�=KX�/��<DQJ 

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

%ROHWXV�UHWLFXODWXV�6FKDHII� %ROHWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

%ROHWXV�VXEYHOXWLSHV�3HFN %ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

%ROHWXV�YLRODFHRIXVFXV�:�)��

&KLX 

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

%RQGDU]HZLD�EHUNHOH\L��)U���

%RQGDUWVHY�	�6LQJHU 

%RQGDU]HZLDFHDH  ¥  8QNQRZQ +.$6������� 

%XW\ULEROHWXV�SHFNLL��)URVW��

.XDQ�=KDR�	�=KX�/��<DQJ 

%ROHWDFHDH ¥  ¥ (GLEOH��EXW�VRXU�RU�ELWWHU +.$6������� 

%XW\ULEROHWXV�KXDQJQLDQODLL�
1�.��=HQJ��+��&KDL�	�=KL�4��

/LDQJ�  

%ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

&DOREROHWXV�\XQQDQHQVLV�.XDQ�

=KDR�	�=KX�/��<DQJ�  

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�DOERYHQRVXV�

%X\FN��$QWRQtQ�	�5\RR 

+\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�DPHWK\VWHXV�

�4XpO���6DFF 

+\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�DSSDODFKLHQVLV�

5�+��3HWHUVHQ 

+\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�FLEDULXV�)U� +\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�FLQQDEDULQXV�

�6FKZHLQ���6FKZHLQ 

+\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�VS�� +\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�VS�� +\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�WDEHUQHQVLV�)HLE��

	�&LEXOD 

+\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&DQWKDUHOOXV�\XQQDQHQVLV�:�)�� +\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 
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&KLX�  

&DQWKDUHOOXV�YDJLQDWXV�6�&��

6KDR��;�)��7LDQ�	�3�*��/LX 

+\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&HULSRULRSVLV�VHPLVXSLQD�&�/��

=KDR��%�.��&XL�	�<�&��'DL�  

0HUXOLDFHDH  ¥  8QNQRZQ +.$6������� 

&HUUHQD�]RQDWD��%HUN���

+�6�<XDQ 

&HUUHQDFHDH  ¥  8QNQRZQ +.$6������� 

&ODUNHLQGD�WUDFKRGHV��%HUN���

6LQJHU 

$JDULFDFHDH  ¥  7R[LF +.$6������� 

&ODYDULD�]ROOLQJHUL�/pY� &ODYDULDFHDH  ¥  ,QHGLEOH��FRQWDLQV�OHFWLQ +.$6������� 

&ODYXOLQD�DOSLQD�)UDQFKL�	�0��

0DUFKHWWL 

+\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&ODYXOLQD�FULVWDWD��+ROPVN���-��

6FKU|W� 

+\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&ODYXOLQD�IODYD��+ROPVN���-��

6FKU|W� 

+\GQDFHDH  ¥ ¥ 0D\EH�HGLEOH +.$6������� 

&ODYXOLQD�UXJRVD��%XOO���-��

6FKU|W� 

+\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&ODYXOLQD�VS� +\GQDFHDH  ¥ ¥ 0D\EH�HGLEOH +.$6������� 

&ODYXOLQRSVLV�IXVLIRUPLV�

�6RZHUE\��&RUQHU 

&ODYDULDFHDH  ¥  (GLEOH +.$6������� 

&OLWRSLOXV�FKDO\EHVFHQV�7�-��

%DURQL�	�'HVMDUGLQ 

(QWRORPDWDFHDH  ¥  8QNQRZQ +.$6������� 

&OLWRSLOXV�VLQRDSDOXV�6�3��-LDQ�

	�=KX�/��<DQJ 

(QWRORPDWDFHDH  ¥  8QNQRZQ +.$6������� 

&OLWRSLOXV�VS� (QWRORPDWDFHDH  ¥  8QNQRZQ +.$6������� 

&ROO\ELRSVLV�ILEURVLSHV��%HUN��	�

0�$��&XUWLV��5�+��3HWHUVHQ 

0DUDVPLDFHDH  ¥  8QNQRZQ +.$6������� 

&ROWULFLD�FUDVVD�<�&��'DL 0DUDVPLDFHDH  ¥  ,QHGLEOH��GU\�DQG�WRXJK +.$6������� 

&ROWULFLD�ZHLL�<�&��'DL +\PHQRFKDHWDFHDH  ¥ ¥ ,QHGLEOH��GU\�DQG�WRXJK +.$6������� 

&RUG\FHSV�PLOLWDULV��/���)U� &RUG\FLSLWDFHDH  ¥  0HGLFLQDO +.$6������� 

&RUG\FHSV�QXWDQV�3DW� &RUG\FLSLWDFHDH  ¥  0HGLFLQDO +.$6������� 

&RUWLQDULXV�DII��WRUYXV &RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�DOERF\DQHXV�)U� &RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�DOSLQXV�%RXG� &RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�ERXOGHUHQVLV�$�+��

6P� 

&RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�FDHVLLIROLXV�$�+��

6P� 

&RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�FRWRQHXV�)U� &RUWLQDULDFHDH  ¥ ¥ (GLEOH +.$6������� 

&RUWLQDULXV�FURFHXV��6FKDHII���

*UD\ 

&RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�IXOYR�RFKUDVFHQV�

5RE��+HQU\ 

&RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 



 

�� 
 

&RUWLQDULXV�SLFRLGHV�6RRS� &RUWLQDULDFHDH  ¥ ¥ (GLEOH +.$6������� 

&RUWLQDULXV�SXUSXUDVFHQV�)U� &RUWLQDULDFHDH  ¥ ¥ (GLEOH +.$6������� 

&RUWLQDULXV�VS� &RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�WHQXLSHV��+RQJR��

+RQJR�  

&RUWLQDULDFHDH ¥  ¥ (GLEOH +.$6������� 

&RUWLQDULXV�WULYLDOLV�-�(��/DQJH &RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�YDOJXV�)U� &RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&RUWLQDULXV�YLQDFHREUXQQHXV�

$PPLUDWL��%HXJ��/LLPDW���

1LVNDQHQ�	�2��&HVND 

&RUWLQDULDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

&UDWHUHOOXV�DXUHXV�%HUN��	�

0�$��&XUWLV 

+\GQDFHDH ¥  ¥ (GLEOH +.$6������� 

&UDWHUHOOXV�FRUQXFRSLRLGHV��/���

3HUV� 

+\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&UDWHUHOOXV�OXWHXV�7�+��/L�	�

;�5��=KRQJ 

+\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&UDWHUHOOXV�SDUYRJULVHXV�8��

6LQJK��.��'DV�	�%X\FN�  

+\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&UDWHUHOOXV�VS� +\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&UDWHUHOOXV�WXEDHIRUPLV��)U���

4XpO� 

+\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

&URFLQREROHWXV�ODHWLVVLPXV�

�+RQJR��1�.��=HQJ��=KX�/��

<DQJ�	�*��:X 

%ROHWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&URFLQREROHWXV�VS� %ROHWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

&\SWRWUDPD�DVSUDWD��%HUN���

5HGKHDG�	�*LQQV 

3K\VDODFULDFHDH  ¥  8QNQRZQ +.$6������� 

(QWRF\EH�WUDFK\RVSRUD�

�/DUJHQW��/DUJHQW��7�-��%DURQL�

	�9��+RIVW� 

(QWRORPDWDFHDH  ¥  0D\EH�WR[LF +.$6������� 

(QWRORPD�RPLHQVH��+RQJR��(��

+RUDN 

(QWRORPDWDFHDH  ¥  7R[LF +.$6������� 

(QWRORPD�SHWFKLL�(��+RUDN (QWRORPDWDFHDH  ¥  0D\EH�WR[LF +.$6������� 

(QWRORPD�SUDHJUDFLOH�;LDR�/��

+H�	�7�+��/L 

(QWRORPDWDFHDH  ¥  0D\EH�WR[LF +.$6������� 

(QWRORPD�VXEVLQXDWXP�0XUULOO (QWRORPDWDFHDH  ¥  0D\EH�WR[LF +.$6������� 

(QWRORPD�VS� (QWRORPDWDFHDH  ¥  8QNQRZQ +.$6������� 

)LVWXOLQD�KHSDWLFD��6FKDHII���

:LWK� 

)LVWXOLQDFHDH  ¥  (GLEOH�� EXW� DFLGLF� DQG�

VOLJKWO\�ELWWHU 

+.$6������� 

)LVWXOLQD�VS� )LVWXOLQDFHDH  ¥  8QNQRZQ +.$6������� 

)LVWXOLQD�VXEKHSDWLFD�%�.��&XL�

	�-��6RQJ 

)LVWXOLQDFHDH  ¥  8QNQRZQ +.$6������� 

)RPLWRSVLV�SLQLFROD��6Z���3��

.DUVW� 

)RPLWRSVLGDFHDH  ¥  0HGLFLQDO +.$6������� 
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*DQRGHUPD�OLQJ]KL�6KHQJ�+��

:X��<��&DR�	�<�&��'DL 

3RO\SRUDFHDH ¥ ¥  0HGLFLQDO +.$6������� 

*HDVWUXP�YHOXWLQXP�0RUJDQ *HDVWUDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

*HUURQHPD�[DQWKRSK\OOXP�

�%UHV���1RUYHOO��5HGKHDG�	�

$PPLUDWL 

0DUDVPLDFHDH  ¥  8QNQRZQ +.$6������� 

*ORHRSK\OOXP�VHSLDULXP�

�:XOIHQ��3��.DUVW� 

*ORHRSK\OODFHDH  ¥  0HGLFLQDO +.$6������� 

*RPSKXV�RULHQWDOLV�5�+��
3HWHUVHQ�	�0��=DQJ 

*RPSKDFHDH ¥  ¥ (GLEOH +.$6������� 

*\PQRSLOXV�SHQHWUDQV��)U���

0XUULOO 

+\PHQRJDVWUDFHDH  ¥  7R[LF +.$6������� 

*\PQRSXV�GU\RSKLOXV��%XOO���

0XUULOO 

2PSKDORWDFHDH  ¥  (GLEOH�� EXW� QRW� ZRUWKZKLOH�

EHFDXVH� RI� WKLQ� IOHVK� DQG�

WRXJK�VWHP�  

+.$6������� 

*\PQRSXV�VXEQXGXV��(OOLV�H[�

3HFN��+DOOLQJ 

2PSKDORWDFHDH  ¥  8QNQRZQ +.$6������� 

*\URGRQ�VS� 3D[LOODFHDH  ¥  8QNQRZQ +.$6������� 

*\URSRUXV�ORQJLF\VWLGLDWXV�

1DJDV��	�+RQJR 

*\URSRUDFHDH  ¥  (GLEOH +.$6������� 

+DUU\D�FKURPLSHV��)URVW��

+DOOLQJ��1XKQ��2VPXQGVRQ�	�

0DQIU��%LQGHU 

%ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

+HEHORPD�DQJXVWLODPHOODWXP�

�=KX�/��<DQJ�	�=�:��*H��%�-��

5HHV 

+\PHQRJDVWUDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

+HEHORPD�FUXVWXOLQLIRUPH�

�%XOO���4XpO� 

+\PHQRJDVWUDFHDH  ¥ ¥ 7R[LF +.$6������� 

+HEHORPD�SDUYLVSRUXP�6SDUUH�

3HGHUVHQ��/ VV¡H��%HNHU�	�8��

(EHUK� 

+\PHQRJDVWUDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

+HLPLRSRUXV�FRQLFXV�1�.��

=HQJ�	�=KX�/��<DQJ  

%ROHWDFHDH  ¥ ¥ 7R[LF +.$6������� 

+HLPLRSRUXV�MDSRQLFXV�

�+RQJR��(��+RUDN 

%ROHWDFHDH ¥ ¥ ¥ 7R[LF��EXW�VROG�LQ�PDUNHW +.$6������� 

+HLQHPDQQRP\FHV�

VSOHQGLGLVVLPXV�:DWOLQJ 

$JDULFDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

+RXUDQJLD�QLJURSXQFWDWD��:�)��

&KLX��;XH�7��=KX�	�=KX�/��

<DQJ�  

%ROHWDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

+\GQXP�DOELGXP�3HFN +\GQDFHDH  ¥ ¥ (GLEOH +.$6������� 

+\GQXP�EHUNHOH\DQXP�.��'DV��

+HPEURP��$��%DJKHOD�	�9L]]LQ�  

+\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

+\GQXP�UHSDQGXP�.��'DV�� +\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 
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+HPEURP��$��%DJKHOD�	�

9L]]LQL 

+\GQXP�UXIHVFHQV�SHUV� +\GQDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

+\GQXP�VS� +\GQDFHDH ¥  ¥ (GLEOH +.$6������� 

+\JURF\EH�FDQWKDUHOOXV�

�6FKZHLQ���0XUULOO 

+\JURSKRUDFHDH  ¥  (GLEOH�� EXW� QRW�ZRUWKZKLOH��

%HFDXVH�LW�LV�WRR�WLQ\ 

+.$6������� 

+\JURF\EH�FRFFLQHRFUHQDWD�

�3�'��2UWRQ��0�0��0RVHU 

+\JURSKRUDFHDH  ¥  8QNQRZQ +.$6������� 

+\JURF\EH�FRQLFD�YDU��FRQLFD +\JURSKRUDFHDH  ¥  0D\EH�WR[LF +.$6������� 

+\JURF\EH�FXVSLGDWH��3HFN��

0XUULOO 

+\JURSKRUDFHDH ¥ ¥  8QNQRZQ +.$6������� 

+\PHQRFKDHWH�VXEIHUUXJLQHD�

%UHV��	�6\G� 

+\PHQRFKDHWDFHDH  ¥  8QNQRZQ +.$6������� 

+\PHQRSHOOLV�RULHQWDOLV��5�+��

3HWHUVHQ�	�1DJDV���5�+��

3HWHUVHQ 

3K\VDODFULDFHDH  ¥  (GLEOH +.$6������� 

+\SRP\FHV�FKORULQLJHQXV�

5RJHUVRQ�	�6DPXHOV 

+\SRFUHDFHDH  ¥  ,QHGLEOH��SDUDVLWLF�IXQJXV +.$6������� 

+\SRP\FHV�FKU\VRVSHUPXV�7XO��

	�&��7XO� 

+\SRFUHDFHDH  ¥  ,QHGLEOH��SDUDVLWLF�IXQJXV +.$6������� 

+\SRP\FHV�SHUQLFLRVXV�0DJQXV +\SRFUHDFHDH  ¥  ,QHGLEOH��SDUDVLWLF�IXQJXV +.$6������� 

+\SRP\FHV�SVHXGRODFWLIOXRUXP�

)�0��<X��4��=KDR�	�.�'��+\GH 

+\SRFUHDFHDH  ¥  ,QHGLEOH��SDUDVLWLF�IXQJXV +.$6������� 

,QRF\EH�VS� ,QRF\EDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

/DFFDULD�DPHWK\VWLQD�&RRNH +\GQDQJLDFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFFDULD�DXUDQWLD�3RSD��5H[HU��

'RQJHV��=KX�/��<DQJ�	�*��.RVW 

+\GQDQJLDFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFFDULD�ODFFDWD��6FRS���&RRNH +\GQDQJLDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFFDULD�PRVKXLMXQ�3RSD�	�

=KX�/LDQJ�<DQJ 

+\GQDQJLDFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFFDULD�YLQDFHRDYHOODQHD�

+RQJR 

+\GQDQJLDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFFDULD�\XQQDQHQVLV�3RSD��

5H[HU��'RQJHV��=KX�/��<DQJ�	�

*��.RVW 

+\GQDQJLDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�DFHUULPXV�%ULW]HOP� 5XVVXODFHDH  ¥ ¥ (GLEOH��EXW�QRW�WDVW\ +.$6������� 

/DFWDULXV�DII��VXESOLQWKRJDOXV 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�DNDKDWVX�1REXM��

7DQDND 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�DXVWURWRUPLQRVXV�

+�7��/H�	�9HUEHNHQ 

5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�FLQQDPRPHXV�:�)��

&KLX 

5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�FRQJOXWLQDWXV�;�+�� 5XVVXODFHDH  ¥ ¥ 7R[LF +.$6������� 

http://www.indexfungorum.org/names/families.asp?FamilyName=Hypocreaceae
http://www.indexfungorum.org/names/families.asp?FamilyName=Hypocreaceae
http://www.indexfungorum.org/names/families.asp?FamilyName=Hypocreaceae
http://www.indexfungorum.org/names/families.asp?FamilyName=Hypocreaceae
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:DQJ 

/DFWDULXV�IRUPRVXV�+�7��/H�	�

9HUEHNHQ 

5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

/DFWDULXV�JODEULJUDFLOLV�:LVLWU��

	�1X\WLQFN 

5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

/DFWDULXV�JUDFLOLV�+RQJR 5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

/DFWDULXV�KDWVXGDNH�1REXM��

7DQDND 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�KLUWLSHV�-�=��<LQJ 5XVVXODFHDH  ¥ ¥ 7R[LF +.$6������� 

/DFWDULXV�SXUSXUHXV�5��+HLP 5XVVXODFHDH  ¥ ¥ (GLEOH��EXW�QRW�WDVW\ +.$6������� 

/DFWDULXV�UXEUREUXQQHXV�+�7��

/H�	�1X\WLQFN 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�VS� 5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�DII��WURSLFRVLQLFXV�  5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�DPELF\VWLGLDWXV�;�+��

:DQJ 

5XVVXODFHDH  ¥ ¥ 0D\EH� LQHGLEOH�� ELWWHU� DQG�

VSLF\ 

+.$6������� 

/DFWLIOXXV�GZDOLHQVLV��.��'DV��

-�5��6KDUPD�	�9HUEHNHQ��.��

'DV 

5XVVXODFHDH ¥  ¥ (GLEOH +.$6������� 

/DFWLIOXXV�JHUDUGLL��3HFN��

.XQW]H 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�K\JURSKRURLGHV�

�%HUN��	�0�$��&XUWLV��.XQW]H 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�OHDH��'��6WXEEH�	�

9HUEHNHQ��9HUEHNHQ 

5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�SLORVXV��9HUEHNHQ��

+�7��/H�	�/XP\RQJ��9HUEHNHQ 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�SLQJXLV��9DQ�GH�3XWWH�

	�9HUEHNHQ��9DQ�GH�3XWWH 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWDULXV�SLSHUDWXV��/���3HUV� 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�SVHXGROXWHRSXV�

�;�+��:DQJ�	�9HUEHNHQ��;�+��

:DQJ 

5XVVXODFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

/DFWLIOXXV�UXJDWXV��.�KQHU�	�

5RPDJQ���9HUEHNHQ 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�VXESUXLQRVXV�;�+��

:DQJ 

5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

/DFWLIOXXV�YROHPXV��)U���.XQW]H 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

/DQPDRD�SDOOLGRURVHD��%RWK��

5DVSp�	�9DGWKDQDUDW 

%ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

/DXULRP\FHV�KHOLRFHSKDOXV��9��

5DR�	�GH�+RRJ��5�)��&DVWDxHGD�

	�:�%��.HQGU� 

/DXULRP\FHWDFHDH  ¥  ,QHGLEOH��SDWKRJHQLF�IXQJXV +.$6������� 

/HFFLQHOOXP�TXHUFRSKLOXP�0�� %ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 
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.XR 

/HFFLQXP�UXJRVLFHSV��3HFN��

6LQJHU 

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

/HQWLQXOD�HGRGHV��%HUN���3HJOHU 2PSKDORWDFHDH ¥   (GLEOH +.$6������� 

/HQWLQXV�VTXDUURVXOXV�0RQW� 2PSKDORWDFHDH ¥ ¥  (GLEOH +.$6������� 

/HRWLD�DWURYLUHQV�3HUV� /HRWLDFHDH  ¥  8QNQRZQ +.$6������� 

/HRWLD�OXEULFD��6FRS���3HUV� /HRWLDFHDH  ¥  (GLEOH��EXW�WDVWHOHVV +.$6������� 

/\RSK\OOXP�IXPRVXP��3HUV���

3�'��2UWRQ 

/\RSK\OODFHDH ¥  ¥ (GLEOH +.$6������� 

/\RSK\OOXP�UKRSDORSRGLXP�

&OpPHQoRQ 

/\RSK\OODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

0DFRZDQLWHV�FKORULQRVPXV�

$�+��6P��	�7UDSSH 

5XVVXODFHDH  ¥  8QNQRZQ +.$6������� 

0DFURF\EH�JLJDQWHD��0DVVHH��

3HJOHU�	�/RGJH 

&DOOLVWRVSRULDFHDH ¥   (GLEOH +.$6������� 

0DFUROHSLRWD�YHORVD�9HOOLQJD�	�

=KX�/��<DQJ 

*DULFDFHDH  ¥  8QNQRZQ +.$6������� 

0DUDVPLXV�VS� 0DUDVPLDFHDH  ¥  8QNQRZQ +.$6������� 

0DUDVPLXV�

SVHXGRSXUSXUHRVWULDWXV�

:DQQDWKHV��'HVMDUGLQ�	�

/XP\RQJ 

0DUDVPLDFHDH ¥ ¥  (GLEOH�� EXW� QRW� ZRUWKZKLOH�

EHFDXVH� RI� VPDOO� VL]H� DQG�

WKLQ�IOHVK 

+.$6������� 

0LFURSRUXV�[DQWKRSXV��)U���

.XQW]H 

3RO\SRUDFHDH  ¥  ,QHGLEOH��OHDWKHU\�IOHVK +.$6������� 

0LFURSVDOOLRWD�IXUIXUDFHD�5�/��

=KDR��'HVMDUGLQ��6R\WRQJ�	�

.�'��+\GH 

$JDULFDFHDH  ¥  7R[LF +.$6������� 

0LFURSVDOOLRWD�JORERF\VWLV�

+HLQHP� 

$JDULFDFHDH  ¥  8QNQRZQ +.$6������� 

1LJURSRUXV�YLQRVXV��%HUN���

0XUULOO 

6WHFFKHULQDFHDH  ¥  ,QHGLEOH�� ZRRG�GHFD\�

IXQJXV 

+.$6������� 

1HREROHWXV�PXOWLSXQFWDWXV�1�.��

=HQJ��+��&KDL�	�6��-LDQJ 

%ROHWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

2SKLRFRUG\FHSV�QXWDQV��3DW���

*�+��6XQJ��-�0��6XQJ��+\ZHO�

-RQHV�	�6SDWDIRUD 

2SKLRFRUG\FLSLWDFHDH ¥ ¥  0HGLFLQDO +.$6������� 

2SKLRFRUG\FHSV�R[\FHSKDOD�

�3HQ]��	�6DFF���*�+��6XQJ��

-�0��6XQJ��+\ZHO�-RQHV�	�

6SDWDIRUD 

2SKLRFRUG\FLSLWDFHDH ¥ ¥  0HGLFLQDO +.$6������� 

3DQHOOXV�SXVLOOXV��3HUV��H[�/pY���

%XUGV��	�2�.��0LOO� 

0\FHQDFHDH  ¥  ,QHGLEOH��PD\EH�PHGLFLQDO +.$6������� 

3DQXV�WLJULQXV��%XOO���6LQJHU 3RO\SRUDFHDH ¥   (GLEOH +.$6������� 

3D[LOOXV�LQYROXWXV��%DWVFK��)U� 3D[LOODFHDH  ¥ ¥ 7R[LF +.$6������� 
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3KDHRFROO\ELD�SVHXGRIHVWLYD�

$�+��6P� 

+\PHQRJDVWUDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

3KDHRFROO\ELD�UDWWLFDXGD�(��

+RUDN 

+\PHQRJDVWUDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

3KDHRFROO\ELD�UHGKHDGLL�

1RUYHOO 

+\PHQRJDVWUDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

3KDHROXV�VFKZHLQLW]LL��)U���3DW� )RPLWRSVLGDFHDH  ¥  ,QHGLEOH��WRR�WRXJK +.$6������� 

3KROLRWD�PXOWLFLQJXODWD�(��

+RUDN 

6WURSKDULDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

3K\OORSRUXV�OX[LHQVLV�0��=DQJ %ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

3K\OORSRUXV�UXELJLQRVXV�0�$��

1HYHV�	�+DOOLQJ 

%ROHWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

3LVROLWKXV�WLQFWRULXV��0RQW���(��

)LVFK� 

6FOHURGHUPDWDFHDH  ¥ ¥ 0HGLFLQDO +.$6������� 

3OXWHXV�VHSWRF\VWLGLDWXV�

âHYþtNRYi��$QWRQtQ�	�%RURY� 

3OXWHDFHDH  ¥  8QNQRZQ +.$6������� 

3RGRVF\SKD�LQYROXWD��.ORW]VFK�

H[�)U���,PD]HNL 

3RGRVF\SKDFHDH  ¥  8QNQRZQ +.$6������� 

3RO\SRUXV�FXWLFXODWXV�<�&��'DL��

-LQJ�6L�	�6FKLJHO 

3RO\SRUDFHDH ¥ ¥  (GLEOH +.$6������� 

3XOYHUREROHWXV�LFWHULQXV��3DW��	�

&�)��%DNHU��:DWOLQJ 

%ROHWDFHDH  ¥ ¥ 7R[LF��PD\EH�PHGLFLQDO +.$6������� 

3XOYHUREROHWXV�VXEUXIXV�1�.��

=HQJ�	�=KX�/��<DQJ 

%ROHWDFHDH  ¥ ¥ 7R[LF +.$6������� 

5DPDULD�DVLDWLFD��5�+��

3HWHUVHQ�	�0��=DQJ��5�+��

3HWHUVHQ 

*RPSKDFHDH  ¥ ¥ (GLEOH +.$6������� 

5DPDULD�FDUWLODJLQHD�0DUU�	�

'�(��6WXQW] 

*RPSKDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5DPDULD�F\DQRFHSKDOD��%HUN��

	�0�$��&XUWLV��&RUQHU 

*RPSKDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

5DPDULD�IHQQLFD��3��.DUVW���

5LFNHQ 

*RPSKDFHDH  ¥ ¥ (GLEOH��EXW�ELWWHU +.$6������� 

5DPDULD�IODYD��6FKDHII���4XpO� *RPSKDFHDH  ¥ ¥ (GLEOH��EXW�OLWWOH�ELWWHU +.$6������� 

5DPDULD�SDOOLGD��6FKDHII���

5LFNHQ 

*RPSKDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5DPDULD�VDQJXLQLSHV�5�+��

3HWHUVHQ�	�0��=DQJ 

*RPSKDFHDH  ¥ ¥ (GLEOH +.$6������� 

5DPDULD�VS� *RPSKDFHDH ¥  ¥ (GLEOH +.$6������� 

5DPDULD�WKLQGLL�.��'DV��

+HPEURP��$��3DULKDU�	�$��

*KRVK 

*RPSKDFHDH  ¥ ¥ (GLEOH +.$6������� 

5DPDULD�YLQRVLPDFXODQV�0DUU�

	�'�(��6WXQW]�  

*RPSKDFHDH  ¥ ¥ (GLEOH +.$6������� 
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5HWLEROHWXV�IXVFXV��+RQJR��

1�.��=HQJ�	�=KX�/��<DQJ 

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

5HWLEROHWXV�VLQHQVLV�1�.��=HQJ�

	�=KX�/��<DQJ 

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

5HWLEROHWXV�VS� %ROHWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

5KL]RF\EH�DOED�<�;��'LQJ�	�

(�-��7LDQ 

$JDULFDOHV  ¥  0D\EH�WR[LF +.$6������� 

5KL]RSRJRQ�VRQJPDRGDQ�5��

:DQJ�	�)X�4��<X 

5KL]RSRJRQDFHDH ¥  ¥ (GLEOH +.$6������� 

5XEUREROHWXV�HVFXOHQWXV�.XDQ�

=KDR��+�0��6KDR�	�=KX�/��

<DQJ�  

%ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

5XJLEROHWXV�H[WUHPLRULHQWDOLV�
�/M�1��9DVVLOMHYD��*��:X�	�=KX�

/��<DQJ 

%ROHWDFHDH ¥  ¥ (GLEOH +.$6������� 

5XVVXOD�DGXVWD��3HUV���)U� 5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�DPDULVVLPD�5RPDJQ��

	�(��-��*LOEHUW 

5XVVXODFHDH ¥  ¥ (GLEOH +.$6������� 

5XVVXOD�FHUHD��6RHKQHU��-�0��

9LGD 

5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

5XVVXOD�FRPSDFWD�)URVW 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�FUXVWRVD�3HFN 5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�F\DQR[DQWKD��6FKDHII���

)U� 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�GHOLFD�)U� 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�GHQVLIROLD�6HFU��H[�

*LOOHW 

5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�GLVVLPXODQV�6KDIIHU 5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�IODYLGD�)URVW�H[�3HFN 5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�IRHWHQV�3HUV� 5XVVXODFHDH  ¥ ¥ 7R[LF +.$6������� 

5XVVXOD�JULVHRFDUQRVD�;�+��

:DQJ��=KX�/��<DQJ�	�.QXGVHQ 

5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�ODNKDQSDOLL�$��*KRVK��

.��'DV�	�5�3��%KDWW 

5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

5XVVXOD�OLODFHD�4XpO� 5XVVXODFHDH ¥ ¥ ¥ (GLEOH�  +.$6������� 

5XVVXOD�QLJULFDQV�)U� 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�SXUSXUHRJUDFLOLV�)��

+DPSH��/RRQH\�	�0DQ] 

5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

5XVVXOD�URVHD�3HUV� 5XVVXODFHDH ¥ ¥ ¥ (GLEOH��EXW�VRPH�FRQVLGHU�LW�

LQHGLEOH 

+.$6������� 

5XVVXOD�VHQHFLV�6��,PDL 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�VS� 5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

5XVVXOD�VRURULD��)U���5RPHOO 5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�VXEVWULDWD�-��:DQJ�� 5XVVXODFHDH  ¥ ¥ 8QNQRZQ +.$6������� 



 

�� 
 

;�+��:DQJ��%X\FN�	�7��%DX 

5XVVXOD�YLUHVFHQV��6FKDHII���)U� 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�YLULGLFLQQDPRPHD�)��

<XDQ�	�<��6RQJ 

5XVVXODFHDH  ¥ ¥ (GLEOH +.$6������� 

5XVVXOD�YLQRVD�/LQGEODG 5XVVXODFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

6DUFRSRULD�SRO\VSRUD�3��.DUVW� 6DUFRSRULDFHDH  ¥  ,QHGLEOH�� ZRRG\�GHFD\�

IXQJXV 

+.$6������� 

6FKL]RSK\OOXP�FRPPXQH�)U� 6FKL]RSK\OODFHDH ¥   (GLEOH�DQG�PHGLFLQDO +.$6������� 

6FOHURGHUPD�IODYLGXP�(OOLV�	�

(YHUK 

6FOHURGHUPDWDFHDH  ¥ ¥ 7R[LF +.$6������� 

6FOHURGHUPD�VLQQDPDULHQVH�

0RQW� 

6FOHURGHUPDWDFHDH  ¥ ¥ 7R[LF +.$6������� 

6FOHURGHUPD�\XQQDQHQVH�<��

:DQJ 

6FOHURGHUPDWDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

6FOHURGHUPD�VS� 6FOHURGHUPDWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

6SDUDVVLV�VS� 6SDUDVVLGDFHDH  ¥  8QNQRZQ +.$6������� 

6WHUHRSVLV�UDGLFDQV��%HUN���

'�$��5HLG 

6WHUHRSVLGDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

6WURELORP\FHV�FRQIXVXV�6LQJHU %ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

6WURELORP\FHV�ODWLULPRVXV�-�=��

<LQJ 

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

6WURELORP\FHV�VHPLQXGXV�

+RQJR 

%ROHWDFHDH  ¥ ¥ (GLEOH +.$6������� 

6WURSKDULD�UXJRVRDQQXODWD�

)DUO��H[�0XULLO 

6WURSKDULDFHDH  ¥  (GLEOH +.$6������� 

6XO]EDFKHURP\FHV�\XQQDQHQVLV�

'��/LX��/L�6��:DQJ�	�*RIILQHW 

/HSLGRVWURPDWDFHDH  ¥  8QNQRZQ +.$6������� 

6XLOOHOOXV�VS� %ROHWDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

6XLOOHOOXV�VXEYHOXWLSHV��3HFN��

0XUULOO 

%ROHWDFHDH  ¥ ¥ 0D\EH�WR[LF +.$6������� 

6XLOOXV�ERYLQXV��/���5RXVVHO 6XLOODFHDH  ¥ ¥ (GLEOH +.$6������� 

6XLOOXV�OXWHXV��/���5RXVVHO 6XLOODFHDH  ¥ ¥ 7R[LF +.$6������� 

6XLOOXV�SODFLGXV��%RQRUG���

6LQJHU 

6XLOODFHDH  ¥ ¥ 7R[LF +.$6������� 

7DSLQHOOD�SDQXRLGHV��)U���(��-��

*LOEHUW 

7DSLQHOODFHDH  ¥  7R[LF +.$6������� 

7HUPLWLFROD�VS� $JDULFDFHDH  ¥  8QNQRZQ +.$6������� 

7HUPLWRP\FHV�DOELFHSV�6�&��+H /\RSK\OODFHDH ¥ ¥  (GLEOH +.$6������� 

7HUPLWRP\FHV�DXUDQWLDFXV�

�5�+HLP��5��+HLP 

/\RSK\OODFHDH ¥ ¥  (GLEOH +.$6������� 

7HUPLWRP\FHV�FO\SHDWXV�5��

+HLP 

/\RSK\OODFHDH ¥ ¥  (GLEOH +.$6������� 

7HUPLWRP\FHV�HXUUKL]XV��%HUN���

5��+HLP 

/\RSK\OODFHDH ¥ ¥  (GLEOH +.$6������� 



 

�� 
 

7HUPLWRP\FHV�KHLPLL�1DWDUDMDQ /\RSK\OODFHDH ¥   (GLEOH +.$6������� 

7HUPLWRP\FHV�IXOLJLQRVXV�5��

+HLP 

/\RSK\OODFHDH ¥ ¥  (GLEOH +.$6������� 

7HUPLWRP\FHV�PLFURFDUSXV�

�%HUN��	�%URRPH��5��+HLP 

/\RSK\OODFHDH ¥ ¥  (GLEOH +.$6������� 

7HUPLWRP\FHV�VS�� /\RSK\OODFHDH ¥   (GLEOH +.$6������� 

7HUPLWRP\FHV�VS�� /\RSK\OODFHDH ¥   (GLEOH +.$6������� 

7HUPLWRP\FHV�VWULDWXV��%HHOL��5��

+HLP 

/\RSK\OODFHDH ¥ ¥  (GLEOH +.$6������� 

7KHOHSKRUD�JDQEDMXQ�0��=DQJ 7KHOHSKRUDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

7KHOHSKRUD�UHJXODULV�6FKZHLQ 7KHOHSKRUDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

7KHOHSKRUD�VLNNLPHQVLV�.��'DV��

+HPEURP�	�.XKDU 

7KHOHSKRUDFHDH  ¥ ¥ 8QNQRZQ +.$6������� 

7KHOHSKRUD�VS� 7KHOHSKRUDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

7KHOHSKRUD�YLDOLV�6FKZHLQ� 7KHOHSKRUDFHDH ¥ ¥ ¥ (GLEOH +.$6������� 

7ULFKDSWXP�DELHWLQXP��3HUV��H[�

-�)��*PHO���5\YDUGHQ 

+\PHQRFKDHWDOHV  ¥  ,QHGLEOH��OHDWKHU\�IOHVK +.$6������� 

7ULFKRORPD�DOEREUXQQHXP�

�3HUV���3��.XPP� 

7ULFKRORPDWDFHDH  ¥ ¥ 7R[LF +.$6������� 

7ULFKRORPD�HTXHVWUH��/���3��

.XPP� 

7ULFKRORPDWDFHDH ¥ ¥ ¥ 7R[LF��EXW�VROG�LQ�PDUNHW +.$6������� 

7ULFKRORPD�IXOYRFDVWDQHXP�

+RQJR 

7ULFKRORPDWDFHDH ¥  ¥ (GLEOH +.$6������� 

7ULFKRORPD�ROLYDFHXP�5HVFKNH��

3RSD��=KX�/��<DQJ�	�*��.RVW 
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,Q�WKH�PDUNHWV�����VSHFLHV�DUH�HGLEOH�DQG�DERXW�����DUH�(0)��$�IHZ�QHZ�VSHFLHV�

ZKLFK�KDYH�RQO\�EHHQ�SXEOLVKHG�LQ�UHFHQW�\HDUV�>�����@�ZHUH�IRXQG�LQ�PDUNHWV��$QG�
VRPH�SUHYLRXVO\�GHVFULEHG�VSHFLHV�ZHUH�UHYLVHG�RU�FODVVLILHG LQ�RWKHU�VHFWLRQ�RU�JHQXV�
E\�PROHFXODU�SK\ORJHQHWLF�VWXG\�>�����@��)XUWKHUPRUH��IRXU�VSHFLHV�IURP�PDUNHWV�DUH�
PHGLFLQDO��WZR�RI�ZKLFK��2SKLRFRUG\FHSV�QXWDQV��3DW���*�+��6XQJ��-�0��6XQJ��+\ZHO�



 

�� 
 

-RQHV�	�6SDWDIRUD�DQG�2��R[\FHSKDOD��DUH�PDLQO\�GLVWULEXWHG�LQ�WURSLFDO�DQG�VXEWURSLFDO�
EURDG�OHDYHG� IRUHVWV�� ,W� LV� LQWHUHVWLQJ� WKDW� IRXU� VSHFLHV�ZKLFK�KDYH�EHHQ� UHSRUWHG� WR�
FDXVH� JDVWURHQWHULWLV� W\SH� SRLVRQLQJ�� LQFOXGLQJ� +HLPLRSRUXV� MDSRQLFXV� �+RQJR�� (��
+RUDN�DQG�7\ORSLOXV�QHRIHOOHXV�+RQJR��LQ�-XO\��ZHUH�VROG�LQ�ODUJH�TXDQWLWLHV�LQ�3X¶HU�
PDUNHW��DQG�7ULFKRORPD�HTXHVWUH��/���3��.XPP���$JXVW�WR�2FWREHU��ZDV�PL[HG�ZLWK�D�
IHZ�7ULFKRORPD�VDSRQDFHXP��)U���3��.XPP��LQ�VRPH�VPDOO�VWDOOV��6RPH�VSHFLPHQV��RI�
RQH�LQHGLEOH�VSHFLHV��$ERUWLSRUXV�ELHQQLV��%XOO���6LQJHU��ZHUH�UHFRUGHG�WR�EH�VROG�LQ�D�
IHZ�PDUNHWV�DV�7KHOHSKRUD�JDQEDMXQ�0��=DQJ��6LPLODUO\��+\JURF\EH�FXVSLGDWD��3HFN��
0XUULOO�ZLWK�XQNQRZQ�WR[LFLW\�ZDV�VROG�RFFDVLRQDOO\�LQ�VRPH�VWDOOV�PD\EH�EHFDXVH�IRU�
VRPH�SHRSOH� LW� LV�&DQWKDUHOOXV�ORRNLQJ��7KHUHIRUH�� WKH� DFFXUDWH� WD[RQRPLF� VWDWXV� RI�
WKHVH�DSSDUHQWO\�WR[LF�VSHFLHV�KDV�WR�EH�FDUHIXOO\�FKHFNHG��LQ�RUGHU�WR�GHWHUPLQH�LI�WKH\�
FRUUHVSRQG� WR� QHZ� WD[D� RU� LI� WKH� HFRW\SHV� LQ� WKH� DUHD� DUH� QRQ�WR[LF� VSHFLHV�� 0RVW�
FRPPHUFLDO�PXVKURRPV�DUH�FRPPRQ�VSHFLHV�LQ�DOO�PDUNHWV��)LJXUH���D�L���6L[�VDPSOHG�
PDUNHWV�VKDUHG����PXVKURRP�VSHFLHV��ZKLOH����XQLTXH�VSHFLHV�ZHUH�RQO\�VROG�LQ�3X¶HU�
PDUNHW�DQG���XQLTXH�VSHFLHV�ZHUH�RQO\�VROG�LQ�/DQFDQJ�PDUNHW��)LJXUH��M���  

 

 
)LJ����3RSXODU�VSHFLHV�VROG�LQ�WKH�VWXGLHG�PDUNHWV���D��/DFWLIOXXV�YROHPXV���E��7HUPLWRP\FHV�VSS���
�F�� 5XVVXOD� JULVHRFDUQRVD�� �G�� 6FOHURGHUPD� \XQQDQHQVH�� �H�� &UDWHUHOOXV� FRUQXFRSLRLGHV�� �I��
/DFWLIOXXV� SLSHUDWXV�� �J��5DPDULD� VSS��� �K�� %ROHWXV� VSS��� �L�� /DFFDULD� ODFFDWD�� �M�� )ORZHU� SORW�
GLDJUDP�VKRZLQJ�VKDUHG�DQG�XQLTXH�HGLEOH�ZLOG�PXVKURRP�VSHFLHV�LQ�WKH�VDPSOHG�PDUNHWV� 

 
7KH�IRUHVW�DUHDV�VHOHFWHG�IRU�WKH�QDWXUDO�KDELWDWV�ZRUN��DFFRUGLQJ�WR�LQIRUPDWLRQ�

JDWKHUHG�IURP�VRPH�FROOHFWRUV��ZHUH�ZLWKLQ����NLORPHWHUV�RI�WKH�PDUNHWV��'XH�WR�LWV�
SURWHFWHG�VWDWXV��WKH�(FRORJLFDO�&RQVHUYDWLRQ�)RUHVWV�DQG�WKH�6XQ�5LYHU�1DWLRQDO�)RUHVW�
3DUN�DUH�OHVV�YLVLWHG�E\�JDWKHUHUV�RU�UHFUHDWLRQDO�YLVLWRUV��$�WRWDO�RI�����VSHFLHV�ZHUH�
UHFRUGHG� DQG� FROOHFWHG� IURP� QDWXUDO� KDELWDWV�� ZKLFK� LQFOXGH� ���� HGLEOH� VSHFLHV��
DFFRXQWLQJ�IRU�DERXW�����(0)�����LQHGLEOH�VSHFLHV�����PHGLFLQDO�VSHFLHV�����SRLVRQRXV�
VSHFLHV�DQG����VSHFLHV�ZLWK�XQNQRZQ�HGLELOLW\��0RUHRYHU�����VSHFLHV�DUH�XQGHVFULEHG�
DQG�DUH�FXUUHQWO\�XQGHU�WD[RQRPLF�VWXG\��)LJXUH�����  

 



 

�� 
 

 
)LJ����7\SLFDO�HGLEOH�ZLOG�PXVKURRPV�DQG�WKHLU�QDWXUDO�KDELWDWV���D�F��6DPSOHG�YHJHWDWLRQ�W\SHV���D��
3LQXV�NHVL\D�IRUHVW���E��&RQLIHURXV�DQG�EURDG�OHDYHG�IRUHVW�PL[HG�IRUHVW���F��%URDG�OHDYHG�IRUHVW��
�G�L��5HSUHVHQWDWLYH�DEXQGDQW�PXVKURRP�VSHFLHV���G��5DPDULD�VS����H��&DQWKDUHOOXV�FLQQDEDULQXV��
�I�� /DFWLIOXXV� SLSHUDWXV�� �J�� &UDWHUHOOXV� FRUQXFRSLRLGHV�� �K�� $PDQLWD� FDRML]RQJ�� �L�� /DFFDULD�
\XQQDQHQVLV���M�O��6RPH�XQGHVFULEHG�IXQJL���M��&RUWLQDULXV�VS����N��3KDHRFROO\ELD�VS����O��5DPDULD�
VS��  

 
/RFDO�SUHIHUHQFH�DQG�DFFHSWDELOLW\�RI�:()�VSHFLHV 
$� WRWDO� RI� ��� VSHFLHV� ZHUH� UHFRUGHG� LQ� ERWK�PDUNHWV� DQG� QDWXUDO� KDELWDWV�� $PDQLWD�
FDML]RQJ� =KX� /�� <DQJ�� <�<�� &XL� 	� 4�� &DL�� &DQWKDUHOOXV� FLQQDEDULQXV� �6FKZHLQ���
6FKZHLQ��&UDWHUHOOXV� FRUQXFRSLRLGHV� �/���3HUV���/DFFDULD� \XQQDQHQVLV� 3RSD��5H[HU��
'RQJHV��=KX�/��<DQJ�	�*��.RVW��/DFWLIOXXV�SLSHUDWXV��/���3HUV���/DFWLIOXXV�YROHPXV�
�)U���.XQW]H� DQG�5DPDULD� VSS��ZHUH�SRSXODU� LQ�PDUNHWV� DQG� HDV\� WR� ILQG� LQ�QDWXUDO�
KDELWDWV�LQ�PXVKURRP�VHDVRQ��)LJXUH�����7KH�PRVW�IUHTXHQWO\�ERXJKW�ZLOG�PXVKURRPV�
EHORQJHG�PDLQO\� WR�%ROHWDFHDH� ����VSHFLHV���+\GQDFHDH� ����VSHFLHV���/\RSK\OODFHDH�
���� VSHFLHV�� DQG� 5XVVXODFHDH� ���� VSHFLHV��� 7KH� IDPLOLHV�$PDQLWDFHDH� ���� VSHFLHV���
%ROHWDFHDH� ���� VSHFLHV��� &RUWLQDULDFHDH� ���� VSHFLHV��� +\GQDFHDH� ���� VSHFLHV���
+\GQDQJLDFHDH����VSHFLHV���/\RSK\OODFHDH�����VSHFLHV���DQG�5XVVXODFHDH�����VSHFLHV��
ZHUH�FRPPRQ�LQ�QDWXUDO�KDELWDWV�DQG�IRUHVWV��0XVKURRP�VSHFLHV�DQG�DPRXQW�VKRZHG�D�
KLJK� FRUUHVSRQGHQFH� EHWZHHQ�PDUNHWV� DQG� WKH� QDWXUDO� KDELWDWV� RQ� GLIIHUHQW� PRQWKV�
�)LJXUH�����3UHIHUHQFH�RI�:()�IRU�ORFDOV�ZDV�PRVWO\�UHODWHG�WR�WKHLU�DYDLODELOLW\�LQ�WKH�
IRUHVWV� 



 

�� 
 

 
)LJ����&RPSDULVRQ�RI�WKH�PRVW�DEXQGDQW�HGLEOH�ZLOG�PXVKURRPV�VDPSOHG�LQ�PDUNHWV��EODFN�EDUV��
DQG�QDWXUDO�KDELWDWV��JUD\�EDUV��RI�3X¶HU�0XQLFLSDOLW\�DQG�/DQFDQJ�&RXQW\�GXULQJ�-XO\�WR�2FWREHU��
1XPEHUV� RI� EODFN� EDUV� UHSUHVHQW� SHUFHQWDJHV� RI� VWDOOV� VROG� WKH� PRVW� DEXQGDQW� HGLEOH� ZLOG�
PXVKURRPV�WR�WRWDO�VWDOOV��QXPEHUV�RI�JUD\�EDUV�UHSUHVHQW�SHUFHQWDJHV�RI�QXPEHUV�RI�FROOHFWHG�WKH�
PRVW�DEXQGDQW�HGLEOH�ZLOG�PXVKURRPV�WR�WRWDO�FROOHFWHG�PXVKURRPV� 

 
(WKQRP\FRORJLFDO�GDWD�  
Type of markets and constitution of vendors 
$�WRWDO�RI����PDUNHWV�ZHUH�YLVLWHG�GXULQJ�WKLV�VWXG\��$V�LOOXVWUDWHG�LQ�WKH�WDEOH����WKUHH�
PDUNHWV�ZHUH�HVWDEOLVKHG�PDUNHWV����PDUNHWV�ZHUH�PRELOH�PDUNHWV�DQG���VWUHHW�VWDOOV�
ZLWKRXW�QDPHV��'LIIHUHQW�PDUNHWV�KDYH�GLIIHUHQW�VDOH�WLPH�WR�VHOO�PXVKURRPV�DFFRUGLQJ�
WR�WKH�ORFDO�SHRSOH¶V�GLIIHUHQW�OLIHVW\OHV��7KH�KLJKHVW�QXPEHU�RI�YHQGRUV�LQ�DOOPDUNHWV�
ZDV�UHFRUGHG�LQ�$XJXVW�DQG�6HSWHPEHU��7KH�YHQGRUV�LQ�WKH�PRELOH�PDUNHWV�DQG�LQ�WKH�
VWUHHW�VWDOOV� ZHUH� XVXDOO\� ORZ�LQFRPH� SHRSOH�� ZKR� WUDYHO� XVXDOO\� E\� IRRW� IURP� WKH�
QDWXUDO�FROOHFWLRQ�DUHDV�WR�WKH�VHOOLQJ�SRLQWV� 

$OPRVW�DOO�YHQGRUV�ZHUH�DEOH� WR�VSHDN�0DQGDULQ� LQ�:X\L�PDUNHW�RI�3X¶HU�&LW\�
DOWKRXJK�PRVW�RI�YHQGRUV�EHORQJ�WR�HWKQLF�JURXSV��OLNH�+DQL��<L�DQG�/DKX�SHRSOH��7KLV�
LV� WKH� ODUJHVW�PDUNHW� LQ�3X¶HU��DQG�XS� WR�����YHQGRUV�� LQFOXGLQJ�JDWKHUHUV�� WZRíZD\�
PHUFKDQWV��WKRVH�ZKR�EX\�PXVKURRPV�IURP�JDWKHUHUV�GLUHFWO\�LQ�QDWXUDO�KDELWDWV��DQG�
EURNHUV� �WKRVH�ZKR�EX\�PXVKURRPV�IURP�JDWKHUHUV�RU� WR� WZRíZD\�PHUFKDQWV��� VROG�
PXVKURRPV�LQ�$XJXVW�DQG�6HSWHPEHU��)LJXUH��D��E��F���0RVW�RI�WKH�YDOXDEOH�PXVKURRPV�
DUH�XVXDOO\�VROG�DW�KLJKHU�SULFHV�WR�ODUJH�PDUNHWV�RU�UHVWDXUDQWV�RI�.XQPLQJ��WKH�FDSLWDO�
RI�<XQQDQ�SURYLQFH��E\�EURNHUV��9HQGRU¶V�PDLQ�DJH�JURXS�ZDV�EHWZHHQ����DQG�����DQG�
PRVW�RI�WKHP�ZHUH�DEOH�WR�UHFHLYH�FRQWDFWOHVV�SD\PHQWV�WKURXJK�WKHLU�PRELOH�SKRQHV�� �  

,Q�WKH�PDUNHWV�RI�0RMLDQJ�DQG�1LQJ¶HU�&RXQWLHV��WKH�QXPEHU�RI�YHQGRUV�UHDFKHG�
����LQ�$XJXVW�RU�6HSWHPEHU��7KH�<L�DQG�+DQL�SHRSOH�DUH�WKH�PDLQ�HWKQLF�JURXSV�ZKR�
LQKDELW�WKHVH�WZR�FRXQWLHV��,Q�UHFHQW�\HDUV��ORFDO�JRYHUQPHQWV�KDYH�SDLG�JUHDW�DWWHQWLRQ�
WR�WKH�GHYHORSPHQW�RI�:()�UHVRXUFHV�PDUNHWLQJ��DQG�PRUH�PXVKURRP�PDUNHWV�KDYH�
EHHQ�HVWDEOLVKHG��9HQGRUV�LQ�WKHVH�PDUNHWV�ZHUH�JDWKHUHUV��PHUFKDQWV�DQG�VRPH�EURNHUV��
DQG�WKH�PDLQ�DJH�JURXS�ZDV�EHWZHHQ����DQG�����$�VPDOO�JURXS�RI�DJHG�YHQGRUV�������
VSRNH�VRXWKZHVW�0DQGDULQ�DQG�FRXOG�QRW�XVH�PRELOH�SKRQH�DSSV�WR�UHFHLYH�SD\PHQWV�
IRU�WKH�PXVKURRP�VDOH� 

/DQFDQJ�6WUHHW�0DUNHW� �)LJXUH���G�� H�� KDG�PRVWO\� /DKX� DQG�+DQL� SHRSOH��7KH�
YLOODJHUV�LQ�WKH�VXUURXQGLQJ�WRZQV�EULQJ�D�YDULHW\�RI�SURGXFWV�WR�/DQFDQJ�6WUHHW�0DUNHW�



 

�� 
 

RQ�6XQGD\�HYHU\�ZHHN��9HQGRU¶V�PDLQ�DJH�JURXS�ZDV�EHWZHHQ����DQG���������RI�ZKLFK�
FRXOG�QRW�VSHDN�0DQGDULQ��RQO\�/DKX�ODQJXDJH�DQG�VRXWKZHVW�0DQGDULQ��,Q�DGGLWLRQ��
PRVW�RI�DJHG�YHQGRUV�DFFHSWHG�FDVK�RQO\��1HDUO\�DOO�YHQGRUV�LQ�/DQFDQJ�6WUHHW�0DUNHW�
ZHUH�JDWKHUHUV��DQG�PRVW�RI�WKHP�XVXDOO\�VHOO�PXVKURRPV�DORQJ�ZLWK�YHJHWDEOHV��IUXLWV�
RU�ORFDO�SURGXFWV��VR�VHOOHU�PRELOLW\�LQ�WKLV�PDUNHW�ZDV�QRW�VWURQJ�ZLWKLQ�PDUNHW�WLPH� 

0HQJOLDQ�DQG�;LPHQJ�&RXQWLHV�DUH�QRW�IDU�IURP�/DQFDQJ�&RXQW\��7KH�/DKX��'DL��
DQG�:D�SHRSOH�DUH�WKH�PDLQ�HWKQLF�JURXSV�LQ�WKHVH�WZR�FRXQWLHV��9HQGRUV�KHUH�VSRNH�
/DKX��'DL�DQG�:D�ODQJXDJHV�DQG�VRXWKZHVW�0DQGDULQ��&RPSDUHG�ZLWK�RWKHU�PDUNHWV��
IHZHU�YHQGRUV�VROG�PXVKURRPV��+RZHYHU��VRPH�YHQGRUV�VDLG�WKDW�PDQ\�EX\HUV�IURP�
/DQFDQJ�&RXQW\�RU�3X¶HU�0XQLFLSDOLW\�FDPH�KHUH�WR�EX\�PXVKURRPV�WR�SURFHVV�RU�GU\�
DQG� WKHQ� UHVHOO� WKHP�� VR�PDQ\�YHQGRUV� FROOHFW�PXVKURRPV� DQG� VHOO� WKHP�GLUHFWO\� WR�
ZKROHVDOH�EX\HUV� 

0XVKURRP�VSHFLHV�IURP�ILYH�VWUHHW�VWDOOV�ZKLFK�KDYH���WR����YHQGRUV�E\�FRXQW\�
KLJKZD\V�RU�YLOODJH�URDGV�ZHUH�DOVR�UHFRUGHG��7KHVH�YHQGRUV�FRPH�IURP�QHDUE\�YLOODJHV�
DQG�PRVW�RI�WKHP�ZHUH�DJHG�SHRSOH��7KH\�GRQ¶W�KDYH�WUDQVSRUWDWLRQ�WR�JR�WR�PDUNHWV�WR�
VHOO�PXVKURRPV��VR�WKH\�XVXDOO\�VHOO�WKHP�RQ�WKH�VLGH�RI�WKH�URDG�DIWHU�FROOHFWLQJ�WKHP��
$V�D�FRQVHTXHQFH�RQO\�YHU\�IUHVK�PXVKURRPV�ZHUH�UHFRUGHG��)LJXUH���J��L�� 
*HQGHU�RI�YHQGRUV 
7KH�PDOH�WR�IHPDOH�UDWLR�RI�YHQGRUV�VKRZHG�WKDW�ZRPHQ�RXWQXPEHU�PHQ�LQ�PDUNHWV��
Female vendors were involved in every stage of mushroom utilization from collection 
to processing and marketing.  
0XVKURRP�SULFHV�LQ�WKUHH�\HDUV 
7KH�SULFHV�RI�SRSXODU�PXVKURRPV�ZHUH�VLPLODU�LQ�WKH�VL[�VWXGLHG�FRXQWLHV��DQG�WKH�SULFH�
RI� HDFK� VSHFLHV� GLG� QRW� IOXFWXDWH� PXFK� RYHU� WKH� WKUHH� \HDUV� �7DEOH� ���� EXW� D� ODUJH�
IOXFWXDWLRQ� RFFXUUHG� WKURXJKRXW� WKH� VHDVRQ� GXH� WR� WKH� DYDLODEOH� DEXQGDQFH� DQG� DQG�
TXDOLW\� RI� ZLOG� PXVKURRPV�� 2YHUDOO�� WKH� SULFHV� RI� SRSXODU� PXVKURRPV�� 5XVVXOD�
JULVHRFDUQRVD� ;�+�� :DQJ�� =KX� /�� <DQJ� 	� .QXGVHQ�� 7HUPLWRP\FHV� VSS�� �H�J��� 7��
JOREXOXV�� 7�� VWULDWXV�� DQG� 7KHOHSKRUD� JDQEDMXQ� ZHUH� KLJKHU� WKDQ� WKRVH� RI� RWKHU�
PXVKURRP�VSHFLHV��6FKL]RSK\OOXP�FRPPXQH�)U��ZDV�VROG�LQ�D�IHZ�VWDOOV�LQ�HDFK�PDUNHW��
DQG� LWV� SULFH� ZDV� EH� XS� WR� ���� \XDQ�NJ.� ,Q� HDFK� PDUNHW�� YHQGRUV� FDUHIXOO\� SODFHG�
PXVKURRPV�RQ�JUHHQ�EDQDQD�OHDYHV�RU�LQ�SODVWLF�EDJV��EDVNHWV�RU�SODWHV��)LJXUH����ZLWK�
D�FHUWDLQ�ZHLJKW��JHQHUDOO\�����NJ�RU���NJ���ZKLFK�GXH�WR�WKH�DUUDQJHPHQW�DOZD\V�ORRNHG�
EHDXWLIXO�DQG�FOHDQ� 
 
Table 4 Sale prices of frequently bought mushrooms as recorded in 2019 to 2021 

Species Year 2019  Year 2020 Year 2021 

Boletus spp. (porcini group) ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���\XDQ�NJ 

&UDWHUHOOXV�FRUQXFRSLRLGHV ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���\XDQ�NJ 

/DFFDULD�VSS� ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���\XDQ�NJ 

/DFWLIOXXV�SLSHUDWXV ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���\XDQ�NJ 

Lactifluus volemus ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���yuan/kg 

5DPDULD�VSS� ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���\XDQ�NJ 

5XVVXOD�JULVHRFDUQRVD ��í����\XDQ�NJ ��í����\XDQ�NJ ��í����\XDQ�NJ 

5XVVXOD�YLUHVFHQV ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���\XDQ�NJ 



 

�� 
 

6FOHURGHUPD�\XQQDQHQVH ��í���\XDQ�NJ ��í���\XDQ�NJ ��í���yuan/kg 

Termitomyces spp. ��í����\XDQ�NJ ��í����\XDQ�NJ ��í����\XDQ�NJ 

7KHOHSKRUD�JDQEDMXQ ��í����\XDQ�NJ ��í����\XDQ�NJ ��í����\XDQ�NJ 

 

 
)LJ����,Q�HDFK�PDUNHW��YHQGRUV�SODFH�PXVKURRPV�RQ�JUHHQ�EDQDQD�OHDYHV��SODVWLF�EDJV��EDVNHWV�RU�
FDQV�ZLWK�D�GHILQHG�ZHLJKW��XVXDOO\����NJ�RU���NJ���ZKLFK�IDFLOLWDWHV�WKH�VHOOLQJ�SURFHVV� 

 
7ZHQW\�SHUFHQW�RI�YHQGRUV�LQ�PDUNHWV�ZHUH�UDQGRPO\�VHOHFWHG�DV�UHVSRQGHQWV�WR�

DQVZHU�WKH�VHPL�VWUXFWXUHG�LQWHUYLHZV��([FHSW�IRU�EURNHUV��PRVW�FROOHFWRUV�DUH�IDUPHUV�
ZKR�JURZ�WHD�DQG�RWKHU�FURSV�RU�UDLVH�KRJV�DQG�FDWWOH��'XULQJ�WKH�PXVKURRP�VHDVRQ��
WKH\�XVXDOO\�FROOHFW�ZLOG�PXVKURRPV�LQ�WKH�PRXQWDLQV�QHDU�WKHLU�KRPHV�DQG�VHOO�WKHP�
IRU�DQ�H[WUD�LQFRPH������í�����\XDQ�SHU�IDPLO\�SHU�\HDU��DSSUR[LPDWHO\�HTXLYDOHQW�WR�
86'�����WR������IRU�WKHLU�IDPLOLHV��  
7KH�XVH�DQG�SUHSDUDWLRQ�PHWKRGV�RI�:() 
7KH�PDLQ�XVH�RI�ZLOG�PXVKURRPV�LV�IRU�IRRG��DQG�D�IHZ�DUH�PHGLFLQDO�VSHFLHV�XVHG�WR�
PDNH�PHGLFLQDO�OLTXRU��)LJXUH����7DEOH�����7KH�PRVW�FRPPRQ�FRRNLQJ�SUHSDUDWLRQ�ZD\�
DPRQJ�ORFDO�SHRSOH�ZDV�WR�IU\�WKH�PXVKURRPV�ZLWK�IHUPHQWHG�EDPERR�VKRRWV�RU�RWKHU�
ORFDO� YHJHWDEOHV��/DFWLIOXXV�SLSHUDWXV��ZKLFK�KDV� D� VSLF\� WDVWH� LV� FRQVLGHUHG� WR�EH� D�
SHUIHFW�PDWFK�IRU�VRXU�SLFNOHV��7\ORSLOXV�QHRIHOOHXV��LV�DQ�LQWHUHVWLQJ�VSHFLHV�FRQVLGHU�
WR[LF�E\�VRPH�ORFDO�SHRSOH��KRZHYHU�RWKHU�SHRSOH�HQMR\�LWV�ELWWHU�IODYRU��7KH\�IRXQG�D�
FRRNLQJ� PHWKRG� WR� UHPRYH� WR[LF� FRPSRQHQWV�� ZKLFK� ZDV� E\� GU\LQJ� VOLFHV� RI� WKH�
PXVKURRP�DQG�WKHQ�GHHS�IU\LQJ� WKHP��)RU�VSHFLHV�RI�%ROHWDFHDH��ORFDO�SHRSOH�KDG�D�
FRPPRQ� XQGHUVWDQGLQJ� RI� DGGLQJ�PRUH� JDUOLF� DQG� FRRNLQJ� WKHP� IRU� PRUH� WKDQ� ���
PLQXWHV��/LNHZLVH��ORFDO�SHRSOH�VRDN�SHHOHG�6FOHURGHUPD�\XQQDQHQVH�<��:DQJ�IUXLWLQJ�
ERGLHV�RU�VOLFHV�LQ�ZDWHU�RU�VDOLQH�ZDWHU�EHIRUH�FRRNLQJ�WR�UHPRYH�VRPH�FRPSRQHQWV�WR�
DYRLG�DQ\�JDVWURLQWHVWLQDO�XSVHW� 

/RFDO� SHRSOH� VWRUHG�PXVKURRPV�E\�GU\LQJ�� SLFNOLQJ� DQG� IU\LQJ�� EXW� WKH\� HQMR\�
PRUH� WR� HDW� IUHVK� PXVKURRPV�� 6RPH� GU\� PXVKURRPV�� OLNH� %ROHWXV� VSS�� �SRUFLQL���
5XVVXOD�JULVHRFDUQRVD��5XVVXOD�YLUHVFHQV��6FKDHII���)U��DQG�5DPDULD�VSS��ZHUH�XVXDOO\�
VROG�WR�SHRSOH�IURP�RWKHU�FLWLHV� 
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)LJ�� �� 3UHSDUDWLRQ� ZD\� RI� ZLOG� IXQJL�� �D�� 7HUPLWRP\FHV� VRXS�� �E�� 6WLU�IULHG� &DQWKDUHOOXV�
FLQQDEDULQXV�� �F�� +RW� SRW� ZLWK� %ROHWDFHDH�� /DFWDULXV�� /\RSK\OOXP��5XVVXOD� DQG� VRPH� DUWLILFLDO�
FXOWLYDWHG�PXVKURRPV� 
 
7DEOH���/RFDO�SUHIHUUHG�SUHSDUDWLRQV�DQG�VWRUDJH�PHWKRGV�IRU�HGLEOH�PXVKURRPV�  

Species Preparation Note Storage 

Amanita caojizong, A. sinensis Make soup, stir-fry with little 

garlic 

í í 

Boletaceae Fried with garlic and chili (dry 

chili or fresh chili) 

Cooking time must 

be longer 

Slice and dry  

Fry and soak in oil 

Cantharellus spp.  Stir-fried with little garlic í Dry 

Craterellus cornucopioides Stir-fry with garlic and chili  Cooking time is short 

to keep its crisp 

mouthfeel 

í 

Lactifluus piperatus Chop mushrooms, then fry 

with garlic, dry chili and sour 

bamboo shoots or pickles 

í í 

Lactifluus volemus Fry with garlic, chili and meat í í 

Ramaria spp. Fry with garlic, dry chili and 

sour bamboo shoots or pickles 

í Dry  

Russula griseocarnosa Cook with chicken soup í Dry  

Russula virescens Stir-fry with garlic and fresh 

chili 

Cook with meat soup 

í Dry  

Scleroderma yunnanense Slice, fry with garlic and chili Peel and soak in 

water before cooking 

to reduce bitter taste 

Slice and pickle with 

salt 

Termitomyces spp. Make soup 

Fried mushroom oil 

í Fry and soak in oil 

Thelephora ganbajun Fried with garlic, chili and 

bacon 

í í 

Tylopilus neofelleus Dry, slice and deep fry í í 

 
7UDGLWLRQDO�UHFRJQLWLRQ�PHWKRGV�RI�:()�  
7KH�ULFK�YDULHW\�RI�PXVKURRP�VSHFLHV�JDWKHUHG�E\�ORFDO�SHRSOH�GHPRQVWUDWHV�WKDW�WKH\�
KDYH� D� ULFK� WUDGLWLRQDO� NQRZOHGJH��/RFDO�PXVKURRP�QDPHV�GHPRQVWUDWH� D� SDUWLFXODU�
WD[RQRPLF�NQRZOHGJH��$FFRUGLQJ�WR�WKH�FRORU��VKDSH��WDVWH��WH[WXUH��KDELWDW�DQG�VRPH�
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VSHFLDO�IHDWXUHV�RI�PXVKURRPV�RU�HYHQ�ORFDO�OHJHQGV��LQWHUHVWLQJ�DQG�YLYLG�QDPHV�KDYH�
EHHQ�JLYHQ�WR�PXVKURRPV�DQG�SHRSOH�DUH�DEOH�WR�PDNH�D�ORFDO�FODVVLILFDWLRQ�V\VWHP�IRU�
PXVKURRPV� �7DEOH� ���� 6RPHWLPHV�� PXVKURRPV� KDYH� PRUH� WKDQ� RQH� QDPH�� OLNH�
6FOHURGHUPD�\XQQDQHQVH� LV� QDPHG� ³EXEEOH�ZLWK�KRUVH� VNLQ´� LQ�PRVW� DUHDV�RI�3X¶HU�
EHFDXVH�RI� LWV� VKDSH� DQG� WH[WXUH�� EXW�/DKX�SHRSOH� FDOO� LW� ³VRLO� IUXLWV´� EHFDXVH�RI� LWV�
KDELWDW��/DFWLIOXXV�UXJDWXV��6FKDHII���)U��LV�QDPHG�³PLON�FDS�PXVKURRP´�EHFDXVH�RI�WKH�
IOXLG�LW�SURGXFHV��DQG�WKH�QDPHV�³PRQNH\�PXVKURRP´��ORFDO�PRQNH\V�DUH�\HOORZ��DQG�
³VZHHW�\HOORZ�PXVKURRP´�FRPH�IURP�LWV�SLOHXV�FRORU�DQG�WDVWH��([SHULHQFHG�JDWKHUHUV�
KDYH�D�PRUH�LPSUHVVLYH�NQRZOHGJH��6XFK�DV�YDOXDEOH�5XVVXOD�JULVHRFDUQRVD�FRXOG�EH�
GLVWLQJXLVKHG� IURP�RWKHU� VLPLODU� RU� SRLVRQRXV� VSHFLHV� E\� LWV� WKLFN�SLOHXV�� OLJKW�JUH\�
FRQWH[W� DQG� VROLG� VWLSH� �WKH\� XVXDOO\� VTXHH]H� WKH� VWLSH��� $PDQLWD� FDRML]RQJ� DQG�
SRLVRQRXV�$PDQLWD�SVHXGRSRUSK\ULD�+RQJR�DUH�ORFDOO\�GLVWLQJXLVKHG�E\�WKH�VWLSH�VKDSH�
DQG�VPHOO��7KH�NQRZOHGJH�RI�VHOHFWLQJ�PXVKURRPV�KDV�XVXDOO\�SDVVHG�IURP�JHQHUDWLRQ�
WR�JHQHUDWLRQ��0RUHRYHU��VRPH�FROOHFWRUV�KDYH�WKHLU�RZQ�PHQWDO�PDSV�WR�ILQG�VSHFLILF�
SODFHV� ZKHUH� PXVKURRPV�� HVSHFLDOO\� YDOXDEOH� RQHV� DSSHDU� HYHU\� \HDU�� DQG� WKH�
LQIRUPDWLRQ�LV�XVXDOO\�NHSW�ZLWKLQ�WKHLU�IDPLO\�WR�DYRLG�WKH�FROOHFWLRQ�E\�RWKHU�SHRSOH��
ZKLFK�ZRXOG�DIIHFW�WKHLU�IDPLO\�V�LQFRPH��  
 

7DEOH���,QWHUHVWLQJ�ORFDO�QDPH�RI�SRSXODU�FRPPHUFLDO�PXVKURRPV�LQ�PDUNHWV� 
6SHFLHV /RFDO�QDPH��LQ�&KLQHVH� /RFDO�QDPH��LQ�(QJOLVK� 2ULJLQ�RI�QDPH 

$PDQLWD�VLQHQVLV�  哫⇽呑 3RFN�FKLFNHQ &RORU� DQG� SXOYHUXOHQW� WR� IORFFXOHQW�

VTXDPXOHV 

$PDQLWD�FDRML]RQJ 呝㳻㧼 

䵢≤呑夅 

'XFN¶V�HJJ�PXVKURRP 

'HZ�WHUPLWH�PXVKURRP 

6PRRWK�DQG�URXQGHG�SLOHXV 

)UXLWLQJ�WLPH�DQG�WHUPLWH�PXVKURRP�VKDSH 

%ROHWXV�VSS� ⢋㛍㧼�㖺㛍㧼 

㿱䶂 

%HHI��ODPE�OLYHU�PXVKURRP 

7XUQ�WR�JUHHQ�ZKHQ�KDQGV�WRXFK 

3OXPS�IOHVK 

,QGLJR�FRORU�UHDFWLRQ�DIWHU�LQMXU\ 

&DQWKDUHOOXV�VSS� 呑⋩㧼 &KLFNHQ�IDW�PXVKURRP )UXLWLQJ�ERG\¶V�FRORU 

&RUWLQDULXV�WHQXLSHV 哴Ḿネ 1HVW�RI�\HOORZ�PXVKURRP�XQGHU�

WKH�RDN 

&RORU��KDELWDW�DQG�FOXVWHU 

&UDWHUHOOXV�VSS� ஷਝ㧼 7UXPSHW�PXVKURRP 7KH�VKDSH�RI�IUXLWLQJ�ERG\ 

+\GQXP�VSS� 㖺㞞ᐤ *RDW¶V�FKHHN 6RIW�VSLQHV 

/DFFDULD�VSS� 呑ቱ㧼 &KLFNHQ�DVV�PXVKURRP 6KDSH�RI�SLOHXV 

/DFWLIOXXV�SLSHUDWXV 䗓㧼 6SLF\�PXVKURRP 6SLF\�WDVWH 

/DFWLIOXXV�YROHPXV ྦ⍶㧼 0LON�FDS�PXVKURRP 0LON�IORZLQJ�RXW�ZKHQ�FXW 

3DQXV�WLJULQXV ޛᣵḤ (LJKW�ORDGV�RI�ZRRG 7RXJK�WH[WXUH��QHHG�D�ORW�RI�ZRRG�WR�FRRN 

5DPDULD�VSS� ࡧᢺ㧼 %UXVK�PXVKURRP 0XOWLSOH�EUDQFK 

5XVVXOD�JULVHRFDUQRVD བྷ㓒㧼 5HG�PXVKURRP 7KH�FRORU�RI�IUXLWLQJ�ERG\ 

5XVVXOD�QLJULFDQV ⚛⛝㧼 &KDUFRDO�PXVKURRP 7KH�FRORU�RI�IUXLWLQJ�ERG\ 

5XVVXOD�YLUHVFHQV 䶂ཤ㧼 *UHHQ�KHDG�PXVKURRP 7KH�FRORU�RI�IUXLWLQJ�ERG\ 

6FOHURGHUPD�\XQQDQHQVH 傜Ⳟ⌑ +RUVH�VNLQ�EXEEOH 6KDSH�RI�IUXLWLQJ�ERG\ 

7KHOHSKRUD�VSS� ᒢᐤ㧼 -HUN\�PXVKURRP &KHZ\�IOHVK 

7ULFKRORPD�HTXHVWUH 㦎䶒㧼 %XFNZKHDW�PXVKURRP )UXLWLQJ�ERG\¶V�FRORU 

7\ORSLOXV�QHRIHOOHXV 㤖傜㛍 %LWWHU�KRUVH�OLYHU�  %LWWHU�WDVWH�DQG�SOXPS�IOHVK 
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'LVFXVVLRQ 
$�WRWDO�RI�����ZLOG�PXVKURRP�VSHFLHV��YDULHWLHV�DQG�VRPH�XQGHVFULEHG�VSHFLHV�ZHUH�
FROOHFWHG� IURP� PDUNHWV� DQG� QDWXUDO� DUHDV��$SSUR[LPDWHO\� ���� RI� WKH� VSHFLHV� ZHUH�
HFWRP\FRUUKL]DO�� ,Q� WKH�PDUNHWV� IURP� WKH� ��� HGLEOH� VSHFLHV� DERXW� ����ZHUH� (0)�� �
With the develRSPHQW�RI�WUDQVSRUWDWLRQ�LQIUDVWUXFWXUHV��3X¶HU�KDV�EHFRPH�RQH�RI� WKH�
main supply centers of WEF for central Yunnan, and WEF processing industries are 
becoming large-VFDOH��<X�HW�DO��>��@�VXUYH\HG�PDUNHWV�LQ�3X¶HU�IURP������WR������DQG�
reported a sharp decline of WEF production of 43 species, such as Lactifluus volemus, 
Russula griseocarnosa, Termitomyces spp. and Thelephora ganbajun which were 
considered important in Yunnan. In our study, interviews with vendors showed that 
production of these species had declined even more in recent years and they had to 
travel farther to collect them. However, we also found that some mushrooms, that were 
QRW�VR�FRPPRQ�WKHQ��DUH�QRZ�SRSXODU�LQ�3X¶HU�DUHD��VXFK�DV�Cantharellus cinnabarinus, 
Laccaria laccata and Boletus edulis [33]. These species have a high market value and 
high production in the sites sampled in our study. This change might have due to the 
JURZLQJ�P\FRORJLFDO�NQRZOHGJH�RI�3X¶HU�SHRSOH��7KH�LQFUHDVH�RI�PXVKURRP�VSHFLHV�
could reduce the pressure of collection of valuable species to some extent. But local 
people still DFW�FDXWLRXVO\�DQG�HYHQ�UHIXVH�HDWLQJ�VRPH�HGLEOH�PXVKURRPV�WKDW�KDYH�RQO\�
UHFHQWO\�EHFRPH�PDLQVWUHDP�HGLEOHV� In our study, ���JRRG�HGLEOH�VSHFLHV�WKDW�ZH�IRXQG�
LQ�QDWXUH�ZHUH�QRW�VROG�LQ�PDUNHWV��9HU\�WDVW\�VSHFLHV�DV�$PDQLWD�VXEKHPLEDSKD�=KX�/��
<DQJ��<�<��&XL�	�4��&DL��%ROHWXV�YLRODFHRIXVFXV�:�)��&KLX�DQG�/DFFDULD�DPHWK\VWLQD�
&RRNH� KDYH� EHDXWLIXO� FRORU� DQG� JRRG� SURGXFWLRQ� LQ� WKH� IRUHVWV�� EXW� WKH\� ZHUH� QRW�
UHFRUGHG� LQ� WKH� PDUNHWV� PD\EH� GXH� WR� WKH� IDFW� WKDW� WKH\� DUH� SUHIHUUHG� IRU� VHOI�
FRQVXPSWLRQ�UDWKHU�WKDQ�FRPPHUFLDOL]DWLRQ��7KH�XWLOL]DWLRQ�RI�:()�UHVRXUFHV�LQ�3X¶HU�
VWLOO�KDV�JUHDW�SRWHQWLDO�WR�EH�GHYHORSHG��  

$�WRWDO�RI����PDUNHWV�IURP�RQH�PXQLFLSDOLW\�DQG���FRXQWLHV�ZHUH�YLVLWHG�GXULQJ�
WKLV� VWXG\�� 6DOHV� DFWLYLWLHV� RI� ZLOG� PXVKURRPV� FDQ� EH� FDUULHG� RXW� XQLIRUPO\� LQ�
HVWDEOLVKHG� PDUNHWV�� ZKLOH� ORFDO� JRYHUQPHQW� VWUHQJWKHQ� WKH� VDOHV� VXSHUYLVLRQ� RI�
PDUNHWV� WR� PDNH� WKH� VDOH� RI� ZLOG� PXVKURRPV� PRUH� VWDQGDUGL]HG� DQG� UHGXFH� WKH�
SUREDELOLW\�RI�ZLOG�PXVKURRP�SRLVRQLQJ��,Q�HDFK�PDUNHW��WKH�PDOH�WR�IHPDOH�UDWLR�RI�
YHQGRUV�VKRZHG�WKDW�ZRPHQ�RXWQXPEHU�PHQ��It seems that in many regions of the world 
women are often the main collectors [51-53]. But women usually collected mushrooms 
closest to their houses, while men go farther to collect. Therefore, men usually have 
developed a more profound knowledge on the biology, ecology, and phenology of 
mushrooms and were able to identify them, even at a species level. In addition, the age 
of collectors was mainly between 45-65 years old and only few young people were 
involved in mushroom collecting or selling. Traditional knowledge is being lost through 
economic change, modernization, urbanization and even formal education. Therefore, 
further research on ethnomycology is urgent to preserve the current knowledge before 
their lost forever.  

'HVSLWH�WKH�IDFW�WKDW�RSHQ�DLU�PDUNHWV�LQ�VRXWKHDVW�$VLD�DUH�UHOHYDQW�UHVHUYRLUV�RI�
ELRFXOWXUDO�GLYHUVLW\�LQ�VRXWKHDVW�$VLD��WKH\�KDYH�EHHQ�ODUJHO\�XQGHUVWXGLHG��$V�IDU�DV�
XVHIXO� P\FRORJLFDO� UHVRXUFHV� FRQFHUQV�� LW� KDV� EHHQ� VKRZQ� WKDW� WKHVH� PDUNHWV� DUH�
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DGGLWLRQDOO\�DQ�LPSRUWDQW�VRXUFH�RI�WUDGLWLRQDO�NQRZOHGJH�GXH�WR�WKH�IDFW�WKDW�IUHTXHQWO\�
WKH� VHOOHUV� DUH� WKH� FXUUHQW� JDWKHUHUV�� UHFLSLHQWV� RI� DQFHVWUDO�P\FRORJLFDO� NQRZOHGJH��
6RPH� DUHDV� LQ� GLIIHUHQW� SDUWV� RI� VRXWKZHVW� $VLD� KDYH� VKRZQ� WR� KDUERXU� D� JUHDW�
ELRGLYHUVLW\�RI�HGLEOH�PXVKURRPV��)RU�H[DPSOH��LQ� WKH�PDUNHWV�RI�/XDQJ�3UDEDQJ�LQ�
QRUWK�&HQWUDO�/DRV�����VSHFLHV�RI�IXQJL�KDYH�EHHQ�UHSRUWHG�WR�EH�VROG�>��@��,Q�WKLV�DUHD�
D� ODUJH� QXPEHU� RI� UDUH� VSHFLHV� RI� 5XVVXOD�� VRPH� SUREDEO\� QHZ� WR� VFLHQFH�� DUH�
FRPPHUFLDOL]HG� LQ� ORFDO�PDUNHWV��6RPH�RI� WKH�VSHFLHV� UHSRUWHG� IURP�PDUNHWV�RI� WKLV�
UHJLRQ�RI�/DRV�ZHUH�DOVR�UHFRUGHG�WR�EH�VROG�LQ�WKH�3XHU¶V�VWXGLHG�PDUNHWV�LQ�RXU�ZRUN�
LQFOXGLQJ�� $PDQLWD� SULQFHSV�� $XULFXODULD� GHOLFDWD�� %ROHWXV� UHWLFXODWXV�� /DFWLIOXXV�
SLQJXLV��/HQWLQXOD�HGRGHV��/HQWLQXV�VTXDUURVXOXV��0DFURF\EH�JLJDQWHD��5XVVXOD�GHOLFD��
5��YLUHVFHQV��6FKL]RSK\OOXP�FRPPXQH��7HUPLWRP\FHV�IXOLJLQRVXV��7��HXUKL]XV��7��KHLPLL�
DQG�7��PLFURFDUSXV�>��@��5HFHQWO\��D�PRQRJUDSK�RI�WKH�XVHIXO�IXQJL�RI�1RUWKHUQ�/DRV��
LQFOXGLQJ�HGLEOH�DQG�PHGLFLQDO�VSHFLHV�KDV�EHHQ�SXEOLVKHG�>��@��7KHUH�EHLQJ�DOVR�D�ODUJH�
QXPEHU�RI�VSHFLHV�UHSRUWHG�LQ�WKLV�PRQRJUDSK�ZLWK�WKRVH�VROG�LQ�WKH�PDUNHWV�RI�3X¶HU�
LQ� &KLQD�� 7KHVH� LQFOXGH� PHPEHUV� RI� WKH� JHQHUD� $PDQLWD�� $XULFXODULD�� %ROHWXV�
&DQWKDUHOOXV�� &UDWHUHOOXV�� /DFWDULXV�� /DFWLIOXXV�� /HQWLQXV�� /HQWLQXOD�� /\RSK\OOXP��
5DPDULD�� 5XVVXOD�� 7KHOHSKRUD�� 7HUPLWRP\FHV�� 7ULFKRORPD� DQG� 7\ORSLOXV�� PRVW� RI�
ZKLFK�DUH�(0)��7KH�VLWXDWLRQ�RI�WKH�HWKQRP\FRORJLFDO�XQGHUVWXG\�RI�RSHQ�DLU�PDUNHWV�
VHOOLQJ�ZLOG�PXVKURRPV�LV�QRW�H[FOXVLYH�RI�6RXWKHDVW�$VLD��EXW�LW�LV�D�JOREDO�LVVXH��)RU�
H[DPSOH�LQ�7DQ]DQLD������HGLEOH�ZLOG�PXVKURRPV�DUH�FRPPHUFLDOL]HG�LQ����WUDGLWLRQDO�
PDUNHWV�� $PRQJ� WKHP� WKH� JHQHUD� ZLWK� WKH� KLJKHVW� GLYHUVLW\� ZHUH� 7HUPLWRP\FHV��
&DQWKDUHOOXV�DQG�5XVVXOD�ZLWK��������DQG���VSHFLHV��UHVSHFWLYHO\�>��@��,Q�0H[LFR��LQ�
RQH�VLQJOH�PDUNHW�ORFDWHG�LQ�WKH�FHQWUDO�SDUW�RI�WKH�FRXQWU\��FDOOHG�2]XPED�����VSHFLHV�
RI�:()�ZHUH�UHSRUWHG�WR�EH�VROG��,Q�WKLV�PDUNHW��ZLWK�����VWDQGV�VHOOLQJ�:()�PDLQO\�
GXULQJ�-XO\�DQG�$XJXVW������RI�WKH�YHQGRUV�ZHUH�ZRPHQ��DQG�����ZHUH�EHWZHHQ����
WR����\HDUV�ROG�>��@��,Q�VRXWKHDVWHUQ�3RODQG�����HGLEOH�ZLOG�PXVKURRPV�ZHUH�UHFRUGHG�
WR�EH�VROG�>��@��$�VLPLODU�QXPEHU�RI�VSHFLHV��KDYH�EHHQ�UHFRUGHG�WR�EH�VROG�LQ�ZHVWHUQ�
%ODFN�6HD�UHJLRQ�LQ�7XUNH\��ZKHUH����HGLEOH�ZLOG�PXVKURRPV�DUH�FRPPHUFLDOL]HG�LQ�
���ORFDO�PDUNHWV�>��@��,Q�RWKHU�DUHDV��VPDOOHU�QXPEHU�RI�VSHFLHV�KDYH�EHHQ�UHFRUGHG�WR�
EH�VROG�LQ�RSHQ�DLU�PDUNHWV��IRU�H[DPSOH�LQ�$UPHQLD�ORFDWHG�LQ�:HVWHUQ�$VLD��RQO\����
HGLEOH�ZLOG�VSHFLHV�RI�PXVKURRPV�KDYH�EHHQ�UHSRUWHG�WR�EH�FRPPHUFLDOL]HG�>��@��,Q�
IDFW��LQ�JHQHUDO�WKH�RSHQ�DLU�PDUNHWV�FRQVWLWXWH�FXOWXUDO�WUHDVXUHV��ZKLFK�VKRXOG�UHFHLYH�
PRUH�DWWHQWLRQ�LQ�RUGHU�WR�LQFUHDVH�WKH�NQRZOHGJH�DQG�FRVPRYLVLRQ�UHODWHG�ZLWK�WKH�XVH�
RI�ZLOG�PXVKURRPV�DV�D�SDUDPRXQW�ORFDO�VRXUFH�RI�IRRG�DURXQG�WKH�JOREH�� � �  
 

&RQFOXVLRQ 
We recorded a wealth of ethnomycological knowledge through interviews and collected 
abundant wild mushroom samples from local markets and forests in three consecutive 
years. 0XVKURRP� KDUYHVWLQJ� LV� D� FKDOOHQJLQJ� DFWLYLW\� WKDW� UHTXLUHV� D� GHHS� ORFDO�
HQYLURQPHQWDO�NQRZOHGJH�WR�DFKLHYH�VXFFHVV��/RFDO�PXVKURRP�FROOHFWRUV�LQ�3X¶HU�KDYH�
rich experience with the habitats where their WEF proliferate, their fruiting time and 
species identification which comes mainly from the previous generation, as well as 
special cooking and preservation methods. There are established markets, mobile 
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markets and street-VWDOOV�IRU�VHOOLQJ�PXVKURRPV�LQ�3X¶HU�DUHD��,Q�PDUNHWV��PHQ�XVXDOO\�
develop a more profound knowledge on WEF than woman, although the number of 
female vendors is larger than that of male vendors. Our current study provides useful 
GRFXPHQWDWLRQ��ZKLFK�FRQWULEXWHV�WR�SUHVHUYLQJ�HWKQRP\FRORJLFDO�NQRZOHGJH�LQ�3X¶HU�
Prefecture. In addition, the dLYHUVLW\� RI� VSHFLHV� RI� ZLOG� IXQJL�� HVSHFLDOO\�
HFWRP\FRUUKL]DO� IXQJL�� LQ� PDUNHWV� DQG� QDWXUDO� DUHDV� KDYH� EHHQ� XSGDWHG� DQG�
VXSSOHPHQWHG�ZKLFK�KHOSV�XV� WR� UHFRJQL]H�PXVKURRP�VSHFLHV� DFFXUDWHO\� DQG�GHWHFW�
YDOXDEOH�VSHFLHV��/RFDO�SUHIHUHQFH�DQG�DFFHSWDQFH�RI�PRUH�PXVKURRP�VSHFLHV�RI�:()�
PD\� UHGXFH� WKH�SUHVVXUH� WR� FROOHFW� WUDGLWLRQDO� FKRLFH� VSHFLHV��+RZHYHU�� WKH� UDWLRQDO�
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$� QHZ� HGLEOH� 5KL]RSRJRQ� VSHFLHV� IURP� 6RXWKZHVW� &KLQD�� DQG� LWV�

P\FRUUKL]DO�V\QWKHVLV�ZLWK�WZR�QDWLYH�SLQHV 
5DQ�:DQJ�����)X�4LDQJ�<X���-HV~V�3pUH]�0RUHQR���&DUORV�&ROLQDV��� 

 
��*HUPSODVP�%DQN�RI�:LOG�6SHFLHV� LQ�6RXWKZHVWHUQ�&KLQD��<XQQDQ�.H\�/DERUDWRU\� IRU�)XQJDO�
'LYHUVLW\�DQG�*UHHQ�'HYHORSPHQW��.XQPLQJ� ,QVWLWXWH�RI�%RWDQ\��&KLQHVH�$FDGHP\�RI�6FLHQFHV��
����/DQKHL�5RDG��.XQPLQJ��<XQQDQ���������3HRSOH¶V�5HSXEOLF�RI�&KLQD 
��'HSDUWPHQW� RI�&URS� DQG�)RUHVW� 6FLHQFH��8QLYHUVLW\� RI�/OHLGD��$Y��$OFDOGH�5RYLUD�5RXUH�� �����
������/OHLGD��6SDLQ�  
��(GDIRORJtD��&ROHJLR�GH�3RVWJUDGXDGRV��&ROHJLR�GH�3RVWJUDGXDGRV��NP������FDUU��0p[LFR�7H[FRFR��
0RQWHFLOOR��7H[FRFR��HVWDGR�GH�0p[LFR��&3��������0p[LFR 
��)RUHVW�6FLHQFHV�&HQWHU�RI�&DWDORQLD��&7)&���&UWD��6DQW�/ORUHQo�V�Q��6ROVRQD��6SDLQ 
 
3XEOLVKHG��0\FRUUKL]D����� ��±��� 
 
 
 
$EVWUDFW 
 
$� QHZ� 5KL]RSRJRQ� VSHFLHV� DVVRFLDWHG� ZLWK� 3LQXV� ZDV� GLVFRYHUHG� DW� ORFDO� ZLOG�
PXVKURRP�PDUNHWV�DQG�3LQXV�DUPDQGLL�IRUHVWV�IURP�0DUFK�WR�-XO\�LQ�6RXWKZHVW�&KLQD�
ZKHUH�LW�LV�FRQVLGHUHG�D�GHOLFDF\��%DVHG�RQ�PRUSKRORJLFDO�DQG�PROHFXODU�SK\ORJHQHWLF�
DQDO\VHV��WKH�FROOHFWLRQV�ZHUH�GHVFULEHG�DV�5KL]RSRJRQ�VRQJPDRGDQ�VS��QRY��EHORQJLQJ�
WR� WKH� VXEJHQXV� 9HUVLFRORUHV. 7KH� QHZ� VSHFLHV� GHVFULEHG� KHUH� LQFUHDVHV� WKH� FXUUHQW�
QXPEHU� RI�5KL]RSRJRQ� VSHFLHV� NQRZQ� LQ� &KLQD� WR� WHQ��5�� VRQJPDRGDQ� HVWDEOLVKHV�
HFWRP\FRUUKL]DO� DVVRFLDWLRQV� ZLWK�3�� DUPDQGLL� ZKLFK� ZDV� FRQILUPHG� E\� FRPSDULQJ�
U'1$� ,76� VHTXHQFHV� IURP� EDVLGLRPDWD� DQG� HFWRP\FRUUKL]DO� URRW� WLSV��0\FRUUKL]DO�
V\QWKHVLV�YLD�VSRUH�LQRFXODWLRQ�EHWZHHQ�5��VRQJPDRGDQ�DQG�WZR�QDWLYH�SLQH�VSHFLHV��
3LQXV�DUPDQGLL�DQG�3��\XQQDQHQVLV�ZDV�VXFFHVVIXOO\�FDUULHG�RXW�LQ�D�JUHHQKRXVH�VWXG\��
7he ease of R. songmaodan inoculation onto pine species, and the high market demand 
of its sporocarps, could make R. songmaodan a good candidate for cultivation in 
Southwest China. 
.H\� ZRUGV� +\SRJHRXV� EDVLGLRP\FRWD�� (GLEOH� IXQJL�� 0RUSKRORJ\�� 3K\ORJHQ\��
7D[RQRP\��(FWRP\FRUUKL]DH� �  
 
,QWURGXFWLRQ 
 
7KH�JHQXV�5KL]RSRJRQ�)U��	�1RUGKROP��%DVLGLRP\FRWD��%ROHWDOHV��5KL]RSRJRQDFHDH��
FRQWDLQV� DSSUR[LPDWHO\� ���� VSHFLHV� RI� K\SRJHRXV� IXQJL� �KWWS���ZZZ�,QGH[�
IXQJRUXP�RUJ�QDPHV�QDPHV�DVS��� %HFDXVH� RI� WKH� GLIILFXOW\� LQ� ILQGLQJ� K\SRJHRXV�
VSRURFDUSV��XS�WR�QRZ�RQO\�QLQH�5KL]RSRJRQ�VSHFLHV�KDYH�EHHQ�UHSRUWHG�IURP�&KLQD 
(Liu 1985; Tao and Chang 1988; Yu and Liu 2005; Dai and Yang 2008; Dai et al. 2010; 



 

�� 
 

Shao et al. 2013; Li et al. 2016)�� )XQJL� LQ� WKH� JHQXV� 5KL]RSRJRQ� HVWDEOLVK�
HFWRP\FRUUKL]DO�DVVRFLDWLRQV�ZLWK�3LQDFHDH��VSHFLILFDOO\�3LQXV�DQG�3VHXGRWVXJD� DQG�
SOD\�DQ�LPSRUWDQW�HFRORJLFDO�UROH�LQ�WKHVH�IRUHVW�HFRV\VWHPV��0ROLQD�HW�DO���������  

$OO�5KL]RSRJRQ�VSHFLHV�IRUP�³WUXIIOH�OLNH´�K\SRJHRXV�EDVLGLRPDWD��6PLWK�HW�DO��
�������7KH\�DUH�SRSXODU�HGLEOH�IXQJL�DW�ZLOG�PXVKURRP�PDUNHWV�LQ�6RXWKZHVW�&KLQD��
HVSHFLDOO\�<XQQDQ�DQG�6LFKXDQ�SURYLQFHV��ZLWK�GLIIHUHQW�ORFDO�QDPHV��VXFK�DV�³ML\DR]L´�
�FKLFNHQ¶V� NLGQH\��� ³EXJXMXQ´� �FXFNRR�PXVKURRP�� DQG� ³VRQJPDRGDQ´� �HJJ� LQ� SLQH�
QHHGOHV���5��ML\DR]L�/��/L�	�6KX�+��/L�LV�WKH�PRVW�SRSXODU�HGLEOH�VSHFLHV�RI�5KL]RSRJRQ�
LQ�<XQQDQ�DQG�6LFKXDQ��/L�HW�DO��������ZKHUH�LW�JURZV�DQG�LV�PDUNHWHG�IURP�$XJXVW�WR�
2FWREHU�HDFK�\HDU��,W�ZDV�PLVLGHQWLILHG�DV�5��URVHROXV�LQ�WKH�SDVW��<X�DQG�/LX��������
EXW�GHVFULEHG�DV�D�QRYHO�VSHFLHV�E\�/L�HW�DO���������IURP�<XQQDQ�DQG�6LFKXDQ�SURYLQFHV�
EDVHG� RQ� PRUSKRORJLFDO� DQG� PROHFXODU� SK\ORJHQHWLF� DQDO\VHV�� In Kunming region, 
Yunnan Province, RQH�VSHFLHV�RI�5KL]RSRJRQ�ZLWK�ZKLWH�WR�WDZQ\�SHULGLXP�LV�SRSXODU�
DQG� DSSHDUV� LQ� UHVWDXUDQWV� DQG� ORFDO� PDUNHWV� LQ� HDUO\� 0DUFK�� /RFDO� SHRSOH� FDOO� LW�
³VRQJPDRGDQ´�EHFDXVH�LW�LV�HJJ�OLNH�DQG�FRYHUHG�E\�SLQH�QHHGOHV��)URP�0DUFK�WR�-XO\��
�����DQG�LQ�0D\��������VHYHUDO�5��VRQJPDRGDQ�IUXLWLQJ�ERGLHV�ZHUH�SXUFKDVHG�LQ�ORFDO�
PXVKURRP�PDUNHWV�DQG�FROOHFWHG�LQ�IRUHVWV�RI�3LQXV�DUPDQGLL�LQ�<XQQDQ�DQG�6LFKXDQ�
SURYLQFHV��0RUSKRORJLFDO�DQG�PROHFXODU�SK\ORJHQHWLF�DQDO\VHV�VKRZHG�WKH�FROOHFWLRQV�
EHORQJHG� WR� D� QHZ� VSHFLHV� WKDW� KDG� QRW� EHHQ� VFLHQWLILFDOO\� GHVFULEHG� EHIRUH�� ,W�ZDV�
QDPHG�DV�5KL]RSRJRQ�VRQJPDRGDQ�VS��QRY���EHORQJLQJ�WR�WKH�VXEJHQXV�9HUVLFRORUHV��
,WV�UHODWLRQVKLSV�ZLWK�RWKHU�5KL]RSRJRQ�VSHFLHV�ZHUH�GLVFXVVHG� 

'LIIHUHQW�VSHFLHV�RI�5KL]RSRJRQ� LQFOXGLQJ�5��IODYLGXV��5��ML\DR]L��5��OXWHROXV�5��
SLFHXV��5��URVHROXV��5��UXEHVFHQV�DQG�5��VLQRDOELGXV�KDYH�EHHQ�UHSRUWHG�WR�EH�FRQVXPHG�
LQ�&KLQD��1HSDO��5XVVLD��7XUNH\��8UXJXD\��%RD�������/L�HW�DO��������:DQJ�HW�DO���������
+RZHYHU��WKH�FXOWLYDWLRQ�RI�5KL]RSRJRQ�VSHFLHV�ZRUOGZLGH�KDV�UDUHO\�EHHQ�UHSRUWHG��
ZLWK�VRPH�LQLWLDO�VXFFHVV�RI�5��URVHROXV�LQ�-DSDQ�DQG�1HZ�=HDODQG��<DPDGD�HW�DO��������
:DQJ�HW�DO��������:DQJ�HW�DO���������,Q�&KLQD��5KL]RSRJRQ�LV�UHJDUGHG�DV�D�SURPLVLQJ�
VSHFLHV�IRU�DIIRUHVWDWLRQ��7KH�P\FRUUKL]DO�V\QWKHVLV�RI�5��OXWHRXV��5��URVHROXV�DQG�5��
VXSHULRUHQVLV�ZLWK� &KLQHVH� LQGLJHQRXV� SLQHV� KDV� EHHQ� VWXGLHG�� EXW� WKH�P\FRUUKL]DO�
FRORQL]DWLRQ�UDWH�REWDLQHG�LQ�WKRVH�VWXGLHV�ZDV�UDWKHU�OLPLWHG��/L�������6KDR�������:X�
�������$V�WKH�HDUOLHVW�ZLOG�HGLEOH�PXVKURRP��5��VRQJPDRGDQ�LV�VROG�IRU�86���í��NJí��
HDUO\� LQ� WKH� VHDVRQ�� ZKLFK� PDNHV� LW� DQ� DWWUDFWLYH� FDQGLGDWH� IRU� FXOWLYDWLRQ�� 6XFK�
FXOWLYDWLRQ�ZRXOG�GHSHQG�RQ�WKH�DELOLW\�WR�PDVV�LQRFXODWH�VHHGOLQJV�LQ�IRUHVW�QXUVHULHV��
VXFFHVVIXOO\� RXWSODQW� LQRFXODWHG� VHHGOLQJV� LQWR� IRUHVW� VHWWLQJV�� DQG� PDLQWDLQ� WKH�
HFWRP\FRUUKL]DO�V\PELRVLV�ZLWK�5��VRQJPDRGDQ�XQWLO�VSRURFDUSV�DUH�IRUPHG��7KH�JRDO�
RI�WKLV�VWXG\�LV�WR�H[DPLQH�WKH�IHDVLELOLW\�RI�LQRFXODWLQJ�VHHGOLQJV�RI�WZR�3LQXV�VSHFLHV��
3LQXV� DUPDQGLL� DQG�3�� \XQQDQHQVLV� �WKH�PDLQ� IRUHVW� DQG� HFRQRPLF� WUHHV� LQ�<XQQDQ�
SURYLQFH��ZLWK�VSRUHV�RI�5��VRQJPDRGDQ�LQ�WKH�JUHHQKRXVH��,I�VXFFHVVIXO��WKH�SURFHGXUH�
FRXOG� EH� VFDOHG� XS� WR� LQRFXODWH� VHYHUDO� KXQGUHGV� RI� VHHGOLQJV� IRU� D� IROORZ� XS� ILHOG�
H[SHULPHQW�DV�SDUW�RI�D�FRPPHUFLDOL]DWLRQ�SURFHVV� 

 
0DWHULDO�DQG�PHWKRG 
 
0RUSKRORJLFDO�H[DPLQDWLRQ 



 

�� 
 

,Q� ������ WKUHH� FROOHFWLRQV� RI� 5KL]RSRJRQ� VRQJPDRGDQ� VSRURFDUS� �+.$6� ��������
�������� �������� ZHUH� SXUFKDVHG� IURP� PDUNHWV� LQ� 6RQJPLQJ� FRXQW\� DQG�$]L\LQJ�
YLOODJH�QHDU�.XQPLQJ�FLW\��<XQQDQ�3URYLQFH��7KUHH�FROOHFWLRQV��+.$6�����������������
�������� IURP� D� QDWLYH�3LQXV� DUPDQGLL� IRUHVW� DW�$L]L\LQJ� YLOODJH� ZHUH� REWDLQHG� E\�
raking needles or soil gently�� ,Q�������RQH�FROOHFWLRQ� �+.$6���������ZDV�REWDLQHG�
IURP� 3�� DUPDQGLL� IRUHVW� LQ� 'XJH� YLOODJH�� +XLGRQJ� FRXQW\�� 6LFKXDQ� 3URYLQFH��$OO�
FROOHFWLRQV� ZHUH� GHSRVLWHG� LQ� WKH�Herbarium of Cryptogams, Kunming Institute of 
Botany, Chinese Academy of Sciences (HKAS). MicrRVFRSLF� FKDUDFWHULVWLFV� ZHUH�
GHVFULEHG�IURP�IUHVK�VSHFLPHQV��'ULHG�VDPSOHV�ZHUH�VHFWLRQHG�ZLWK�D�UD]RU�EODGH�E\�
KDQG�� PRXQWHG� LQ� ��� .2+� VROXWLRQ�� DQG� WKHQ� VWDLQHG� ZLWK� 0HO]HU¶V� UHDJHQW�� 7KH�
VHFWLRQV�ZHUH�H[DPLQHG�XQGHU�D�FRPSRXQG�OLJKW�PLFURVFRSH��/HLFD�'0�������  

2QH�FROOHFWLRQ�RI�HFWRP\FRUUKL]D�ZDV�DOVR�FROOHFWHG� IURP�3��DUPDQGLL� IRUHVW�DW�
$]L\LQJ�YLOODJH�LQ�������7KUHH�VRLO�FRUHV�����î����FP�ZLWK�D�GHSWK�RI����FP��EHQHDWK�
5��VRQJPDRGDQ�IUXLWLQJ�ERGLHV�ZHUH�FROOHFWHG�IROORZLQJ�$JHUHU��������DQG�*DUGHV�DQG�
%UXQV� �������� )URP� HDFK� VRLO� VDPSOH�� ILQH� URRWV� ZHUH� VHSDUDWHG� XQGHU� WKH�
VWHUHRPLFURVFRSH� �/HLFD� 6�$3��� LQ� RUGHU� WR� VHOHFW�� SKRWRJUDSK�� DQG� FKDUDFWHUL]H�
PRUSKRW\SHV�PDFURVFRSLFDOO\��$JHUHU�����±�������  

 
DNA extraction, PCR amplification and sequencing 
 
'1$�RI�EDVLGLRPDWD�DQG�HFWRP\FRUUKL]DO��(&0��WLSV�ZHUH�H[WUDFWHG�XVLQJ�$LGODE��
NLW��%HLMLQJ���7KH�LQWHUQDO�WUDQVFULEHG�VSDFHU��,76��UHJLRQ�RI�WKH�ULERVRPDO�'1$�ZDV�
DPSOLILHG� IURP�'1$�H[WUDFWV� XVLQJ� WKH� ,76�)�,76��SULPHU�SDLU� �:KLWH� HW� DO�� ������
*DUGHV�DQG�%UXQV��������(DFK����ȝ/�3&5�PL[WXUH�FRQVLVWHG�RI�����ȝ/����î�3&5�EXIIHU�
�0J����� ����ȝ/�G173V� ���P0��� �� ȝ/�%6$� �������� �� ȝ/�HDFK�SULPHU� ��� ȝ0��� ��ȝ/�
��íIROG�GLOXWHG�'1$�H[WUDFWV��REWDLQHG�IROORZLQJ�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQ�������
ȝ/�0J&O������P0���DQG�����8�7DT�'1$�SRO\PHUDVH��7DNDUD��7DNDUD�%LRWHFKQRORJ\��
'DOLDQ�&R��/WG��&KLQD���7KH�DPSOLILFDWLRQV�ZHUH�SHUIRUPHG�ZLWK�WKH�IROORZLQJ�F\FOLQJ�
SDUDPHWHUV������&�IRU���PLQ��IROORZHG�E\����F\FOHV�RI�����&�IRU���PLQ������&�IRU���PLQ��
DQG�����&�IRU���PLQ��DQG�ZLWK�D�ILQDO�H[WHQVLRQ�DW�����&�IRU����PLQ��7KUHH�PLFUROLWHUV�
RI�HDFK�3&5�SURGXFW�ZHUH� UXQ�RQ�����Z�Y��DJDURVH�JHOV�DQG�VWDLQHG�ZLWK�HWKLGLXP�
EURPLGH�� 7KH� 3&5� SURGXFWV� ZHUH� SXULILHG� DQG� VHTXHQFHG� IRUZDUG� DQG� UHYHUVH�
VHTXHQFHV�DW�7VLQJ.H�%LRORJLFDO�7HFKQRORJ\��.XQPLQJ��&KLQD��XVLQJ�,76�)�DQG�,76��
SULPHUV��6HTXHQFHV�ZHUH�HGLWHG�PDQXDOO\�XVLQJ�6HTXHQFKHU���������*HQH�&RGHV��86$��
DQG�TXHULHG�DJDLQVW�WKH�1&%,�SXEOLF�GDWDEDVH�*HQ%DQN�ZLWK�WKH�%/$67Q�DOJRULWKP�
IRU�LGHQWLILFDWLRQ��6HTXHQFHV�JHQHUDWHG�LQ�WKLV�VWXG\�KDYH�EHHQ�GHSRVLWHG�LQ�*HQ%DQN�
�7DEOH����� 
 
7DEOH��Materials used for molecular analyses 

Species name Voucher Origin GenBank No. of 

ITS 

References 

R. songmaodan Natural ECM of Pinus armandii Yunnan, China MN846303 This study 

R. songmaodan Synthesized ECM of Pinus 

armandii 

Yunnan, China MN846304 This study 



 

�� 
 

R. songmaodan Synthesized ECM of Pinus 

armandii 

Yunnan, China MN846305 This study 

R. albidus A. H. Smith AHS 69642 USA AM085519 From GenBank 

R. boninensis S. Ito & S. Imai .30�1&������ Japan MK395372 From GenBank 

R. buenoi Calonge & M.P. 

Martín 

47676 Spain AJ297263 From GenBank 

R. burlinghamii A. H. Smith JMT 17882 California, USA AF058303 Grubisha et al. 

(2002) 

R. colossus A. H. Smith AHS 49480 Oregon, USA AH071441 Grubisha et al. 

(2002) 

R. ellenae A. H. Smith AHS 66137 Idaho, USA AH071445 Grubisha et al. 

(2002) 

R. evadens A. H. Smith AHS 65484 Oregon, USA AF062927 Grubisha et al. 

(2002) 

R. evadens A. H. Smith OSC 62146 USA KT968587 From GenBank 

R. evadens A. H. Smith GO-2009-323 Mexico KC152182 From GenBank 

R. evadens A. H. Smith GO-2009-164 Mexico KJ595006 From GenBank 

R. hawkerae A. H. Smith AHS 68417 Washington, USA AH071447 Grubisha et al. 

(2002) 

R. jiyaozi Lin Li & Shu H. Li  YAASL2335 China KP893823 Li et al (2016) 

R. jiyaozi Lin Li & Shu H. Li  YAASL2929 China KP893830 Li et al (2016) 

R. flavidus Lin Li & Shu H. Li  YAASL2957 China KP893813 Li et al (2016) 

R. flavidus Lin Li & Shu H. Li  YAASL2956 China KP893814 Li et al (2016) 

R. luteolus Fr JMT 22516 Uppsala, Sweden AF062936 Grubisha et al. 

(2002) 

R. nigrescens Coker & Couch NAMA 2015-326 USA MH910566 From GenBank 

R. ochraceorubens A. H. 

Smith 

AHS 59643 Idaho, USA AF062928 Grubisha et al. 

(2002) 

R. occidentalis Zeller & 

Dodge 

JMT 17564 Oregon, USA 

AF058305 

Grubisha et al. 

(2002) 

R. ochraceisporus A. H. Smith AHS 65963 Idaho, USA AF071439 Grubisha et al. 

(2002) 

R. odoratus A. H. Smith AHS 71319 USA AM085526 From GenBank 

R. rocabrunae M.P. Martín 17067 Spain JF908761 From GenBank 

R. roseolus Corda isolate T1PK2 Latvia JX907816 Klavina et al. (2013) 

R. sinoalbidus Lin Li & Shu H. 

Li  

YAASL2944 China KP893816 Li et al (2016) 

R. sinoalbidus Lin Li & Shu H. 

Li  

YAASL2949 China KP893820 Li et al (2016) 

R. songmaodan HKAS 106767 

(Holotype) 

Yunnan, China MN655983 This study 

R. songmaodan HKAS 106766 Yunnan, China MN655982 This study 

R. songmaodan HKAS 106765 Yunnan, China MN655981 This study 

R. songmaodan HKAS 106768 Yunnan, China MN655984 This study 
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R. songmaodan HKAS 106769 Yunnan, China MN655986 This study 

R. songmaodan HKAS 106770 Yunnan, China MN655985 This study 

R. songmaodan HKAS 107628 Sichuan, China MT821479 This study 

R. subaustralis A. H. Smith MES-798 USA MH878759 From GenBank 

R. subsalmonius A. H. Smith JMT 17218 Oregon, USA AF062938 Grubisha et al. 

(2002) 

R. subpurpurascens A. H. 

Smith 

AHS 65669 Idaho, USA AF062929 Grubisha et al. 

(2002) 

R. succosus A. H. Smith JMT 19321 West Virginia, 

USA 

AF062933 Grubisha et al. 

(2002) 

R. vulgaris (Vitt.) M. Lange JMT19154 USA AF062934 Grubisha et al. 

(2002) 

 
Phylogenetic analyses 
 
7R� LQIHU� WKH� SK\ORJHQHWLF� SODFHPHQW� RI� 5KL]RSRJRQ� VRQJPDRGDQ� ZLWKLQ� WKH� JHQXV�
5KL]RSRJRQ�� ,76� VHTXHQFHV� UHWULHYHG� IURP� WKH� 5KL]RSRJRQ� VHTXHQFH� GDWDVHW� RI�
*UXELVKD��7UDSSH��0ROLQD��DQG�6SDWDIRUD���������*HQ%DQN�DQG�REWDLQHG�E\�XV�LQ�WKLV�
VWXG\�DUH�OLVWHG�LQ�7DEOH����$�WRWDO�RI����,76�VHTXHQFHV�LQFOXGLQJ����QHZO\�JHQHUDWHG�LQ�
WKLV�VWXG\�DQG����UHWULHYHG�IURP�*HQ%DQN�IRUPHG�WKH�GDWDVHW��5��EXHQRL��$-�������DQG�
5��ERQLQHQVLV��0.��������ZHUH�FKRVHQ�DV�WKH�RXWJURXS� 

6HTXHQFHV�ZHUH� HGLWHG� DQG� DVVHPEOHG�XVLQJ� 6HTXHQFKHU�������� �*HQH�&RGHV��
86$���$OLJQPHQW�RI�QXFOHRWLGH�VHTXHQFHV�ZDV�SHUIRUPHG�E\�0$))7�Y������.DWRK�HW�
DO���������6HTXHQFHV�ZHUH�DGMXVWHG�PDQXDOO\�XVLQJ�%LR(GLW��������0D[LPXP�OLNHOLKRRG�
�0/��SK\ORJHQHWLF�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�0(*$������7DPXUD�HW�DO��������ZLWK�
���� ERRWVWUDS� UHSOLFDWHV� IROORZLQJ� WKH� 0/� KHXULVWLF� PHWKRG� QHDUHVW� QHLJKERU�
LQWHUFKDQJH��11,���%RRWVWUDS�YDOXHV��%6��������ZDV�FRQVLGHUHG�VLJQLILFDQW� 

 
0\FRUUKL]DO�V\QWKHVLV�ZLWK�SLQH 
 
6HHGV�RI�3LQXV�DUPDQGLL�DQG�3��\XQQDQHQVLV�ZHUH�REWDLQHG�IURP�'RXQDQ�IORZHU�PDUNHW��
.XQPLQJ��<XQQDQ��7KH\�ZHUH�VXUIDFH�VWHULOL]HG�ZLWK������K\GURJHQ�SHUR[LGH�GXULQJ���
PLQ� IRU�3�� \XQQDQHQVLV� DQG� ���PLQ� IRU�3�� DUPDQGLL�� DQG� WKHQ� ULQVHG� WKRURXJKO\� LQ�
GLVWLOOHG�ZDWHU��7KH\�ZHUH�JHUPLQDWHG�RQ�D�PL[WXUH�RI�SHUOLWH�DQG�SHDW� �������9��9���
SUHYLRXVO\��DXWRFODYHG�DW������&�IRU�RQH�KRXU��6XEVWUDWH�IRU�LQRFXODWLRQ�ZDV�PDGH�RI�
YHUPLFXOLWH��SHDW��SHUOLWH�����������9��9���+XDQJ��XQSXEOLVKHG���6SRUH�VOXUU\�ZDV�PDGH�
IURP�GULHG�EDVLGLRPDWD�ZKLFK�ZHUH�VRDNHG�LQ�GLVWLOOHG�ZDWHU�IRU����K�DW����&�DQG�WKHQ�
KRPRJHQL]HG�ZLWK�D�EOHQGHU��6HHGOLQJV�ZHUH�ULQVHG�LQ�WDS�ZDWHU�WR�UHPRYH�UHPDLQLQJ�
VXEVWUDWH�DQG�URRWV�ZHUH�NHSW�PRLVWHQHG�XQWLO� LQRFXODWLRQ��)LYH�VHHGOLQJV�HDFK�RI�3��
DUPDQGLL�DQG�3��\XQQDQHQVLV�ZHUH�LQRFXODWHG�ZLWK�5��VRQJPDRGDQ�VSRUH�VOXUU\��(DFK�
VHHGOLQJ�WUHH�UHFHLYHG�����î����VSRUHV��7HQ�PLOOLOLWHUV�RI�VSRUH�VOXUU\�ZHUH�GLVWULEXWHG�
ZLWK�D�SLSHWWH�DURXQG�WKH�WKLUG�XSSHU�]RQH�RI�WKH�URRW�V\VWHP�RI�HDFK�VHHGOLQJ��&RQWURO��
XQLQRFXODWHG�VHHGOLQJV�UHFHLYHG����P/�RI�GLVWLOOHG�ZDWHU��7KH�LQRFXODWHG�VHHGOLQJV�ZHUH�
NHSW�LQ�����P/�VTXDUH�SODVWLF�FRQWDLQHUV��³ROLYH�SRWV´��'DOWRQV�/WG���1HZ�=HDODQG��DQG�



 

�� 
 

grown under natural light in a greenhouse on the Kunming Institute of Botany (KIB) 
campus for four months (Shi 2004)��$OO�FRQWDLQHUV�ZHUH�DUUDQJHG�LQ�JURXSV�UDWKHU�WKDQ�
XVLQJ� D� UDQGRPL]HG� DUUDQJHPHQW�� (DFK� JURXS� FRQVLVWHG� RI� D� JLYHQ� SLQH� VSHFLHV�
LQRFXODWHG� RU� QRW� ZLWK� 5�� VRQJPDRGDQ�� ��� VHHGOLQJV� GLVWULEXWHG� LQ� WZR� URZV� �RQH�
LQRFXODWHG��RQH�XQLQRFXODWHG��RI�ILYH�VHHGOLQJV��:KLOH�WKLV�DUUDQJHPHQW�LV�JHQHUDOO\�QRW�
D�JRRG�SUDFWLFH��+XUOEHUW��������LW�ZDV�IHOW�WKDW�SUDFWLFDO�QHFHVVLW\�RXWZHLJKHG�SRVVLEOH�
VSDWLDO�WUHQGV��VLQFH�FRQGLWLRQV�ZLWKLQ�WKH�DUHD�RI�RQO\§�����P��ZKHUH�VHHGOLQJV�JUHZ�
ZHUH�IDLUO\�KRPRJHQHRXV��:DQJ��������Seedlings were watered to reach field capacity 
with tap water three times a week. 
 
5HVXOWV 
 
Taxonomy 
 
Rhizopogon songmaodan R. Wang & Fu Q. Yu sp. nov. Fig. 1 
MycoBank MB 833899 
Etymology: From Chinese songmaodan referring to the local name of the fungus 
(song=pine; mao=litter; dan=egg), which describes the habitat host tree and the egg-
like shape of the mushrooms. 
Type: CHINA, Yunnan Province, Kunming, Aziying Village, in forest of Pinus 
armandii Franch., 25.3866 ºN, 102.8839 ºE, alt. 2,710 m, April 13, 2019, razy-236 
(HKAS 106767). 

Description: Basidiomata subglobose to irregular, slightly soft to rubbery, 1±5 cm 
× 1±4 cm globose, White when fresh, becoming reddish, then yellowish to brown when 
bruised. Odor QRW� GLVWLQFWLYH. White rhizomorphs were not abundant, mainly 
FRQFHQWUDWHG�RQ�WKH�EDVH�RI�VSRURFDUS��3HULGLXP�XS�WR�����ȝP��ZLWK�\HOORZLVK-ocher 
pigments,�EHFRPLQJ�URVH�SLQN�ZKHQ�FXW� made of hyaline interwoven hyphae (3-��ȝP�
wide), septate and unbranched. Gleba white when immature, becoming yellowish to 
yellowish brown at maturity;� FKDPEHUV� VPDOO�� QXPHURXV�� ODE\ULQWKLQH�� FRQVLVWHG� RI�
LQWHUZRYHQ�K\DOLQH�K\SKDH��ILQDOO\�JHODWLQL]HG. Basidiospores narrowly oblong to ovoid, 
VPRRWK�� ���í���� �í�����î����í����ȝP��QRQ-DP\ORLG� LQ�0HO]HUތV� UHDJHQW��%DVLGLD� �-
VSRUHG�����í�����î����í��ȝP��F\OLQGULF�WR�FODYDWH��%UDFK\EDVLGLROHV���í�����î����í����
ȝP��HOOLSVRLG�WR�FODYDWH��7UDPD�SODWH�LV�FRPSRVHG�RI�OD[O\�LQWHUZRYHQ�K\SKDH�����-6 
ȝP�GLDP���KLJKO\�JHODWLQRXV-refractive, septate, thin-walled and not branched. 

CKHPLFDO�UHDFWLRQV, yellowish brown becoming dark brown immediately with 5 % 
KOH on dried peridium. 

Habit, Habitat: on soil under trees of pine. 
Distribution: Currently known from Yunnan and Sichuan provinces, Southwest 

China.  
Additional specimen examined: CHINA, Yunnan Province: Kunming City, 

Aziying Village, in forest of Pinus armandii Franch., 25.3855 ºN, 102.8846 ºE, alt. 
2,642 m, April 13, 2019, razy-237 (HKAS 106768); 25.3918 ºN, 102.8963 ºE, alt. 2,634 
m, July 6, 2019, razy-252 (HKAS 106770). CHINA, Sichuan Province: Liangshan Yi 
Autonomous Prefecture, Huidong County, Duge Village, in forest of Pinus armandii 

http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E8%BF%B7%E8%B7%AF%E7%8A%B6
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Franch., 26.72640815 ºN 102.66346161 ºE, alt. 2338 m, May, 25, 2020, rsc-315 
(HKAS 107628).  

Other collections: razy-234 (HKAS 106765), rsm-235 (HKAS 106766) and razy-
306 (HKAS 106769) were purchased from markets, Aziying Village, Songming County, 
Kunming City, Yunnan Province, CHINA in 2019.  

(FWRP\FRUUKL]D�PA-1 (GenBank Acc. No.: MN846303) was collected from Pinus 
armandii forest at Aziying village in 2019. (FWRP\FRUUKL]D PA-2 (GenBank Acc. No.: 
MN846304) and PY (GenBank Acc. No.: MN846305) were synthesized in a 
greenhouse in KIB.  

 
Phylogenetic analyses 
 
ITS sequences from seven Rhizopogon basidiomata sampled in the market and in 
nearby P. armandii forests and those of ECM roots from P. armandii forests collected 
in the same natural forest or synthesized in greenhouse were identical (nucleotide 
similarity=100%). All samples of R. songmaodan are grouped together to form a 
monophyletic group. This clade was placed in the subgenus Versicolores (Fig. 2) and 
was clearly separated from other groups. The phylogenetic analysis shows that R. 
songmaodan is distinct from any of the previously known species in the genus 
Rhizopogon. 

 

 
Fig. 1 Rhizopogon songmaodan. a Basidiomata sold at markets. b, c Basidiomata collected from 
Pinus armandii forest. d, e Cross section of peridium. f Cross section of gleba. g &URVV�VHFWLRQ�RI�
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LUUHJXODU�DQG�VLQXRXV�JOHEDO�FKDPEHUV. h, i Basidiospores. j &ODYDWH�WR�F\OLQGULFDO brachybasidioles 
(arrow). k, l Basidia (thick arrow) and spores (thin arrow). m Hymenium showing cystidia. Bars b, 
c 2 cm; d, e 50 ȝm; f 2 mm; g 100 ȝm; h 10 ȝm; i 3 ȝm and j-m 20 ȝm. 
 

 
Fig. 2 Phylogenetic relationships among Rhizopogon songmaodan basidiomata, HFWRP\FRUUKL]DO�
URRW�WLSV (ECM) VDPSOHG�HLWKHU�LQ�WKH�IRUHVW�RU�V\QWKHVL]HG�ZLWK�3LQXV�\XQQDQHQVLV�RU�3��DUPDQGLL�
LQ�JUHHQKRXVH�DQG�RWKHU�VSHFLHV�LQFOXGHG�LQ�VXEJHQHUD�RI�WKH�JHQXV�5KL]RSRJRQ�EDVHG�RQ�WKHLU�,76�
U'1$� VHTXHQFHV�� 7KH� WRSRORJLHV� RI� PD[LPXP� OLNHOLKRRG� �0/�� LV� VKRZQ� DORQJ� ZLWK� ERRWVWUDS�
YDOXHV����� 
 
(FWRP\FRUUKL]DH 
 
The ECM root tips from P. armandii forest (Fig. 3) were whitish when young and 
brown with age. Four months after inoculation in the greenhouse (November 2019), 
combinations of R. songmaodan with P. armandii and those with P. yunnanensis 
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formed ectomycorrhizae on all of the five replicates of the inoculated seedlings, 
respectively (Fig. 3d, f). No ectomycorrhiza was detected in any of the control seedlings. 
The mycorrhizae were monopodial or dichotomously branched and complex, coralloid. 
Rhizomorphs were abundant, white, cotton-wool like with abundant external mycelium. 
The mantle surface was woolly with abundant emanating hyphae. The V\QWKHVL]HG�
P\FRUUKL]DH�ZHUH�PRUSKRORJLFDOO\��)LJ���E��DQG�PROHFXODUO\��)LJ�����LGHQWLFDO�WR�WKRVH�
VDPSOHG�LQ�WKH�QDWXUDO�HQYLURQPHQWV� 
 

 
Fig. 3 a +DELWDW�RI�5KL]RSRJRQ�VRQJPDRGDQ�LQ�3LQXV�DUPDQGLL�IRUHVW��E�(FWRP\FRUUKL]DO�URRW�WLS�
�(&0�� VDPSOHG� IURP�3�� DUPDQGLL� IRUHVW�� F� )RXU�PRQWK�3��DUPDQGLL� VHHGOLQJ� LQRFXODWHG�ZLWK�5��
VRQJPDRGDQ�LQ�SRW��G�6\QWKHVL]HG�(&0�RI�3��DUPDQGLL�ZLWK�5��VRQJPDRGDQ�LQ�JUHHQKRXVH��H�)RXU�
PRQWK�3��\XQQDQHQVLV�VHHGOLQJ�LQRFXODWHG�ZLWK�5��VRQJPDRGDQ�LQ�SRW��I�6\QWKHVL]HG�(&0�RI�3LQXV�
\XQQDQHQVLV�ZLWK�5��VRQJPDRGDQ��%DUV ��PP 
 
'LVFXVVLRQ 
 
Rhizopogon songmaodan is the tenth Rhizopogon species reported from China. 7KH�
JHQXV� 5KL]RSRJRQ� FRPSULVHV� ILYH� VXEJHQHUD�� $P\ORSRJRQ�� 5KL]RSRJRQ�� 5RVHROL��
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9HUVLFRORUHV�� DQG� 9LOORVXOL� EDVHG� RQ� PRUSKRORJLFDO� DQG� '1$� VHTXHQFH� DQDO\VHV�
�*UXELVKD�������*UXELVKD�HW�DO�������� Morphological and molecular analysis show that 
R. songmaodan EHORQJV� WR� WKH� VXEJHQXV� 9HUVLFRORUHV��ZKLFK is characterized by a 
peridium of interwoven hyphae and lack of yellow staining in the peridium (Grubisha 
et al. 2002)� Morphologically R. songmaodan is similar to R. evadens in having white 
rhizomorphs and becoming reddish when basidiomata are cut. However, R. 
songmaodan has thinner peridium and phylogenetic analysis showed that R. 
songmaodan is grouped in a different subclade than R. evadens (Fig. 2). R. jiyaozi is 
the most popular edible Rhizopogon species in Yunnan and Sichuan Provinces. 
Morphologically R. jiyaozi and R. songmaodan are similar in having white and 
discolored basidiocarps. However, R. jiyaozi belongs to WKH�VXEJHQXV�5RVHROL� DQG� LV�
GLIIHUHQW� IURP� 5�� VRQJPDRGDQ� E\� SUHVHQWLQJ� \HOORZ� staining in the peridium. 
Additionally, R. jiyaozi produces basidiocarps between August and October each year, 
later than 5��VRQJPDRGDQ� 

In Japan and New Zealand, basidiomata of R. roseolus were produced from 
mycorrhized seedlings in plantations and its cultivation has the potential to be 
developed at a commercial scale (Wang et al, 2012). In China, the mycorrhizae of a few 
Rhizopogon species were synthesized by mycelium inoculation DQG� VKRZHG� WKH�
SRWHQWLDO�RI�P\FRUUKL]DO�VHHGOLQJV�LQ�DIIRUHVWDWLRQ (6KDR�������/L��������In this study, 
two typical pine species, Pinus armandii and P. yunnanensis from central Yunnan, were 
inoculated with spores of R. songmaodan, and abundant ectomycorrhizae were 
produced after four months. Compared to inoculation with mycelium, the production 
of mycorrhizal seedlings from spore inoculum is more efficient and inexpensive, and it 
is recommended when producing seedlings on large scales. Considering the 
commercial and ecological value of R. songmaodan, and the inoculation efficiency (100% 
mycorrhizal colonization rate), it could be a good candidate for cultivation in Southwest 
China. However, further work on mycorrhizal synthesis and trial plantations are needed 
to turn the cultivation of this species into a powerful rural development tool capable of 
generating income for farmers in less favored rural areas. 

 
$FNQRZOHGJPHQWV 
 
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� IROORZLQJ� SURMHFWV�� 1DWLRQDO� .H\� 5HVHDUFK� DQG�
'HYHORSPHQW� 3URJUDP� RI�&KLQD� �1R�� ����<)&����������1DWLRQDO�1DWXUDO� 6FLHQFH�
)RXQGDWLRQ� RI� &KLQD� �1R�� ������������� ,QWHUQDWLRQDO� �5HJLRQDO�� &RRSHUDWLRQ� DQG�
([FKDQJH� 3URMHFWV� RI� WKH� 1DWLRQDO� 1DWXUDO� 6FLHQFH� )RXQGDWLRQ� RI� &KLQD� �1R��
��������������:H�DUH�JUDWHIXO�WR�:DQJ�<XQ�IRU�FRQVWUXFWLYH�FRPPHQWV�WKDW�LPSURYHG�
WKH� TXDOLW\� RI� WKH� PDQXVFULSW�� :H� DUH� DOVR� JUDWHIXO� IRU� 0DULDQD� +HUUHUD� &UX]� IRU�
VXSSRUWLQJ�RQ�RXU�ILHOG�VXUYH\� 
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&KRLURP\FHV�VLFKXDQHQVLV�VS��QRY���D�QHZ�HGLEOH�SLJ�WUXIIOH�VSHFLHV�IURP�

6RXWKZHVW�&KLQD��DQG�LWV�P\FRUUKL]DO�V\QWKHVLV�ZLWK�QDWLYH�WUHHV 
5DQ�:DQJ�������6KDQSLQJ�:DQ���-XDQ�<DQJ���)XTLDQJ�<X��� 
 

��*HUPSODVP�%DQN�RI�:LOG�6SHFLHV��.XQPLQJ�,QVWLWXWH�RI�%RWDQ\��&KLQHVH�$FDGHP\�RI�6FLHQFHV��
����/DQKHL�5RDG��.XQPLQJ��<XQQDQ���������&KLQD 
��<XQQDQ� .H\� /DERUDWRU\� IRU� )XQJDO� 'LYHUVLW\� DQG� *UHHQ� 'HYHORSPHQW�� .XQPLQJ� ,QVWLWXWH� RI�
%RWDQ\��&KLQHVH�$FDGHP\�RI�6FLHQFHV������/DQKHL�5RDG��.XQPLQJ��<XQQDQ���������&KLQD 
��'HSDUWPHQW� RI�&URS� DQG�)RUHVW� 6FLHQFH��8QLYHUVLW\� RI�/OHLGD��$Y��$OFDOGH�5RYLUD�5RXUH�� �����
������/OHLGD��6SDLQ�  
��&ROOHJH�RI�5HVRXUFH�DQG�(QYLURQPHQW��<XQQDQ�$JULFXOWXUDO�8QLYHUVLW\��.XQPLQJ��<XQQDQ���������
&KLQD 
 
0DQXVFULSW�VXEPLWWHG�WR�0\FRUUKL]D 
 
 
 

$EVWUDFW 
$� QHZ� &KRLURP\FHV� VSHFLHV� ZDV� GLVFRYHUHG� DW� ORFDO� ZLOG� PXVKURRP� PDUNHWV� LQ�
6RQJSDQ�&RXQW\��6LFKXDQ��VRXWKZHVW�&KLQD�ZKHUH� LW�KDV�EHHQ�FRQVLGHUHG�DV�D�ZKLWH�
WUXIIOH�� %DVHG� RQ� ERWK� PRUSKRORJLFDO� DQG� PROHFXODU� SK\ORJHQHWLF� DQDO\VHV�� WKH�
FROOHFWLRQ�ZDV� GHVFULEHG� DV�&KRLURP\FHV� VLFKXDQHQVLV� VS�� QRY���7KH� QHZ� GHVFULEHG�
VSHFLHV� LQFUHDVHV� WKH� FXUUHQW� QXPEHU� RI�&KRLURP\FHV� VSHFLHV� WR� WKUHH� LQ� &KLQD�� ,Q�
DGGLWLRQ��WKH�P\FRUUKL]DO�V\QWKHVLV�YLD�VSRUH�LQRFXODWLRQ�EHWZHHQ�&��VLFKXDQHQVLV�DQG�
3LQXV� DUPDQGLL� RU� WZR� 3LFHD� VSHFLHV� RI� 3L�� OLNLDQJHQVLV� DQG� 3L�� FUDVVLIROLD� ZDV�
SHUIRUPHG�LQ�D�JUHHQKRXVH��%RWK�PRUSKRDQDWRPLFDO�DQG�PROHFXODU�DQDO\VHV�HYLGHQFHG�
ZHOO�GHYHORSHG�P\FRUUKL]DWLRQ�EHWZHHQ�&��VLFKXDQHQVLV and 3��DUPDQGLL��EXW�QRW� LQ�
3LFHD� VHHGOLQJV�� 2XU� FXUUHQW� VWXG\� SURYLGHV� IXQGDPHQWDO� GDWD� DERXW� WKH� VSHFLHV�
GLYHUVLW\� DQG� P\FRUUKL]DO� UHVHDUFK� RI� WKLV� JHQXV� IRU� IXUWKHU� VWXGLHV�� ,Q� DGGLWLRQ�� D�
VXFFHVVIXOO\�DUWLILFLDO�P\FRUUKL]DWLRQ�EHWZHHQ�&��VLFKXDQHQVLV�DQG�VHOHFWHG�WUHH�VSHFLHV��
LUUHVSHFWLYH�RI�3LQXV�JHQXV�RU�RWKHU�SODQW�VSHFLHV��ZRXOG�GHYHORS�DQ�HIIHFWLYH�SDWKZD\�
WR�SURGXFH�ERWK�&��VLFKXDQHQVLV�PXVKURRPV�DQG�WLPEHUV�XQGHU�HLWKHU�SODQWHG�RU�QDWXUDO�
IRUHVWV� 

.H\� ZRUGV� (FWRP\FRUUKL]DH�� (GLEOH� SLJ� WUXIIOH�� +\SRJHRXV� IXQJL�� 0RUSKRORJ\��

3K\ORJHQ\�  
 

,QWURGXFWLRQ 

7KH� JHQXV� &KRLURP\FHV� 9LWWDG�� �7XEHUDFHDH�� 3H]L]DOHV�� $VFRP\FRWLQD�� ZLWK� &��
PHDQGULIRUPLV�9LWWDG��DV�WKH�W\SH�VSHFLHV��ZDV�ILUVW�GHVFULEHG�LQ�������9LWWDGLQL��������

https://www.indexfungorum.org/names/families.asp?FamilyName=Tuberaceae
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$W�SUHVHQW�D�WRWDO�RI����&KRLURP\FHV�VSHFLHV�DUH�OLVWHG�LQ�WKH�,QGH[�)XQJRUXP�RQOLQH�
GDWDEDVH��KWWSV���ZZZ�,QGH[�IXQJR�UXP��RUJ�QDPHV��QDPHV�DVS���6L[WHHQ�RXW�RI�WKHP�
DUH�QRZ�UHFODVVLILHG�DQG�WUDQVIHUUHG�WR�RWKHU�IDPLOLHV�DQG�JHQHUD�LQFOXGLQJ�3H]L]DFHDH��
3\URQHPDWDFHDH�DQG�5KL]RSRJRQDFHDH��$OWKRXJK�ZLGHO\�GLVWULEXWHG� LQ�$VLD��(XURSH�
DQG�1RUWK�$PHULFD��3HJOHU�HW�DO��������0RUHQR�HW�DO��������&KHQ�DW�DO��������<XDQ�HW�
DO��������� WKH�VSHFLHV�GLYHUVLW\�RI�&KRLURP\FHV� LV� ORZ�DQG�RQO\���VSHFLHV�KDYH�EHHQ�
FDWHJRUL]HG� �&�� DOYHRODWXV�� &�� FHUHEULIRUPLV�� &�� FRRNHL�� &�� HOOLSVRVSRUXV�� &��
KHODQVKDQHQVLV��&��PHDQGULIRUPLV��&��WHWUDVSRUXV�DQG�&��YHQRVXV���7UDSSH�������3HJOHU�
HW�DO��������.LUN�HW�DO��������0RUHQR�HW�DO��������&KHQ�DW�DO��������<XDQ�HW�DO���������
$PRQJ�WKHP��&��YHQRVXV�LV�FRPPRQO\�FRQVLGHUHG�FRQVSHFLILF�ZLWK�&��PHDQGULIRUPLV�
�0F1HLOO�HW�DO��������&KHQ�HW�DO���������ZKLOH�&��FHUHEULIRUPLV�DQG�&��KHODQVKDQHQVLV�
DUH�VSRUDGLFDOO\�UHSRUWHG�IURP�&KLQD��&KHQ�DW�DO��������<XDQ�HW�DO���������  

&KRLURP\FHV� VSHFLHV� KDV� EHHQ� D� GHOLFDF\� LQ� (XURSH� �:HGHQ� HW� DO�� ������� ,W� LV�
K\SRJHRXV��VXEJORERVH�RU�LUUHJXODU��ZKLWLVK�FRORU��IUDJUDQW�DVFRPDWD�DQG�VROLG�JOHED��
ZKLFK� LV� RIWHQ� PLVWDNHQ� IRU� D� VSHFLHV� RI� WKH� JHQXV� 7XEHU�� )RU� H[DPSOH�� &��
PHDQGULIRUPLV�ZDV�RQFH�VROG�DV�7��PDJQDWXP�3LFFR��DW�D�KLJKO\�SUL]HG�PXVKURRP�LQ�
WKH� (XURSHDQ� PDUNHWV� �0RUHQR� HW� DO�� ������� ,QWHUHVWLQJO\�� D� VLPLODU� VLWXDWLRQ� DOVR�
RFFXUUHG� LQ� ����� LQ� WKH� ORFDO� IUHVK�PXVKURRP�PDUNHWV� RI� 6RQSDQ� FRXQW\�� 6LFKXDQ��
VRXWKZHVW�&KLQD�ZKHUH�³ZKLWH�WUXIIOH�OLNH´�PXVKURRPV�ZHUH�VROG�DV�ZKLWH�WUXIIOHV�DW�D�
FRPSDUDWLYHO\� KLJK� SULFH� RI� ���í����86'� NJí���2XU�PRUSKRORJLFDO� DQG�PROHFXODU�
SK\ORJHQHWLF�DQDO\VHV�VKRZHG�WKDW�WKHVH�PDUNHW�FROOHFWLRQV�EHORQJLQJ�WR�D�QHZ�VSHFLHV�
WKDW� KDG� QRW� EHHQ� SUHYLRXVO\� FODVVLILHG�� +HUHLQ� ZH� GHVFULEHG� WKHVH� FROOHFWLRQV� DV�
&KRLURP\FHV� VLFKXDQHQVLV� VS�� QRY��� DQG� LWV� UHODWLRQVKLSV� ZLWK� RWKHU� &KRLURP\FHV�
VSHFLHV�ZHUH�GLVFXVVHG��  

%\�HQTXLULQJ�ORFDO�FROOHFWRUV�DQG�LGHQWLI\LQJ�SODQW�OHDYHV�RQ�WKH�IUXLWLQJ�ERGLHV��
ZH� DVVXPHG� WKDW� WKRVH�PXVKURRP�VDPSOHV�JURZ�XQGHU� D�3LFHD� GRPLQDWHG� IRUHVW� DW�
DOWLWXGH�RI�a������P��&KRLURP\FHV�VSHFLHV�KDV�EHHQ�GHVFULEHG�WR�EH�DEOH�WR�HVWDEOLVK�
HFWRP\FRUUKL]DO� DVVRFLDWLRQV� LQ� WKH� ILHOG�ZLWK�5RVDFHDH� �'U\DV���6DOLFDFHDH� �6DOL[���
3LQDFHDH� �$ELHV��3LFHD��3LQXV��DQG� WKXV�SOD\�DQ� LPSRUWDQWO\� HFRORJLFDO� UROH� LQ� WKHVH�
IRUHVW�HFRV\VWHPV��0DLD�HW�DO��������&KHQ�HW�DO��������<XDQ�HW�DO���������+RZHYHU��QR�
LQIRUPDWLRQ�LV�DYDLODEOH�RQ�KRZ�VXFK�DQ�HFWRP\FRUUKL]DWLRQ�FRXOG�EH�FRQVWUXFWHG�XQGHU�
ODERUDWRU\�HQYLURQPHQWV�� ,Q� WKLV�VWXG\��XVLQJ�VSRUHV�RI�&��VLFKXDQHQVLV� VS��QRY���ZH�
DUWLILFLDOO\� H[DPLQHG� WKHLU� P\FRUUKL]DO� V\PELRVLV� RI� WKUHH� VHOHFWHG� WUHH� VSHFLHV�
LQFOXGLQJ�3LQXV�DUPDQGLL�)UDQFK��DQ�HFRQRPLFDOO\�SODQWHG�WUHH�VSHFLHV�WKDW�DOVR�ZLGHO\�
QDWXUDOO\�GLVWULEXWHG�DW�KLJK�DOWLWXGH�LQ�VRXWKZHVW�&KLQD��=KDQJ�HW�DO���������DQG�WZR�
RWKHU� LPSRUWDQW�DIIRUHVWDWLRQ� WUHH�VSHFLHV��3LFHD� OLNLDQJHQVLV� �)UDQFK���3ULW]��DQG�3L��
FUDVVLIROLD� .RP���ZKLFK� KDYH�ZLGH� GLVWULEXWLRQV� LQ� VRXWKZHVW�&KLQD� DQG� QRUWKZHVW�
&KLQD��UHVSHFWLYHO\��$�VXFFHVVIXO�P\FRUUKL]DO�V\QWKHVLV�EHWZHHQ�&��VLFKXDQHQVLV�DQG�
VHOHFWHG�WUHH�VSHFLHV�SURYLGHV�WKH�IRUHPRVW�SDWKZD\�WR�SURGXFH�ERWK�&��VLFKXDQHQVLV�
PXVKURRPV�DQG�WLPEHUV�XQGHU�HLWKHU�SODQWHG�RU�QDWXUDO�IRUHVWV��  

0DWHULDOV�DQG�PHWKRGV�  
0RUSKRORJLFDO�VWXGLHV 
)UHVK� VSHFLPHQV� ZHUH� SXUFKDVHG� IURP� PDUNHWV� LQ� 6RQJSDQ� &RXQW\�� 7LEHWDQ� 4LDQJ�

https://www.indexfungorum.org/names/families.asp?FamilyName=Pezizaceae
https://www.indexfungorum.org/names/families.asp?FamilyName=Pyronemataceae
https://www.indexfungorum.org/names/families.asp?FamilyName=Rhizopogonaceae
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$XWRQRPRXV�3UHIHFWXUH�RI�1JDZD��6LFKXDQ��&KLQD��*URVV�PRUSKRORJ\�ZDV�GHVFULEHG�
EDVHG�RQ�WKH�IUHVK�DVFRPDWD��DQG�PLFURVFRSLF�H[DPLQDWLRQ�ZDV�ODWHU�FRQGXFWHG�XVLQJ�
GU\�PDWHULDO�DFFRUGLQJ�WR�<DQJ�DQG�=KDQJ���������+DQG�FXW�VHFWLRQV�ZHUH�PRXQWHG�LQ�
D�����Z�Y��.2+�VROXWLRQ� DQG�H[DPLQHG�XQGHU�D� OLJKW�PLFURVFRSH��/HLFD�'0������
/HLFD�0LFURV\VWHPV��:HW]ODU��*HUPDQ\���)RU�WKH�HYDOXDWLRQ�RI�WKH�UDQJH�RI�VSRUH�VL]H��
���DVFRVSRUHV�ZHUH�PHDVXUHG�IURP�WKH�VSHFLPHQ��)RU�WKH�VFDQQLQJ�HOHFWURQ�PLFURVFRS\�
�6(0��REVHUYDWLRQ��VSRUHV�ZHUH�VFUDSHG�IURP�WKH�GULHG�JOHED�RQWR�GRXEOH�VLGHG�WDSH��
DQG�WKHQ�GLUHFWO\�PRXQWHG�RQ�D�6(0�VWXE��FRDWHG�ZLWK�JROG�SDOODGLXP��H[DPLQHG�DQG�
SKRWRJUDSKHG� XVLQJ� D� -60�����/9�6(0� �-(2/��7RN\R�� -DSDQ���7KH� VSHFLPHQ� KDV�
EHHQ�GHSRVLWHG�DW�<XQQDQ�$JULFXOWXUDO�8QLYHUVLW\��.XQPLQJ��<XQQDQ��&KLQD� 
0ROHFXODU�DQG�3K\ORJHQHWLF�DQDO\VHV 
7RWDO� '1$� ZDV� H[WUDFWHG� IURP� SLHFHV� RI� GULHG� DVFRPDWD� XVLQJ� D� PRGLILHG� &7$%�
SURFHGXUH� �*DUGHV� DQG� %UXQV� ������� 7KH� ,76� UHJLRQ� RI� QXFOHDU� ULERVRPDO� '1$�
�QU'1$��ZDV�DPSOLILHG�XVLQJ�SULPHUV�,76�)�DQG�,76���:KLWH�HW�DO��������*DUGHV�DQG�
%UXQV��������3RO\PHUDVH�FKDLQ�UHDFWLRQV��3&5��ZHUH�SHUIRUPHG�XVLQJ�WKH�IROORZLQJ�
SURFHGXUH������/�RI�3&5�UHDFWLRQ�VROXWLRQ�FRQWDLQHG���ȝ/�'1$����ȝ/����ȝ0��RI�HDFK�
SULPHU������ȝ/����î�EXIIHU��0J���G173����P0�������ȝ/�%6$�������������ȝ/�0J&O�����
8�RI�7DT�'1$�SRO\PHUDVH��7DNDUD�7DT��7DNDUD�%LRWHFKQRORJ\��'DOLDQ��&KLQD���3&5�
UHDFWLRQV�ZHUH�UXQ�DV�IROORZV������&�IRU���PLQ��IROORZHG�E\����F\FOHV�RI�����&�IRU����
V������&�IRU���PLQ�DQG�����&�IRU���PLQ��IROORZHG�E\�D�ILQDO�H[WHQVLRQ�DW�����&�IRU����
PLQ��7KH�3&5�SURGXFWV�ZHUH�VHQW�WR�7VLQJNH�%LRWHFKQRORJ\�&R���/WG���%HLMLQJ��&KLQD��
IRU�VHTXHQFLQJ� 

&RPSOHWH� ,76� VHTXHQFHV� GDWD� IRU� ��� WD[D� ZHUH� REWDLQHG�� LQFOXGLQJ� �� QHZ�
FROOHFWLRQV�DQG�RWKHU�VHTXHQFHV�GRZQ�ORDGHG�IURP�WKH�*HQ%DQN�GDWDEDVH�DFFRUGLQJ�WR�
SUHYLRXV� VWXGLHV� �7DEOH� ���� 'LQJOH\D� VSS�� �-)�������� +0�������� -4������� DQG�
-4��������ZHUH�VHOHFWHG�DV�WKH�RXWJURXS��)LJ������'DWDVHW�ZDV�DOLJQHG�XVLQJ�0$))7�
Y����� �.DWRK� DQG� 6WDQGOH\� ������ DQG� WKHQ�PDQXDOO\� HGLWHG� ZLWK� %LR(GLW� Y������� DV�
QHHGHG� �+DOO� ������� 7KH� SK\ORJHQHWLF� UHODWLRQVKLSV� RI� WD[D� ZHUH� LQIHUUHG� XVLQJ�
0D[LPXP�/LNHOLKRRG��0/���6WDPDWDNLV�������DQG�%D\HVLDQ�,QIHUHQFH��%,���5RQTXLVW�
DQG�+XHOVHQEHFN������� 

 
Table 1 Sources of specimens and GenBank accession numbers for sequences used in this study 

Species name Voucher number Origin ITS References 

C. alveolatus MES97 USA HM485332 Bonito et al. (2010) 

C. alveolatus Trappe 17497 USA EU669384 Unpublished 

C. alveolatus 22830 Israel AF501258 Ferdman et al. (2005) 

C. alveolatus HS2886 USA HM485333 Bonito et al. (2010) 

C. cerebriformis YAAS 8890 Holotype Diqing, China MW209701 Yuan et al. (2021) 

C. cerebriformis YAAS TJ16-2 Yunnan, China MT672014 Yuan et al. (2021) 

C. cerebriformis YAAS TJ16-1 Yunnan, China MT672013 Yuan et al. (2021) 

C. helanshanensis YAAS L3063 China MT672012 Yuan et al. (2021) 

C. helanshanensis YAAS L3062 China MT672011 Yuan et al. (2021) 

C. helanshanensis YAAS L3051 China MT672010 Yuan et al. (2021) 

C. helanshanensis HKAS 80639 Inner Mongolia, China KP019351 Chen et al. (2016) 
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C. helanshanensis HKAS 80647 Inner Mongolia, China KP019350 Chen et al. (2016) 

C. helanshanensis HKAS80631 Inner Mongolia, China KP019349 Chen et al. (2016) 

C. helanshanensis HKAS80642 Inner Mongolia, China KP019348 Chen et al. (2016) 

C. helanshanensis HKAS80646 Inner Mongolia, China KP019347 Chen et al. (2016) 

C. helanshanensis HKAS80634 Holotype Inner Mongolia, China KP019346 Chen et al. (2016) 

C. helanshanensis HKAS80645 Inner Mongolia, China KP019345 Chen et al. (2016) 

C. helanshanensis HKAS80638 Inner Mongolia, China KP019344 Chen et al. (2016) 

C. helanshanensis HKAS80636 Inner Mongolia, China KP019343 Chen et al. (2016) 

C. helanshanensis HMAS83766 Heilongjiang, China KU531609 Unpublished 

C. helanshanensis HKAS80641 Inner Mongolia, China KU531606 Unpublished 

C. magnusii AH11894 Spain JF300144 Moreno et al. (2012) 

C. magnusii AH19770 Spain JF300143 Moreno et al. (2012) 

C. meandriformis K(M):171388 United Kingdom MZ159438 Unpublished 

C. meandriformis K(M)53644 England EU784185 Brock et al. (2009) 

C. meandriformis K(M)135393 England EU784184 Brock et al. (2009) 

C. sichuanensis YNAU003 Holotype Sichuan, China MW380902 This study 

C. sichuanensis YNAU004  Sichuan, China OK585070 This study 

C. sichuanensis YNAU0022 Sichuan, China OM417587 This study 

C. sichuanensis 6\QWKHVL]HG�(&0�RI�

3LQXV�DUPDQGLL 

6LFKXDQ��&KLQD 21������ This study 

C. venosus AH38904 Romania JF300147 Moreno et al. (2012) 

C. venosus AH38915 Italy JF300146 Moreno et al. (2012) 

C. venosus AH38935 UK JF300145 Moreno et al. (2012) 

Choiromyces sp. AR1291 Canada JX630965 Timling et al. (2012) 

Choiromyces sp. AR1293 Canada JX630960 Timling et al. (2012) 

Choiromyces sp. AR1647 Canada JX630948 Timling et al. (2012) 

Choiromyces sp. HV_D3_8 USA JX630713 Timling et al. (2012) 

Choiromyces sp. PP_S3_3_287_1 Canada JX630610 Timling et al. (2012) 

Choiromyces sp. FB_D3_5_188_1 USA JX630491 Timling et al. (2012) 

Choiromyces sp. FB_D3_1_184a_4 USA JX630489 Timling et al. (2012) 

Choiromyces sp. JLF1765 USA MH220314 Unpublished 

Choiromyces sp. 58-351  USA MH038084 Hart et al. 2018 

Uncultured Choiromyces NX1-4299  Ningxia, China LC622741 Unpublished 

Uncultured Choiromyces NX2-148 Ningxia, China LC623368 Unpublished 

Uncultured Choiromyces t24 Xinjiang, China MF142389 Unpublished 

Uncultured Choiromyces NX1-4464 Ningxia, China LC622777 Unpublished 

Uncultured Choiromyces NX1-4377 Ningxia, China LC622757 Unpublished 

Uncultured Choiromyces NX1-4472 Ningxia, China LC622778 Unpublished 

Uncultured Choiromyces NX2-137 Ningxia, China LC623365 Unpublished 

Uncultured Choiromyces 3232A6 USA KF617408 Taylor et al. 2014 

Uncultured Choiromyces AR699 Canada JX630936 Timling et al. (2012) 

Uncultured Choiromyces TK21_OTU183 USA EF434127 Taylor et al. 2007 

Dingleya sp. JT31036 Australia JQ925628 Bonito et al. (2013) 

Dingleya sp. JT31575 Australia HM485334 Bonito et al. (2010) 
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Dingleya sp. JT27686 Australia JQ925627 Bonito et al. (2013) 

Dingleya sp. AH37860 Australia JF300131 Moreno et al. (2012) 

 

 
)LJ�� ���5$[0/� WUHH� EDVHG� RQ� ,76� VHTXHQFHV� RI�&KRLURP\FHV� VLFKXDQHQVLV� DQG� UHODWHG� VSHFLHV��
%RRWVWUDS� �%6��YDOXHV�GHULYHG� IURP�0D[LPXP�/LNHOLKRRG��0/��DQDO\VLV� ��������DQG�3RVWHULRU�
3UREDELOLWLHV��33V��IURP�%D\HVLDQ�,QIHUHQFH����������DUH�VKRZQ�DERYH�RU�EHQHDWK�WKH�EUDQFKHV�DW�
QRGHV��1HZ�VHTXHQFHV�DUH�LQ�FRORUHG�EROG�IRQW� 

 
0\FRUUKL]DO�V\QWKHVLV�ZLWK�SODQWV��6XSSO��)LJ���� 
6HHGV�RI�3LQXV�DUPDQGLL�ZHUH�SXUFKDVHG� IURP� WKH�&LED�PDUNHW��.XQPLQJ��<XQQDQ��
6HHGV� RI� 3LFHD� OLNLDQJHQVLV� DQG� 3L�� FUDVVLIROLD� ZHUH� REWDLQHG� IURP� WKH� 6RXWKZHVW�
*HUPSODVP�%DQN�RI�:LOG�6SHFLHV��.XQPLQJ�,QVWLWXWH�RI�%RWDQ\��&KLQHVH�$FDGHP\�RI�
6FLHQFHV������K\GURJHQ�SHUR[LGH�ZDV�XVHG�IRU�VXUIDFH�VWHULOL]DWLRQ�RI�VHHGV�IRU����PLQ��
DQG�WKHQ�ULQVHG� WKRURXJKO\�LQ�GLVWLOOHG�ZDWHU��7KH\�ZHUH�JHUPLQDWHG�RQ�D�PL[WXUH�RI�
SHUOLWH�DQG�SHDW�������9�9���ZKLFK�ZDV�DXWRFODYHG�DW������&�IRU�RQH�KRXU��6XEVWUDWH�IRU�
LQRFXODWLRQ�ZDV�PDGH�RI�YHUPLFXOLWH��SHDW��SHUOLWH�����������9�9�9���+XDQJ��������'U\�
VOLFHG�DVFRPDWDV�ZHUH�VRDNHG�LQ�GLVWLOOHG�ZDWHU�IRU����K�DW����&�DQG�WKHQ�KRPRJHQL]HG�
ZLWK� D� EOHQGHU�� 7KUHH�PRQWK�ROG� VHHGOLQJV� ZHUH� ULQVHG� ZLWK� WDS� ZDWHU� WR� UHPRYH�
UHPDLQLQJ�VXEVWUDWH��DQG�URRWV�ZHUH�NHSW�PRLVWHQHG�XQWLO�LQRFXODWLRQ��)LYH�VHHGOLQJV�RI�
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HDFK� WUHH� VSHFLHV�ZHUH� LQRFXODWHG�ZLWK�&�� VLFKXDQHQVLV� VSRUH� VOXUU\�� (DFK� VHHGOLQJ�
UHFHLYHG����î����VSRUHV��7HQ�PLOOLOLWHUV�RI�VSRUH�VOXUU\�ZHUH�GLVWULEXWHG�ZLWK�D�SLSHWWH�
DURXQG�WKH�WKLUG�XSSHU�]RQH�RI�WKH�URRW�V\VWHP��1RQ�&��VLFKXDQHQVLV�LQRFXODWHG�FRQWURO�
VHHGOLQJV� UHFHLYHG����P/�RI� GLVWLOOHG�ZDWHU��6HHGOLQJV�ZHUH�NHSW� LQ� ����P/� VTXDUH�
SODVWLF�FRQWDLQHUV��³ROLYH�SRWV´��'DOWRQV�/WG���1HZ�=HDODQG��DQG�grown under natural 
light for six months in a greenhouse on the Kunming Institute of Botany (KIB) campus��
7KH� FRQWDLQHUV� ZLWK� RU� ZLWKRXW�&�� VLFKXDQHQVLV� LQRFXODWLRQ� ZHUH� JURZQ� LQ� JURXSV��
UDWKHU� WKDQ� D� UDQGRPL]HG� DUUDQJHPHQW�� (DFK� JURXS� FRQVLVWHG� RI� D� JLYHQ� SLQH�3LFHD�
VSHFLHV� LQRFXODWHG�RU�QRW�ZLWK�&��VLFKXDQHQVLV�����VHHGOLQJV�GLVWULEXWHG� LQ� WZR�URZV�
�RQH� LQRFXODWHG�� RQH� XQLQRFXODWHG�� RI� ILYH� VHHGOLQJV�� :KLOH� WKLV� DUUDQJHPHQW� LV�
JHQHUDOO\� QRW� D� JRRG� SUDFWLFH� �+XUOEHUW� ������� LW� ZDV� IHOW� WKDW� SUDFWLFDO� QHFHVVLW\�
RXWZHLJKHG�SRVVLEOH�VSDWLDO�WUHQGV��VLQFH�FRQGLWLRQV�ZLWKLQ�WKH�DUHD�RI�RQO\§�����P��
ZKHUH�VHHGOLQJV�JUHZ�ZHUH�IDLUO\�KRPRJHQHRXV��:DQJ��������Seedlings were watered 
with tap water three times a week.  
 

 
Supplementary Figure 1 The procedure of spore inoculation. 

  
Morphological observations of ectomycorrhizae (ECM) 
Each seedling was carefully removed from the container to identified the macro-
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morphological and anatomical characters of &�� VLFKXDQHQVLV ECM using a 
stereomicroscope (Leica S8AP0, Leica Microsytems, Wetzlar, Germany) and a 
compound light microscope (Leica DM2500, Leica Microsytems, Wetzlar, Germany) 
following the methods of Agerer (2006) and Giraud (1988). Photographs were captured 
using the Leica Application Suite. Cross- and longitudinal-sections were made by a 
freezing microtome (Leica CM3050S). The description of morphological characters of 
ECM focused on external aspect and color, outer mantle cells and emanating hyphae. 
Molecular identification of ectomycorrhizae 
For each seedling, genomic DNA of 10 pooled mycorrhizal tips displaying morphology 
characteristic of &�� VLFKXDQHQVLV ZDV� H[WUDFWHG� XVLQJ� $LGODE�� NLW� �%HLMLQJ��� 7KH�
internal transcribed spacer (ITS) region of the ribosomal DNA was amplified from 
DNA extracts using the ITS1F/ITS4 primer pair (White et al., 1990; Gardes and Bruns, 
1993). The 3&5� procedure RI� (&0� ZDV� WKH� VDPH� DV� WKH� DERYH�PHQWLRQHG� 3&5�
procedure for DVFRPDWD��Mycorrhizal sequences generated in this study have been 
deposited in GenBank (See Results). 

5HVXOWV 
7D[RQRP\ 
&KRLURP\FHV�VLFKXDQHQVLV�6��3��:DQ��5��:DQJ�	�)��4��<X��VS��QRY���)LJ����� 
0\FR%DQN�QR���0%������ 
7\SH��&+,1$��6LFKXDQ�3URYLQFH��LQ�KXPLF�VRLO�XQGHU�3LFHD�DVSHUDWD�IRUHVW�����2FWREHU�
������ZVS�����+RORW\SH��<1$8�����*HQ%DQN�$FF��1R���,76� �0:�������� 
(W\PRORJ\��VLFKXDQHQVLV��UHIHUULQJ�WR�WKH�ORFDWLRQ�RI�WKH�W\SH�FROOHFWLRQ� 
 

'LVFULSWLRQ��$VFRPDWD� �±�� FP� LQ� GLDP�� K\SRJHRXV�� VXEJORERVH� RU� WXEHULIRUP��
NQREE\�ZLWK�GHHS�OREHV��VXUIDFH�VPRRWK��ZKLWH��SDOH�\HOORZ�WR�UHGGLVK�EURZQ�ZLWK�GDUN�
JXOOLHV�ZKHQ�IUHVK� �)LJ���D��� WKHQ�EHFRPLQJ�EURZQ�ZKHQ�GU\�� 3HULGLXP���±����PP�
WKLFN�� QRW� FOHDUO\� GLIIHUHQWLDWHG�� FRPSRVHG� RI� OLJKW� EURZQ� �RXWHU�� RU� K\DOLQH� �LQQHU��
K\SKDH�����±���ȝP�DW�VHSWD�LQ�GLDP��)LJ���E��F���*OHED�VROLG��PLON\�ZKLWH��ZLWK�D�VOLJKWO\�
EURZQ�DQG�PDUEOHG�ZLWK�ZKLWH�YHLQV��RI�LQWHUZRYHQ�WKLQ�ZDOOHG�K\SKDH��2GRU�VWURQJ��
SOHDVDQW�� $VFL� K\DOLQH�� FODYDWH� WR� VDFFDWH�� ��VSRUHG�� �����±�����±�����±������� î�
�����±�����±�����±������ ȝP� �1�  � �����$VFRVSRUHV� VSKHULFDO�� SDOH� \HOORZ�EURZQ� DW�
PDWXULW\�� �����±�����±�����±������ ȝP� LQ� GLDP� �1�  � ����� LUUHJXODUO\� FRYHUHG� ZLWK�
FXUYHG�EOXQW�VSLQHV�XS�WR���ȝP��)LJ����G±I�� 

+DELWDW�DQG�GLVWULEXWLRQ��7KH�VSHFLPHQV�ZHUH�IRXQG�DQG�FROOHFWHG�IURP�D�KXPXV�
VRLO� XQGHU� D� 3LFHD� VS�� IRUHVW� LQ� 2FWREHU��$GGLWLRQDO� VSHFLPHQV� H[DPLQHG�� &+,1$��
6LFKXDQ�3URYLQFH��3LFHD�VS������2FW��������ZVS��������<1$8������*HQ%DQN�$FF��1R���
,76� �20���������ZVS��������<1$8�����*HQ%DQN�$FF��1R���,76� �2.�������� 

5HPDUNV�� &KRLURP\FHV� VLFKXDQHQVLV� LV� FKDUDFWHUL]HG� E\� K\SRJHRXV�� JODEURXV��
ZKLWH��SDOH�\HOORZ�RU�EURZQ�� LUUHJXODUO\�NQREE\��PXFK�OREHG�DVFRPDWD��DQG�JORERVH�
VSRUHV� RUQDPHQWHG� ZLWK� FRQVSLFXRXV�� VWUDLJKW� RU� VOLJKWO\� FXUYHG� EOXQW� VSLQHV�� 7KLV�
VSHFLHV�UHVHPEOHV�WKH�WUXH�³ZKLWH´�WUXIIOH�RI�7XEHU�SDQ]KLKXDQHQVH�LQ�DSSHDUDQFH��ODUJH��
ZKLWLVK�� LUUHJXODUO\� NQREE\� DVFRPDWD� DQG� ZKLWLVK� JOHED� ZLWK� VLQXRXV� YHLQV� ZKHQ�
\RXQJ���+RZHYHU��&��VLFKXDQHQVLV�GLIIHUV�IURP�7��SDQ]KLKXDQHQVH�DQG�DQ\�RWKHU�ZKLWH�
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7XEHU�VSHFLHV� LQ� LWV�JORERVH�VSRUHV�RUQDPHQWHG�ZLWK�FRQVSLFXRXV�VSLQHV�� ,Q� IDFW��&��
VLFKXDQHQVLV� FDQ� HDVLO\� EH� GLVWLQJXLVKHG� IURP� RWKHU� WZR� SK\ORJHQHWLFDOO\� UHODWHG�
&KLQHVH�&KRLURP\FHV�VSHFLHV�EDVHG�RQ�WKH�DVFRVSRUDO�RUQDPHQWDWLRQ�ZLWK�ORQJ�EOXQW�
VSLQHV��XS�WR���ȝP��ZKHUHDV�VSLQHV¶�KHLJKW�ZDV���ȝP�LQ�&KLQHVH�&��KHODQVKDQHQVLV���±
���� ȝP���&�� FHUHEULIRUPLV� ��±�� ȝP�� DQG� VRXWKHUQ�$IULFDQ� &�� HFKLQXODWXV� ���� ȝP��
�)HUGPDQ�HW�DO��������&KHQ�HW�DO��������<XDQ�HW�DO���������,Q�DGGLWLRQ��WKH�VSRUHV�RI�&��
PHDQGULIRUPLV�DUH�RUQDPHQWHG�ZLWK�IUHH�DQG�³KROORZ´�URGV�ZLWK�WUXQFDWHG�WLSV��ZLWK�
DSLFDO� GHSUHVVLRQV�� �0RUHQR� HW� DO�� ������� &KRLURP\FHV� YHQRVXV� LV� FRPPRQO\�
FRQVLGHUHG� FRQVSHFLILF� ZLWK�&�� PHDQGULIRUPLV� �&KHQ� HW� DO�� ������� %HVLGHV�� VSRUHV¶�
RUQDPHQWDWLRQ�RI�&��PDJQXVLL� ORRNV�SLWWHG� WR�YHUUXFRVH�UHWLFXODWHG�ZLWK�D�PLQXWHO\�
PHVKHG�UHWLFXOXP��DQG�VSRUHV�RI�WKH�$PHULFDQ�VSHFLHV�RI�&��DOYHRODWXV�DUH�RUQDPHQWHG�
VPDOO�SRUHV��ZKLFK�DUH�FOHDUO\�GLIIHUHQW�IURP�WKRVH�RI�&��VLFKXDQHQVLV��0RUHQR�HW�DO��
������ 
3K\ORJHQHWLF�DQDO\VHV 
7KH�ILQDO�,76�DOLJQPHQW�LQFOXGHG����VHTXHQFHV��VSHFLPHQV�DQG�(&0���ZKLFK�FRQWDLQHG�
����DOLJQHG�VLWHV��7KH�%D\HVLDQ�DQDO\VLV�\LHOGHG�VLPLODU�WUHHV�DV�WKH�SDUVLPRQ\�DQDO\VLV��
WKXV��RQO\�WKH�SK\ORJHQHWLF�WUHH�HVWDEOLVKHG�IURP�WKH�SDUVLPRQ\�DQDO\VLV�ZDV�SUHVHQWHG�
�)LJ������$OO�DQDO\]HG�&KRLURP\FHV�VSHFLHV�IRUPHG�D�PRQRSK\OHWLF�JURXS�ZLWK������
ERRWVWUDS� VXSSRUW�� 7KUHH� &KRLURP\FHV� VSHFLPHQV� DQG� RQH� &KRLURP\FHV�OLNH�
P\FRUUKL]D�IURP�WKLV�VWXG\�LQGHSHQGHQWO\�FOXVWHUHG�DV�D�ZHOO�VXSSRUWHG�VXEFODGH��33� �
�����%3� ������DQG�ZHUH�FOHDUO\�GLVWLQFW�IURP�WKH�NQRZQ�&KLQHVH�&��KHODQVKDQHQVLV�
DQG�&��FHUHEULIRUPLV� 
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)LJ�� ���&KRLURP\FHV� VLFKXDQHQVLV� �<1$8�����7\SH��D�$VFRPD��E�'HUPDWRF\VWLGLD��F� 3HULGLXP�
VHFWLRQ��G��H�/LJKW�PLFURJUDSK��/0��RI�DVFRVSRUHV��I�6(0�LPDJH�RI�DQ�DVFRVSRUH� 

 
(FWRP\FRUUKL]DH 
After inoculation in the greenhouse for six months (September 2021 to March 2022), 
ECM was formed between &��VLFKXDQHQVLV and all inoculated P. armandii seedlings 
(Fig. 3a-c). No ECM was detected in any of Picea or control seedlings (Fig. 4 b, d). 
ECM from P. armandii roots were monopodial or dichotomously branched and 
complex, coralloid, yellowish-brown-ochre. ECM systems were up to 4 mm long, 5.6 
mm wide. Mantles were smooth or slightly woolly. Emanating hyphae were long, 
sample or branched, septate, rounded tips, up to 3.0±���� ȝP� GLDP� DW� WKH� EDVH� DQG�
frequent on young ECM. Anatomical characteristics of ECM were shown in Fig. 3 d-g. 
Mantle 18±���ȝP�WKLFN���±9 layers. Hartig net was palmetii and single hyphal rows. 
The outer mantle surface was irregular tree branch-like. ECM of other fungal species 
were not detected in any of the inoculated or control seedlings. 

The ITS sequence of ECM of C. sichuanensis (mycor-YANU004, accession 
number ON113253) has been deposited in GenBank. 7KH�%D\HVLDQ�DQDO\VLV showed C. 
sichuanensis-like mycorrhiza clustered with three &KRLURP\FHV� VSHFLPHQV� IURP� WKLV�
VWXG\�DV�D�ZHOO�VXSSRUWHG�VXEFODGH��33� ������%3� �������)LJ����� 



 

�� 
 

 
)LJ�����D�6L[�PRQWK�ROG�3LQXV�DUPDQGLL�VHHGOLQJV�LQRFXODWHG�ZLWK�&KRLURP\FHV sichuanensis�LQ�SRWV��
EíG�(FWRP\FRUUKL]DO�WLSV�DIWHU�VL[�PRQWK�LQRFXODWLRQ��EDUV� ���PP���H�6HSWDWH��DQG�VHH�WKURXJK�
K\SKDH�HPDQDWLQJ�IURP�WKH�RXWHU�PDQWOH�OD\HU��EDU� ����P���I�3ODQ�YLHZ�RI�WKH�RXWHU�PDQWOH��EDU�
 ����P���J��K�&URVV�VHFWLRQ�VKRZLQJ�WKH�PDQWOH��0���FRUWLFDO�FHOOV��&&���DQG�+DUWLJ�QHW��+1���EDU�
 ����P���L�7DQJHQWLDO�VHFWLRQ�VKRZLQJ�+DUWLJ�QHW��+1���EDU� ����P���M�,UUHJXODU�WUHH�EUDQFK±OLNH�
SDWWHUQ�IRUPHG�E\�HSLGHUPRLG�FHOOV��EDU� ���ȝP� 
 

 

)LJ����D�6L[�PRQWK�ROG�3LFHD�OLNLDQJHQVLV�VHHGOLQJ�LQRFXODWHG�ZLWK�&KRLURP\FHV sichuanensis� LQ�
SRW��E�5RRW�WLSV�RI�3L��OLNLDQJHQVLV�DIWHU�VL[�PRQWK�LQRFXODWLRQ��EDUV� ���PP���F�6L[�PRQWK�ROG�3L��
FUDVVLIROLD�VHHGOLQJ�LQRFXODWHG�ZLWK�&� sichuanensis� LQ�SRW��G�5RRW�WLSV�RI�3L��FUDVVLIROLD�DIWHU�
VL[�PRQWK�LQRFXODWLRQ��EDUV� ���PP�� 
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'LVFXVVLRQ 
 
7KH�SUHVHQW�PRUSKRORJLFDO�DQG�PROHFXODU�UHVXOWV�FRQILUPHG�WKDW�DW�OHDVW�WKUHH�VSHFLHV�
RI�&�� FHUHEULIRUPLV��&�� KHODQVKDQHQVLV� DQG�&�� VLFKXDQHQVLV� ZHUH� ZLWKLQ� WKH� JHQXV�
&KRLURP\FHV�LQ�&KLQD��0RUSKRORJLFDOO\��DVFRVSRUDO�RUQDPHQWDWLRQ�LQ�&��VLFKXDQHQVLV�
KDG� ORQJHU� EOXQW� VSLQH� WKDQ� WKDW� LQ� WZR� RWKHU� &KLQHVH� &KRLURP\FHV� VSHFLHV��
3K\ORJHQHWLF�DQDO\VHV�EDVHG�RQ�,76�VHTXHQFHV�LQGLFDWHG�WKDW�WKH�&KRLURP\FHV�&KLQHVH�
VSHFLPHQV�IRUPHG�DQ�LQGHSHQGHQW�FODGH��)LJ�����&ODGH����ZLWK�KLJK�%D\HVLDQ�3RVWHULRU�
3UREDELOLW\� DQG�ZHUH�HDVLO\�GLVWLQJXLVKDEOH� IURP�&��PHDQGULIRUPLV��7KHUHIRUH�� WKHVH�
PRUSKRORJLFDO�DQG�PROHFXODU�UHVXOWV�SURYLGHG�VWURQJ�VXSSRUW�IRU�&��VLFKXDQHQVLV�DV�D�
QHZ�VSHFLHV�������DQG�����33���,Q�&KLQD��OLWWOH�LV�NQRZQ�DERXW�K\SRJHRXV�IXQJL�RWKHU�
WKDQ� WKH� JHQXV� 7XEHU�� +RZHYHU�� WKH� DEXQGDQFH� DQG� GLYHUVLW\� RI� 7XEHU� VSHFLHV� LQ�
VRXWKZHVW� &KLQD� LQGLFDWH� D� SRWHQWLDO� ELRGLYHUVLW\� RI� RWKHU� K\SRJHRXV� IXQJL� LQ� WKLV�
UHJLRQ�� ,Q� WKLV� VWXG\�� ZH� FRQILUPHG� DQ� LQGHSHQGHQW� VSHFLHV� ZLWKLQ� WKH� JHQXV�
&KRLURP\FHV�DQG�SURYLGHG�IXQGDPHQWDO�GDWD�DERXW�WKH�GLYHUVLW\�RI�VSHFLHV�IRU�IXWXUH�
VWXGLHV� 

7KH�(&0�EHWZHHQ�&��VLFKXDQHQVLV�DQG�3LQXV�DUPDQGLL�ZDV�ZHOO�GHYHORSHG��ZKLOH�
QR� VXFK� DQ� (&0� IRUPDWLRQ� ZDV� REVHUYHG� RQ� 3LFHD� URRWV�� %RWK� PRUSKRORJLFDO�
GHVFULSWLRQV� DQG� PROHFXODU� LGHQWLILFDWLRQ� IXOO\� FRQILUPHG� WKH� UHDO� LGHQWLWLHV� RI�
P\FRUUKL]DWLRQ�EHWZHHQ�&��VLFKXDQHQVLV�DQG�3LQXV�DUPDQGLL�DV�WKH�,76�VHTXHQFHV�RI�
WKH� V\QWKHVL]HG� P\FRUUKL]DH� ZHUH� LGHQWLFDO� WR� WKH� RULJLQDO� DVFRPDWD� XVHG� IRU�
LQRFXODWLRQ��7KLV�UHVXOW�LV�WKH�ILUVW�UHSRUW�RQ�WKH�V\QWKHVL]HG�P\FRUUKL]DH�EHWZHHQ�SLQH�
SODQWV� ZLWK� D� FRPPHUFLDO� SLJ� WUXIIOH� RI� &�� VLFKXDQHQVLV�� %RWK� PRUSKRORJLFDO� DQG�
PROHFXODU�HYLGHQFH�LQ�WKLV�VWXG\�FRXOG�SURYLGH�UHOLDEOH�UHIHUHQFHV�IRU�IXWXUH�VWXGLHV�RI�
RWKHU�&KRLURP\FHV� VSHFLHV�� ,Q� FRQWUDVW��ZH�KDG�QRW� REVHUYHG�(&0� IRUPDWLRQ� HLWKHU�
IURP�3LFHD� OLNLDQJHQVLV� RU�3L�� FUDVVLIROLD�� DOWKRXJK�&�� VLFKXDQHQVLV� VDPSOHV�PLJKW�
FRPH�IURP�D�3LFHD�GRPLQDWHG�IRUHVW��ZKLFK�KDV�WR�EH�FRQILUPHG�LQ�QDWXUH��  

0DL� HW� DO� ������� VKRZHG� WKDW� &�� PHDQGULIRUPLV� SRVLWLYHO\� DIIHFWHG� WKH�
GHYHORSPHQW� RI� 7D[XV� ZDOOLFKLDQD� =XFF�� LQGLFDWLQJ� WKH� HFRORJLFDO� LPSRUWDQFH� RI�
&KRLURP\FHV�� ,Q� WKLV� VWXG\�� ZH� KDG� QRW� VKRZQ� DQ� HIIHFW� RI�&�� VLFKXDQHQVLV� RQ� WKH�
GHYHORSPHQW�RI�KRVW� WUHHV��7KXV�IXUWKHU�VWXGLHV�DUH� UHTXLUHG� WR�EHWWHU�XQGHUVWDQG�WKH�
UHODWLRQVKLSV�EHWZHHQ�&��VLFKXDQHQVLV�DQG�RWKHU�KRVW�WUHHV��QR�PDWWHU�ZKHWKHU�WKH\�DUH�
EHORQJ�WR�WKH�3LQXV�JHQXV�RU�RWKHU�HFWRP\FRUUKL]DO�SODQW�VSHFLHV��7KH�H[SHFWHG�UHVXOWV�
FRXOG� SURYLGH� PDQDJHPHQW� VWUDWHJLHV� IRU� GHYHORSLQJ� PXVKURRP� FXOWLYDWLRQ� XQGHU�
SODQWHG�DQG�QDWXUDO�IRUHVWV��  

 

$FNQRZOHGJPHQWV 
:H�DUH�JUDWHIXO�WR�;LQKXD�+H�IRU�FRQVWUXFWLYH�FRPPHQWV�WKDW�LPSURYHG�WKH�TXDOLW\�RI�
WKH�PDQXVFULSW��  
 

$XWKRU�FRQWULEXWLRQ 
5:�FRQGXFWHG�WKH�H[SHULPHQW��DQDO\]HG�WKH�GDWD��DQG�SUHSDUHG�WKH�PDQXVFULSW��63:�



 

�� 
 

FRQGXFWHG� WKH� H[SHULPHQW�� DQDO\]HG� WKH� GDWD� DQG� SUHSDUHG� WKH� PDQXVFULSW�� -<�
FRQWULEXWHG�WR�SODQW�PDWHULDOV��)4<�VXSHUYLVHG�WKH�UHVHDUFK�DQG�HGLWHG�WKH�PDQXVFULSW��
$OO�DXWKRUV�FRQWULEXWHG�WR�WKH�DUWLFOH�DQG�DSSURYHG� 
 

&RQIOLFW�RI�LQWHUHVW 
7KH�DXWKRUV�GHFODUH�WKDW�WKH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�DEVHQFH�RI�DQ\�FRPPHUFLDO�
RU�ILQDQFLDO�UHODWLRQVKLSV�WKDW�FRXOG�EH�FRQVWUXHG�DV�D�SRWHQWLDO�FRQIOLFW�RI�LQWHUHVW� 
 

)XQGLQJ 
7KLV� ZRUN� LV� VXSSRUWHG� E\� 7KH� 1DWLRQDO� 1DWXUDO� 6FLHQFH� )RXQGDWLRQ� RI� &KLQD�
�����������DQG�%DVLF�5HVHDUFK�3URJUDP�RI�<XQQDQ��������$7�������� 
 

5HIHUHQFHV 
&KHQ�-��<XQ��6XQ�/+��6X�<��=KDR�:4��/LX�3*���������&KRLURP\FHV�KHODQVKDQHQVLV�VS��

QRY��D�QHZ�VSHFLHV�RI�VXEWHUUDQHDQ�WUXIIOH�IURP�&KLQD��0\FRVFLHQFH��������±�����
KWWS���G[�GRL�RUJ���������M�P\F������������ 

)HUGPDQ�<��$YLUDP�6��5RWK�%HMHUDQR�1��7UDSSH� -0� �������3K\ORJHQHWLF� VWXGLHV� RI�
7HUIH]LD�SIHLOLL�DQG�&KRLURP\FHV�HFKLQXODWXV��3H]L]DOHV��VXSSRUW�QHZ�JHQHUD�IRU�
VRXWKHUQ�$IULFDQ�WUXIIOHV��.DODKDULWXEHU�DQG�(UHPLRP\FHV��0\FRORJLFDO�5HVHDUFK�
��������±�����KWWS���G[�GRL�RUJ���������6���������������� 

*DUGHV�0��%UXQV�7'��������,76�SULPHUV�ZLWK�HQKDQFHG�VSHFLILFLW\�IRU�EDVLGLRP\FHWHV�
�DSSOLFDWLRQ�WR�WKH�LGHQWLILFDWLRQ�RI�P\FRUUKL]DH�DQG�UXVWV��0ROHFXODU�(FRORJ\����
���±�����KWWSV���GRL�RUJ���������M���������;������WE������[ 

+DOO��7�$�� �������%LR(GLW�� D�XVHU±IULHQGO\�ELRORJLFDO�VHTXHQFH� DOLJQPHQW�HGLWRU� DQG�
DQDO\VLV�SURJUDP�IRU�:LQGRZV�������17��QXFOHLF�$FLGV�6\PSRVLXP�6HULHV����������
��±��� 

+XDQJ�//��*XHULQ�/DJXHWWH�$��:DQJ�5��/L�<0��<X�)4��������0\FRUUKL]DO�V\QWKHVLV�
RI�7XEHU�SVHXGRKLPDOD\HQVH�ZLWK�VHYHQ�EURDG�OHDYHG�WUHHV�DQG�3LQXV�DUPDQGLL�
0\FRVFLHQFH��������í�����KWWS���G[�GRL�RUJ����������P\FRVFL������������ 

.DWRK�.��6WDQGOH\��'0��������0$))7�PXOWLSOH�VHTXHQFH�DOLJQPHQW�VRIWZDUH�YHUVLRQ�
���LPSURYHPHQWV�LQ�SHUIRUPDQFH�DQG�XVDELOLW\��0ROHFXODU�%LRORJ\�DQG�(YROXWLRQ�
�������±�����KWWSV����GRL�RUJ���������PROEH�Y�PVW��� 

.LUN�30��&DQQRQ�3)��0LQWHU�':��6WDOSHUV�-$��������'LFWLRQDU\�RI�WKH�IXQJL����WK�HGQ��
&$%�,QWHUQDWLRQDO��:DOOLQJIRUG��2[RQ� 

0DLD� /&�� <DQR� $0�� .LPEURXJK� -:� ������� 6SHFLHV� RI� $VFRP\FRWD� IRUPLQJ�
HFWRP\FRUUKL]DH��0\FRWD[RQ��������±���� 

0DL�'6��9LHW�7'��$X�97��6DQGRU�+��3HWHU�6���������6WXGLHV�RQ�WKH�6\PELRVLV�EHWZHHQ�
6RPH� 1DWXUDO� 7UXIIOHV� DQG� 7D[XV� ZDOOLFKLDQD� =XFF� LQ� /DP� 'RQJ� 3URYLQFH��
9LHWQDP�� $3&%((� 3URFHGLD�� ��� ���í����
KWWSV���GRL�RUJ���������M�DSFEHH������������ 

0F1HLOO�-��%DUULH�))��%XFN�:5��'HPRXOLQ�9��*UHXWHU�:��+DZNVZRUWK�'/��+HUHQGHHQ�

http://dx.doi.org/10.1016/j.myc.2016.04.001
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
http://dx.doi.org/10.47371/mycosci.2021.06.004
https://doi.org/10.1016/j.apcbee.2012.11.019
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36�� .QDSS� 6�� 0DUKROG� .�� 3UDGR� -�� 3UXG¶KRPPH� YDQ� 5HLQH� :)�� 6PLWK� *)��
:LHUVHPD� -��7XUODQG� 1-� �HGV��� �������� ,QWHUQDWLRQDO� FRGH� RI� QRPHQFODWXUH� IRU�
DOJDH��IXQJL��DQG�SODQWV��0HOERXUQH�FRGH���.RHOW]�6FLHQWLILF�%RRNV��.¼RQLJVWHLQ�
�5HJQXP�9HJHWDELOH�QR������� 

0RUHQR� *��$OYDUDGR� 3��0DQMRQ� -/� ������� 3K\ORJHQHWLF� DIILOLDWLRQ� RI�&KRLURP\FHV�
PDJQXVLL� DQG� &�� YHQRVXV� �7XEHUDFHDH�$VFRP\FRWD�� IURP� 6SDLQ�� 0\FRORJLFDO�
3URJUHVV��������±�����KWWS���G[�GRL�RUJ���������V���������������� 

3HJOHU�'1�� 6SRRQHU�%0��<RXQJ�7:.� �������%ULWLVK� WUXIIOHV�� D� UHYLVLRQ� RI�%ULWLVK�
K\SRJHRXV�IXQJL��5R\DO�%RWDQLF�*DUGHQV��.HZ��/RQGRQ��,6%1���������������� 

5RQTXLVW�)��+XHOVHQEHFN�-3��������0U%D\HV����%D\HVLDQ�SK\ORJHQHWLF�LQIHUHQFH�XQGHU�
PL[HG� PRGHOV�� %LRLQIRUPDWLFV� ���� ����±������
KWWS���G[�GRL�RUJ���������ELRLQIRUPDWLFV�EWJ��� 

6WDPDWDNLV� $� ������� 5$[0/�9,�+3&�� PD[LPXP�OLNHOLKRRG�EDVHG� SK\ORJHQHWLF�
DQDO\VHV�ZLWK�WKRXVDQGV�RI�WD[D�DQG�PL[HG�PRGHOV��%LRLQIRUPDWLFV���������±������
KWWS���G[�GRL�RUJ���������ELRLQIRUPDWLFV�EWO��� 

7UDSSH�-0��������*HQHULF�V\QRQ\PV�LQ�WKH�7XEHUDOHV��0\FRWD[RQ�������±���� 
9LWWDGLQL�&��������0RQRJUDSKLD�7XEHUDFHDUXP��0LODQR� 
:HGHQ�&��/DUVVRQ�6��%XUPDQ�5��%DFNOXQG�$��������7KH�HGLEOH� WUXIIOH�&KRLURP\FHV�

YHQRVXV�DQG�LWV�XVH�LQ�6ZHGHQ��$FWD�%RWDQLFD�<XQQDQLFD�6XSSO�������±��� 
:KLWH�7-��%UXQV�7��/HH�6��7D\ORU�-��������$PSOLILFDWLRQ�DQG�GLUHFW�VHTXHQFLQJ�RI�IXQJDO�

ULERVRPDO�51$�JHQHV�IRU�SK\ORJHQHWLFV��,Q��,QQLV��0���*HOIDQG��'���6QLQVN\��-��	�
:KLWH��7���(GV���3&5�3URWRFROV��$�*XLGH�WR�0HWKRGV�DQG�$SSOLFDWLRQV��$FDGHPLF�
3UHVV�� 6DQ� 'LHJR�� SS�� ���±����� KWWSV���GRL�RUJ���������%����������������
��������� 

<DQJ� =/�� =KDQJ� /)� ������� 7\SH� VWXGLHV� RQ� &OLWRF\EH� PDFURVSRUD� DQG� ;HUXOD�
IXUIXUDFHD� YDU�� ELVSRUD�� 0\FRWD[RQ� ���� ���±�����
KWWSV���GRL�RUJ���������M�VSDFHSRO������������ 

<XDQ� 7-�� 5DVS� 2�� <RQJ�-XQ� /L�� :DQJ� /L�� 6KX�+RQJ� /L� ������� &KRLURP\FHV�
FHUHEULIRUPLV� �WXEHUDFHDH��� D� QHZ� K\SRJHRXV� VSHFLHV� IURP� <XQQDQ�� &KLQD��
3K\WRWD[D�������������±�����KWWS���G[�GRL�RUJ����������SK\WRWD[D�������� 

=KDQJ�<��=KDQJ�&��������6WXG\�RQ�HQYLURQPHQW�LPSDFW�IDFWRUV�RI�3LQXV�DUPDQGLL�IRUHVW�
LQ�<XQQDQ�3URYLQFH��)RUHVW�5HVRXUFHV�0DQDJHPHQW��������í����,Q�&KLQHVH��ZLWK�
(QJOLVK�DEVWUDFW��KWWS���G[�GRL�RUJ����������M�FQNL�O\]\JO������������ 
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7KH�(XURSHDQ�GHOLFDF\�7XEHU�PHODQRVSRUXP�IRUPV�P\FRUUKL]DH�ZLWK�

VRPH�LQGLJHQRXV�&KLQHVH�4XHUFXV�VSHFLHV�DQG�SURPRWHV�JURZWK�RI�WKH�

RDN�VHHGOLQJV 
5DQ�:DQJ�������$OH[LV�*XHULQ�/DJXHWWH�������5XWK�%XWOHU���/DQ�/DQ�+XDQJ�����)X�4LDQJ�
<X��� 
 
��&$6�.H\�/DERUDWRU\� IRU�3ODQW�'LYHUVLW\�DQG�%LRJHRJUDSK\�RI�(DVW�$VLD��&KLQHVH�$FDGHP\�RI�
6FLHQFHV������/DQKHL�5RDG��.XQPLQJ��<XQQDQ���������3HRSOH¶V�5HSXEOLF�RI�&KLQD�  
��6:)8�.,%�&$6�-RLQW�,QVWLWXWH�IRU�$SSOLHG�0\FRORJ\��.XQPLQJ���������<XQQDQ��&KLQD�  
��'HSDUWPHQW� RI�&URS� DQG�)RUHVW� 6FLHQFH��8QLYHUVLW\� RI�/OHLGD��$Y��$OFDOGH�5RYLUD�5RXUH�� �����
������/OHLGD��6SDLQ�  
��7KH�1HZ�=HDODQG� ,QVWLWXWH� IRU�3ODQW�DQG�)RRG�5HVHDUFK�/LPLWHG��*HUDOG�6WUHHW��/LQFROQ�������
1HZ�=HDODQG�  
��9LVLWLQJ�6FLHQWLVW��.XQPLQJ�,QVWLWXWH�RI�%RWDQ\��&KLQHVH�$FDGHP\�RI�6FLHQFHV��.XQPLQJ��&KLQD 
 
3XEOLVKHG��0\FRUUKL]D���������±��� 
 
 
 
$EVWUDFW 
 
:H�DLPHG�WR�WHVW�ZKHWKHU�7XEHU�PHODQRVSRUXP�DQG�QDWLYH�&KLQHVH�RDN�VSHFLHV�FRXOG�
IRUP�VWDEOH�P\FRUUKL]DO�V\PELRVHV��6L[�RDN�VSHFLHV�ZHUH�DOO�HLWKHU�LQRFXODWHG�RU�QRW��
ZLWK� VSRUHV� RI� WKH� 3pULJRUG� EODFN� WUXIIOH� LQ� WKH� JUHHQKRXVH�� (FWRP\FRUUKL]DO�
GHYHORSPHQW�ZDV�PRQLWRUHG�IRU�XS�WR����PRQWKV��6HHGOLQJ�JURZWK�ZDV�DVVHVVHG���\HDUV�
DIWHU� LQRFXODWLRQ�� )URP� �� PRQWKV� DIWHU� LQRFXODWLRQ�� 7XEHU� PHODQRVSRUXP�
HFWRP\FRUUKL]DV�ZHUH�VXFFHVVIXOO\�SURGXFHG�RQ�ILYH�4XHUFXV�VSHFLHV�HQGHPLF�WR�&KLQD��
DV�VKRZQ�E\�PRUSKRORJLFDO��DQDWRPLFDO��DQG�PROHFXODU�DQDO\VHV��4XHUFXV�PRQJROLFD�
DQG�4��ORQJLVSLFD�VKRZHG�KLJK�UHFHSWLYLW\�WR�P\FRUUKL]DWLRQ�E\�7��PHODQRVSRUXP��7KH�
V\PELRVHV�REWDLQHG�ZLWK�WKHVH�WZR�VSHFLHV�DQG�ZLWK�4XHUFXV�VHQHVFHQV�ZHUH�VWDEOH�IRU�
DW� OHDVW� ��� PRQWKV�� $YHUDJHG� RYHU� DOO� WKUHH� RDN� VSHFLHV�� P\FRUUKL]DWLRQ� E\� 7��
PHODQRVSRUXP�VLJQLILFDQWO\�HQKDQFHG�FDQRS\�GLDPHWHU��QXPEHU�RI� OHDYHV��DQG�PHDQ�
OHDI� GLPHQVLRQ�� ,Q� VSULQJ� ������ P\FRUUKL]DWLRQ� E\� 7�� PHODQRVSRUXP� DFFHOHUDWHG�
EXGEUHDN�LQ�4��PRQJROLFD��4XHUFXV�IDEUHL�DQG�4��YDULDELOLV�IRUPHG�HFWRP\FRUUKL]DH�
XS�WR���PRQWKV�DIWHU�LQRFXODWLRQ�EXW�VHHGOLQJV�GLHG���PRQWKV�ODWHU��SUREDEO\�EHFDXVH�RI�
GDPDJH� E\� JUD]LQJ� LQVHFWV�� 4XHUFXV� SVHXGRVHPHFDUSLIROLD� IDLOHG� WR� IRUP�
HFWRP\FRUUKL]DH�� 5HVXOWV� VXJJHVW� WKDW�7��PHODQRVSRUXP±P\FRUUKL]HG�4��PRQJROLFD�
DQG�4�� ORQJLVSLFD� VHHGOLQJV� FRXOG� EH� WHVWHG� IRU� DVFRFDUS� SURGXFWLRQ� DQG� LQFUHDVHG�
SHUIRUPDQFH�LQ�WKH�ILHOG� 
 
.H\ZRUGV�7XEHU�PHODQRVSRUXP��4XHUFXV� VSS���0\FRUUKL]DO� V\QWKHVLV�� &KLQD��+RVW�



 

�� 
 

SODQW�JURZWK 
 
,QWURGXFWLRQ 
 
7KH�3pULJRUG�EODFN�WUXIIOH��7XEHU�PHODQRVSRUXP�9LWWDG���$VFRP\FRWD��3H]L]DOHV���DOVR�
NQRZQ�DV�³WKH�EODFN�GLDPRQG�RI�)UHQFK�FXLVLQH�´�LV�KLJKO\�DSSUHFLDWHG�EHFDXVH�RI�LWV�
VSHFLDO� WDVWH� DQG� DURPD� �0HOOR� HW� DO�� ������� ,W� LV� SUREDEO\� WKH� PRVW� HFRQRPLFDOO\�
LPSRUWDQW� WUXIIOH� LQ�(XURSH� �'RQQLQL� HW� DO�� ������ DQG� LWV� FRPPHUFLDO� YDOXH� LV�PXFK�
KLJKHU�WKDQ�WKRVH�RI�RWKHU�EODFN�WUXIIOH�VSHFLHV��7XEHU�PHODQRVSRUXP�JURZV�QDWXUDOO\�
LQ�V\PELRVLV�ZLWK�VHYHUDO�RDN�VSHFLHV�DQG�KD]HOQXW�WUHHV�LQ�0HGLWHUUDQHDQ�FRQGLWLRQV��
LQ�6SDLQ��)UDQFH��DQG�,WDO\��5H\QD�DQG�*DUFLD�%DUUHGD�������&XOOHUp�HW�DO���������7KH�
FXOWLYDWLRQ� RI� 7�� PHODQRVSRUXP� KDV� EHHQ� VWXGLHG� IURP� WKH� HDUO\� ����V� �)DVVL� DQG�
)RQWDQD��������&KHYDOLHU�DQG�*UHQWH��������GHPRQVWUDWHG�WKH�FRPPHUFLDO�SRWHQWLDO�RI�
WUXIIOH�P\FRUUKL]DO�VHHGOLQJV��7KH�GHOLFDF\�LV�QRZ�FXOWLYDWHG�ZRUOGZLGH�E\�HVWDEOLVKLQJ�
WUXIILqUHV�ZLWK� VHHGOLQJV��PRVWO\� (XURSHDQ�4XHUFXV� VSHFLHV� RU�&RU\OXV� DYHOODQD�/���
P\FRUUKL]HG�LQ�WKH�QXUVHU\�E\�7��PHODQRVSRUXP��%RQHW�HW�DO��������0XUDW�������0DUWLQ�
6DQWDIH�HW�DO��������5H\QD�DQG�*DUFLD�%DUUHGD�������0RUFLOOR�HW�DO���������7KLV�QXUVHU\�
P\FRUUKL]DO�WHFKQRORJ\�KDV�DOORZHG�WKH�FXOWLYDWLRQ�RI�WKH�EODFN�WUXIIOH�WR�EH�JHQHUDOL]HG�
DQG�KDV�HQDEOHG�WKH�GHYHORSPHQW�DQG�JURZWK�RI�WKH�WUXIIOH�LQGXVWU\�ZRUOGZLGH��0XUDW�
������ 

7XEHU�PHODQRVSRUXP�LV�QRW�QDWXUDOO\�SUHVHQW�LQ�&KLQD��EXW�WKLV�FRXQWU\�KDV�JUHDW�
SRWHQWLDO�IRU�ERWK�WKH�FXOWLYDWLRQ�DQG�WKH�PDUNHWLQJ�RI�JRXUPHW�WUXIIOHV��JLYHQ�LWV�ZLGH�
UDQJH�RI�FOLPDWHV�DQG�VRLOV��LWV�VWURQJ�IRUHVWU\�VHFWRU��:X�������1L�HW�DO���������LWV�ODUJH�
SRSXODWLRQ�� DQG� WKH� VWURQJ� LQWHUHVW� RI� FRQVXPHUV� IRU� HGLEOH� IXQJL� FXOWLYDWLRQ� VLQFH�
DQFLHQW�WLPHV��-LD�HW�DO���������6R�IDU��PRUH�WKDQ����7XEHU�VSS��KDYH�EHHQ�IRXQG�LQ�&KLQD�
�&KHQ�������&KHQ�HW�DO��������:DQ��������7KH�ILUVW�FXOWLYDWHG�DVFRFDUSV�ZHUH�KDUYHVWHG�
IURP�D�7XEHU�IRUPRVDQXP�SODQWDWLRQ�LQ�7DLZDQ�LQ�������+X�HW�DO���������7XEHU�LQGLFXP�
&RRN�DQG�0DVVHH��7XEHU�KLPDOD\HQVH�=KDQJ�0LQWHU��DQG�7XEHU�VLQHQVH�7DR�DQG�/LX��
WKH� EODFN� WUXIIOHV� RULJLQDWLQJ� IURP� $VLD�� KDYH� EHFRPH� ZHOO�NQRZQ� HGLEOH� IXQJL�
LQWHUQDWLRQDOO\��0XUDW�HW�DO���������'HVSLWH�WKHLU�KLJK�VLPLODULW\�ZLWK�7��PHODQRVSRUXP��
WKHVH�EODFN�WUXIIOHV�DUH�FRQVLGHUHG�E\�VRPH�WR�EH�LQIHULRU�LQ�WDVWH�DQG�DURPD��3DRORFFL�
HW�DO��������=KDQJ�HW�DO��������&XOOHUp�HW�DO���������+RZHYHU��LW�LV�DOVR�UHFRJQL]HG�WKDW�
WKH�SHUFHSWLRQ�RI�LQIHULRU�RUJDQROHSWLF�SURSHUWLHV�ZDV�LQ�SDUW�GXH�WR�WKH�SUHGRPLQDQFH�
RI�LPPDWXUH�DVFRFDUSV�RI�&KLQHVH� WUXIIOHV�DYDLODEOH�LQ�WKH�PDUNHWV��/LX�HW�DO���������
,QGHHG��PDQ\�&KLQHVH�IDUPHUV�KXQW�WUXIIOH�HDUO\�LQ�WKH�VHDVRQ�ZLWKRXW�WKH�DVVLVWDQFH�RI�
GRJV� �:DQJ�<XQ�� SHUV�� FRPP���� 7R� LQWURGXFH� WKH� 3pULJRUG� EODFN� WUXIIOH� LQ� &KLQD��
P\FRUUKL]DH� ZHUH� V\QWKHVL]HG� VXFFHVVIXOO\� E\� LQRFXODWLQJ� 7�� PHODQRVSRUXP� RQWR�
GLIIHUHQW�&KLQHVH�LQGLJHQRXV�WUHHV��LQFOXGLQJ�&DVWDQRSVLV�K\VWUL[��&KHQ��������3LQXV�
\XQQDQHQVLV��/LQ�HW�DO���������DQG�3��DUPDQGLL��6X�HW�DO���������$OWKRXJK�WKH�SHUVLVWHQFH�
RI� LQWURGXFHG� P\FRUUKL]DH� RI� 7�� PHODQRVSRUXP� KDV� EHHQ� REVHUYHG� LQ� 6LFKXDQ� DQG�
*XL]KRX� LQ� SODQWDWLRQV� RI� H[RWLF� DQG� LQGLJHQRXV� KRVW� WUHHV�� QR� WUXIIOH� KDV� \HW� EHHQ�
SURGXFHG�LQ�WKRVH�SODQWDWLRQV�ZKLFK�DUH�FXUUHQWO\���WR����\HDUV�ROG��:DQJ�<XQ��SHUV��
FRPP��� 

$OO�WUXIIOHV�OLYH� LQ�P\FRUUKL]DO�V\PELRVLV�ZLWK�WKH� URRWV�RI�VXLWDEOH�KRVW�SODQWV��



 

�� 
 

7XEHU�DVVRFLDWHG� KRVW� WUHHV�PD\� KDYH� HFRQRPLFDO� YDOXH� DV� WLPEHU� �SLQH�� RDN��� IRRG�
�SHFDQ��KD]HOQXW���DQG�LQ�IXHO�SURGXFWLRQ��SRSODU��RDN���'HO�/XQJR�HW�DO��������%HQXFFL�
HW� DO�� ������� 7KH\� DOVR� KDYH� DQ� LPSRUWDQW� HFRORJLFDO� YDOXH� LQ� QDWXUH� DV� PDMRU�
UHIRUHVWDWLRQ�VSHFLHV��0RUH�WKDQ����4XHUFXV�VSS��DUH�QDWXUDOO\�GLVWULEXWHG�LQ�&KLQD��:X�
DQG�%DR��������2YHU����GHFLGXRXV�VSHFLHV�GRPLQDWH� IRUHVWV� LQ� WHPSHUDWH�DQG�ZDUP�
WHPSHUDWH� ]RQHV� �:X�DQG�%DR��������)DEHU¶V� RDN�4XHUFXV� IDEUHL�+DQFH�� SURGXFLQJ�
HGLEOH�DFRUQV��0LQ�HW�DO���������DQG�0RQJROLDQ�RDN�4XHUFXV�PRQJROLFD�)LVFK���6KHQ�HW�
DO��������JURZ�IURP�WKH�VRXWK�WR�WKH�QRUWK�RI�&KLQD�DV�H[FHOOHQW�ODQGVFDSLQJ�VSHFLHV�
�=KRX�������:X�DQG�%DR��������0RUH� WKDQ���� VSHFLHV� RI� VFOHURSK\OORXV� HYHUJUHHQ�
EURDG�OHDI�RDNV�DUH�GLVWULEXWHG� LQ�QRUWKZHVW�<XQQDQ��ZHVWHUQ�6LFKXDQ�DQG�6RXWKHDVW�
7LEHW��-LQ�DQG�4X��������0RVW�RI�WKHVH�VSHFLHV�JURZ�LQ�UHJLRQV�ZLWK�SRRU�VRLO�RU�DGYHUVH�
FOLPDWHV��LQFOXGLQJ�4XHUFXV�IUDQFKHWLL�6NDQ��DQG�4XHUFXV�EDURQLL�6NDQ���ZKLFK�DUH�ERWK�
SUHVHQW�LQ�GU\�KRW�YDOOH\V��DV�WKH\�KDYH�WKH�DELOLW\�WR�WROHUDWH�KHDW�DQG�GURXJKW��6SHFLHV�
LQ�4XHUFXV�VHFW��+HWHUREDODQXV�DUH�DGDSWHG�WR�D�FROG�DQG�GU\�HQYLURQPHQW�DQG�GRPLQDWH�
LQ�WKH�+HQJGXDQ�0RXQWDLQ�UHJLRQV��=KRX�HW�DO��������0HQJ�HW�DO�������� 

7KH�FDUHIXO�VHOHFWLRQ�RI�WUHH�KRVW�VSHFLHV�LV�LPSRUWDQW�WR�WKH�VXFFHVVIXO�FXOWLYDWLRQ�
RI� WUXIIOHV� �3DOD]yQ�DQG�%DUULXVR�������� ,Q�RXU�VWXG\��ZH�DWWHPSWHG� WR� LQRFXODWH�VL[�
VSHFLHV�RI�4XHUFXV�LQGLJHQRXV�WR�&KLQD�ZLWK�7��PHODQRVSRUXP�VSRUH�LQRFXOXP��7KUHH�
RI�WKHVH�VSHFLHV�DUH�GHFLGXRXV��L�H���WKH�&KLQHVH�FRUN�RDN�4XHUFXV�YDULDELOLV�%OXPH��/HL�
HW�DO���������4��IDEUHL��DQG�4��PRQJROLFD��DQG�WKUHH�DUH�HYHUJUHHQ�VSHFLHV�RI�4XHUFXV�
VHFW�� +HWHUREDODQXV�� L�H��� 4XHUFXV� ORQJLVSLFD� �+DQG��0D]]��� $�� &DPXV�� 4XHUFXV�
VHQHVFHQV�+DQG��0D]]���DQG�4XHUFXV�SVHXGRVHPHFDUSLIROLD�$��&DPXV��7KHVH�VSHFLHV�
ZHUH�UHWDLQHG�EHFDXVH�WKH\�KDYH�D�ZHOO�GHYHORSHG�URRW�V\VWHP�DQG�FDQ�DGDSW�WR�GLIIHUHQW�
KDELWDWV�DQG�DOWLWXGHV��(GLWRULDO�&RPPLWWHH�RI�WKH�)ORUD�RI�&KLQD�RI�&KLQHVH�$FDGHP\�
RI�6FLHQFHV�������=KRX��������$OO�VSHFLHV�DUH�FRPPRQ�DQG�LPSRUWDQW�LQ�GLIIHUHQW�DUHDV��
4XHUFXV� PRQJROLFD�� IRU� H[DPSOH�� LV� D� WLPEHU� VSHFLHV�� ,WV� OHDYHV� FRQWDLQ� ������ RI�
SURWHLQV�DQG�FDQ�EH�XVHG�WR�IHHG�VLONZRUPV��,WV�VHHGV�FRQWDLQ�������RI�VWDUFK�DQG�FDQ�
EH�XVHG�WR�PDNH�ZLQH�RU�IRGGHU��,Q�&KLQHVH�WUDGLWLRQDO�PHGLFLQH��LWV�EDUN�LV�XVHG�WR�WUHDW�
GLDUUKHD�DQG�G\VHQWHU\��(GLWRULDO�&RPPLWWHH�RI�WKH�)ORUD�RI�&KLQD�RI�&KLQHVH�$FDGHP\�
RI�6FLHQFHV�������� 

:H�DLPHG�WR�DFFOLPDWL]H�WKH�P\FRUUKL]DH�REWDLQHG�LQ�JODVVKRXVH�FRQGLWLRQV�DQG�
DVVHVV�ZKLFK�RDN� VSHFLHV� FRXOG� HVWDEOLVK� D� SHUVLVWHQW�P\FRUUKL]DO� V\PELRVLV�ZLWK� 7��
PHODQRVSRUXP�DQG�� WKHUHIRUH�� EH�SRWHQWLDO� FDQGLGDWHV� IRU� FXOWLYDWLQJ� WKLV� KLJK�YDOXH�
WUXIIOH�VSHFLHV�LQ�&KLQD�LQ�WKH�IXWXUH��:H�LQFOXGHG�FRQWURO��XQLQRFXODWHG�VHHGOLQJV��DV�D�
UHIHUHQFH� IRU� P\FRUUKL]D� GHYHORSPHQW� DQG� DV� D� PHDQV� WR� DQDO\]H� WKH� HIIHFWV� RI�
P\FRUUKL]DWLRQ�RQ�KRVW�SODQW�JURZWK�DQG�SKHQRORJ\� 
 
0DWHULDOV�DQG�PHWKRGV�  
 
3ODQW�RULJLQ�DQG�WUXIIOH�LQRFXODWLRQ�  
 
7KH� RULJLQ� RI� VHHGV� LV� JLYHQ� LQ�7DEOH� ��� 6HHGV� RI�4�� IDEUHL� DQG�4�� YDULDELOLV� ZHUH�
FROOHFWHG�IURP�WKH�.XQPLQJ�%RWDQLFDO�*DUGHQ�LQ�ZLQWHU�������6HHGV�ZHUH�VRDNHG�LQ�
WDS�ZDWHU�IRU���GD\��ZLWK�DQ�LQLWLDO�ZDWHU�WHPSHUDWXUH�RI�����&��0DR�HW�DO���������6RDNHG�



 

�� 
 

VHHGV� ZHUH� VWHULOL]HG� LQ� VRGLXP� K\SRFKORULWH� ���� DYDLODEOH� FKORULQH�� IRU� �� K�� WKHQ�
WKRURXJKO\� ULQVHG� LQ� WDS� ZDWHU�� 6HHGV� ZHUH� VRZQ� LQ� )HEUXDU\� ����� LQ� D� VWHULOL]HG�
PL[WXUH�RI�SHUOLWH�DQG�YHUPLFXOLWH���������Y�Y���6WHULOH��DJDUJURZQ��VSURXWHG�VHHGV�RI�4��
PRQJROLFD��4��ORQJLVSLFD��4��VHQHVFHQV��DQG�4��SVHXGRVHPHFDUSLIROLD�ZHUH�REWDLQHG�
IURP�WKH�6RXWKZHVW�*HUPSODVP�%DQN�RI�:LOG�6SHFLHV�LQ�HDUO\�1RYHPEHU�������7KH\�
ZHUH�WUDQVSODQWHG�LQWR�D�VWHULOL]HG�PL[�RI�SHUOLWH�DQG�YHUPLFXOLWH���������Y�Y���)RU�ERWK�
VHHGV�DQG�JHUPLQDWHG�VHHGOLQJV��WKH�SHUOLWH�YHUPLFXOLWH�PL[WXUH�ZDV�KHOG�LQ�ODUJH�SODVWLF�
FUDWHV�OLQHG�ZLWK�D�FRWWRQ�PHVK��  

$VFRFDUSV� RI� 7�� PHODQRVSRUXP� ZHUH� VRXUFHG� IURP� &DQWHUEXU\�� 1HZ� =HDODQG�
�7HZQLRQ� WUXIILqUH� KWWSV���EODFNWUXIIOHV�FR�Q]���� FRQILUPHG� WUXH� WR� VSHFLHV� E\�
PRUSKRORJLFDO� LGHQWLILFDWLRQ� �5LRXVVHW� HW� DO�� ������� WKHQ� VOLFHG� DQG� GULHG� DW� URRP�
WHPSHUDWXUH�IRU�RYHU����K��XVLQJ�DQ�DLU�GHKXPLGLILHU��DQG�VWRUHG�LQ�SODVWLF�EDJV�DW����&�
XQWLO�XVH�H[FHSW�GXULQJ�WKH����K�WUDQVSRUW�IURP�1HZ�=HDODQG�WR�&KLQD��6XEVWUDWH�IRU�
LQRFXODWLRQ�ZDV�PDGH�RI� SHDW� �-LII\��7KH�1HWKHUODQGV��� SXPLFH� �)X\XDQ��.XQPLQJ���
SLQH�EDUN��0X�PX�%LRORJ\��=KHMLDQJ���DQG�OLPH��.XQPLQJ��LQ�WKH�IROORZLQJ�SURSRUWLRQV�
���������� Y�Y��� UHVSHFWLYHO\�� 7KLV� VXEVWUDWH� SUHYLRXVO\� SURGXFHG� P\FRUUKL]DH� RI� 7��
LQGLFXP��7XEHU� IRUPRVDQXP�� DQG�7XEHU� OLMLDQJHQVH�ZLWK� VHYHUDO� KRVW� SODQWV� VXFK� DV�
3RSXOXV� \XQQDQHQVLV� DQG�4XHUFXV� ZXWDLVKDQLFD� �+XDQJ�� XQSXEOLVKHG��� ,W� ZDV� DOVR�
VXFFHVVIXOO\�XVHG�WR�SURGXFH�RYHU������P\FRUUKL]DO�VHHGOLQJV�LQFOXGLQJ�FRPELQDWLRQV�
VXFK� DV� 7�� LQGLFXP� î�4XHUFXV� IDEUHL� RU�4XHUFXV� YDULDELOLV� �<X� HW� DO�� XQSXEOLVKHG���
6XEVWUDWH�ZDV�VWHULOL]HG�E\�DXWRFODYLQJ�LQ����/�EDJV�IRU�����K�DW������&��7KH�ILQDO�S+�
RI�WKH�VXEVWUDWH�ZDV�DGMXVWHG�WR�����E\�DGGLQJ�&D&2��DQG�0J&2�������J�DQG�����J�/��
UHVSHFWLYHO\��'ULHG�DVFRFDUSV�ZHUH�VRDNHG�LQ�QRQ�VWHULOH�GLVWLOOHG�ZDWHU�IRU����K�DW����&��
WKHQ�EOHQGHG�IRU��±���PLQ�ZLWK�GLVWLOOHG�ZDWHU����J�GU\�WUXIIOH����P/���(DFK�VHHGOLQJ�
ZDV�ULQVHG�LQ�WDS�ZDWHU�WR�UHPRYH�UHPDLQLQJ�VXEVWUDWH�DQG�URRWV�ZHUH�NHSW�PRLVWHQHG�
XQWLO�LQRFXODWLRQ��7HQ�PLOOLOLWHUV�RI�VSRUH�VOXUU\��FRQWDLQLQJ�WKH�HTXLYDOHQW�RI���J�RI�IUHVK�
WUXIIOH�RU����î�����VSRUHV�SHU�VHHGOLQJ��ZDV�GLVWULEXWHG�ZLWK�D���P/�SLSHWWH�DURXQG�WKH�
WKLUG�XSSHU�]RQH�RI�WKH�URRW�V\VWHP�RI�HDFK�VHHGOLQJ��&RQWURO��XQLQRFXODWHG�VHHGOLQJV�
UHFHLYHG����P/�RI�GLVWLOOHG�ZDWHU��7KH�LQRFXODWLRQ�RI�VHHGOLQJV�WRRN�SODFH�LQ�����P/�
VTXDUH�SRWV� ������î�����î����� FP��6���;LQJXDQJKH�KRUWLFXOWXUH��=KHMLDQJ�� XVLQJ� WKH�
VXEVWUDWH�GHVFULEHG�DERYH��  

7ZR�VHSDUDWH�LQRFXODWLRQ�VHULHV�ZHUH�PDGH��)LYH�VHHGOLQJV�HDFK�RI�4��IDEUHL�DQG�
4��YDULDELOLV�ZHUH�LQRFXODWHG�ZLWK�7��PHODQRVSRUXP�XVLQJ�WKLV�PHWKRG�RQ���'HFHPEHU�
������,Q�DGGLWLRQ��ILYH�VHHGOLQJV�HDFK�RI�4��PRQJROLFD��4��ORQJLVSLFD��4��VHQHVFHQV��
DQG�4��SVHXGRVHPHFDUSLIROLD�ZHUH�LQRFXODWHG�ZLWK�7��PHODQRVSRUXP�RQ����-XO\������
XVLQJ�WKH�VDPH�PHWKRG��$OO�VHHGOLQJV�ZHUH����PRQWKV�ROG�DW�LQRFXODWLRQ��  

6HHGOLQJV�ZHUH�JURZQ�DW� WKH�.XQPLQJ� ,QVWLWXWH� RI�%RWDQ\� �.,%��XQGHU� QDWXUDO�
OLJKW��H�J�������ȝPROí��V�í��LQVLGH�LQ�-XQH��LQ�D������P��UHFHQW�JODVVKRXVH��ILWWHG�ZLWK�
URRI�SDQHOV�WKDW�FDQ�EH�RSHQHG�DQG�ZLWK�DQ�H[WUDFWRU�IDQ�FRROLQJ�V\VWHP�ZLWK�D�PD[LPDO�
PLGGD\�WHPSHUDWXUH�RI�����&�LQ�VXPPHU�PRQWKV��6HHGOLQJV�ZHUH�ZDWHUHG�WR�UHDFK�ILHOG�
FDSDFLW\�ZLWK� WDS�ZDWHU� WKUHH� WLPHV� D�ZHHN��6HHGOLQJV�ZHUH�PDLQWDLQHG� IRU� �� WR� ���
PRQWKV�DIWHU�LQRFXODWLRQ��VRPH�VHHGOLQJV�GLHG�GXULQJ�WKH�FRXUVH�RI�WKH�VWXG\���3RWV�ZHUH�
DUUDQJHG�LQ�JURXSV�UDWKHU�WKDQ�XVLQJ�D�UDQGRPL]HG�DUUDQJHPHQW��(DFK�JURXS�FRQVLVWHG�
RI�D�JLYHQ�RDN�VSHFLHV�LQRFXODWHG�RU�QRW�ZLWK�7��PHODQRVSRUXP�����VHHGOLQJV�GLVWULEXWHG�



 

�� 
 

LQ� WZR� URZV� �RQH� LQRFXODWHG�� RQH� XQLQRFXODWHG�� RI� ILYH� VHHGOLQJV�� :KLOH� WKLV�
DUUDQJHPHQW�LV�JHQHUDOO\�QRW�D�JRRG�SUDFWLFH��+XUOEHUW��������LW�ZDV�IHOW�WKDW�SUDFWLFDO�
QHFHVVLW\�RXWZHLJKHG�SRVVLEOH�VSDWLDO�WUHQGV��VLQFH�FRQGLWLRQV�ZLWKLQ�WKH�DUHD�RI�RQO\�§�
����P��ZKHUH�VHHGOLQJV�JUHZ�ZHUH�IDLUO\�KRPRJHQHRXV��7KUHH�PRQWKV�DIWHU�LQRFXODWLRQ��
���� P/� RI� VORZ�UHOHDVH� 2VPRFRWH�� IHUWLOL]HU� �1R� ��� /LO\¶V� JDUGHQLQJ�� 6KDQJKDL��
1�3�.�����������ZDV�DGGHG�SHU�FRQWDLQHU��1LQH�PRQWKV�IROORZLQJ�WKH�LQRFXODWLRQ�RI�4��
IDEUHL� DQG�4�� YDULDELOLV� VHHGOLQJV�� JUD]LQJ� LQVHFWV�ZHUH� IRXQG� DQG�6KLTL� LQVHFWLFLGH�
VROXWLRQ�ZDV� DSSOLHG� WR� DOO� VHHGOLQJV�RI� DOO� VSHFLHV�� ���P/� WKUHH� WLPHV� DW�§���ZHHN�
LQWHUYDOV��DFWLYH�VXEVWDQFH�����DFHWDPLSULG��*XRJXDQJ��6LFKXDQ�SURYLQFH����J�SHU�����
/�DV�SHU�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV���7KHUHIRUH��VHHGOLQJV�LQRFXODWHG�LQ�-XO\������
UHFHLYHG�WKH�LQVHFWLFLGH�WUHDWPHQW���PRQWKV�HDUOLHU�WKDQ�WKH�RWKHU�WZR�GHFLGXRXV�VSHFLHV��
,Q�DGGLWLRQ�����VWLFN\�IO\� WUDSV� ����î����FP�-LGD��6KDQJKDL��ZHUH�SODFHG�DPRQJ� WKH�
VHHGOLQJV�DW�WKH�VDPH�WLPH��  

 
7DEOH���*HRJUDSKLF�RULJLQ��DOWLWXGH�DQG�GDWH�RI�VHHG�FROOHFWLRQ 

4XHUFXV��4���VSHFLHV 2ULJLQ�  $OWLWXGH��P� 6HHG�FROOHFWLRQ�GDWH�  

4��IDEUHL .XQPLQJ�%RWDQLFDO�*DUGHQ��.XQPLQJ��<XQQDQ ���� 2FWREHU����� 

4��YDULDELOLV .XQPLQJ�%RWDQLFDO�*DUGHQ��.XQPLQJ��<XQQDQ ���� 2FWREHU����� 

4��PRQJROLFD %HLMLQJ�%RWDQLFDO�*DUGHQ��%HLMLQJ �� 6HSWHPEHU����� 

4��ORQJLVSLFD 7LJHU�/HDSLQJ�*RUJH�DQG 

+DED�6QRZ�0RXQWDLQ��6KDQJUL�/D��<XQQDQ 

�����

���� 

2FWREHU����� 

4��VHQHVFHQV 'D�6KDR�YLOODJH��.XQPLQJ��<XQQDQ ���� 2FWREHU����� 

4��SVHXGRVHPHFDUSLIROLD 'D�6KDR�YLOODJH��.XQPLQJ��<XQQDQ ���� 2FWREHU����� 

 
0RUSKRORJLFDO�REVHUYDWLRQV�RI�HFWRP\FRUUKL]DH�  
 
6L[�� ��� ���� DQG����PRQWKV� DIWHU� LQRFXODWLRQ�� DOO� VHHGOLQJV�RI� HDFK�RDN� VSHFLHV�ZHUH�
PRQLWRUHG�IRU�P\FRUUKL]D�IRUPDWLRQ��%RWK�LQRFXODWHG�DQG�XQLQRFXODWHG�VHHGOLQJV�RI�4��
PRQJROLFD��4��ORQJLVSLFD��DQG�4��VHQHVFHQV�ZHUH�FKHFNHG�DJDLQ�IRU�P\FRUUKL]DWLRQ����
PRQWKV�DIWHU�LQRFXODWLRQ��(DFK�VHHGOLQJ�ZDV�FDUHIXOO\�UHPRYHG�IURP�WKH�FRQWDLQHU�DQG�
LWV�URRW�V\VWHP�DQDO\]HG�PLQLPL]LQJ�WKH�SK\VLFDO�GLVWXUEDQFH�WR�WKH�P\FRUUKL]DH��RQO\�
WKH�VXSHUILFLDO�VXEVWUDWH�WKDW�ZDV�QRW�ERXQG�WR�WKH�P\FRUUKL]DO�URRWV�FRXOG�IDOO�GXULQJ�
WKDW�SURFHVV��6HHGOLQJV�ZHUH�FDUHIXOO\�UHSRWWHG�LQ�WKH�VDPH�FRQWDLQHUV�VWUDLJKW�DIWHU�WKH�
H[DPLQDWLRQ��7KH�PDFUR�PRUSKRORJLFDO�DQG�DQDWRPLFDO�FKDUDFWHUV�RI�7��PHODQRVSRUXP�
HFWRP\FRUUKL]DH� ZHUH� LGHQWLILHG� XVLQJ� D� VWHUHRPLFURVFRSH� �/HLFD� 6�$3��� DQG�
FRPSRXQG�OLJKW�PLFURVFRSH��/HLFD�'0������IROORZLQJ�WKH�PHWKRGV�RI�$JHUHU��������
DQG� *LUDXG� �������� 3KRWRJUDSKV� ZHUH� FDSWXUHG� XVLQJ� WKH� /HLFD�$SSOLFDWLRQ� 6XLWH��
&URVV��DQG�ORQJLWXGLQDO�VHFWLRQV�ZHUH�PDGH�E\�D�IUHH]LQJ�PLFURWRPH��/HLFD�&0����6���
7KH� LGHQWLILFDWLRQ� RI� 7�� PHODQRVSRUXP� HFWRP\FRUUKL]DH� EDVHG� RQ� PRUSKRORJLFDO�
FKDUDFWHUV� LV� UHOLDEOH�ZKHQ� DOO� WKH� NH\� SDUDPHWHUV� DUH� SUHVHQW�� L�H��� FRUUHFW� H[WHUQDO�
DVSHFW�DQG�FRORU��SX]]OHOLNH�RXWHU�PDQWOH�FHOOV��DQG�HPDQDWLQJ�K\SKDH�EHLQJ�OLJKW�EURZQ�
LQ�FRORU��ORRVHO\�DUUDQJHG�DQG�EUDQFKLQJ�DW�ULJKW�DQJOHV��*LUDXG�������*XHULQ�/DJXHWWH�
HW�DO���������+RZHYHU��VLQFH�HFWRP\FRUUKL]DH�RI�7��LQGLFXP��ZLGHO\�SUHVHQW�LQ�<XQQDQ��
VKDUH�FKDUDFWHULVWLFV�VLPLODU� WR� WKRVH�RI�7��PHODQRVSRUXP��D�'1$�VHTXHQFH�DQDO\VLV�



 

�� 
 

ZDV�UHTXLUHG�WR�FRQILUP�WKDW�WKH�P\FRUUKL]DH�REVHUYHG�EHORQJ�WR�7��PHODQRVSRUXP� 
 
0ROHFXODU�LGHQWLILFDWLRQ�RI�HFWRP\FRUUKL]DH�  
 
)RU� HDFK� VHHGOLQJ�� JHQRPLF�'1$�RI� WKUHH� WR����SRROHG�P\FRUUKL]DO� WLSV� GLVSOD\LQJ�
PRUSKRORJ\� FKDUDFWHULVWLF� RI� 7�� PHODQRVSRUXP� ZDV� H[WUDFWHG� XVLQJ� $LGODE�� NLW�
�%HLMLQJ��� 7KH� LQWHUQDO� WUDQVFULEHG� VSDFHU� �,76�� UHJLRQ� RI� WKH� ULERVRPDO� '1$� ZDV�
DPSOLILHG� IURP�'1$�H[WUDFWV�XVLQJ� WKH� ,76�)�,76��SULPHU�SDLU� �:KLWH�HW�DO���������
*DUGHV�DQG�%UXQV���������(DFK����ȝ/�3&5�PL[WXUH�FRQVLVWHG�RI�����ȝ/���î�3&5�EXIIHU�
�0J���������ȝ/�G173V����P0�����ȝ/�%6$�����������ȝ/�HDFK�SULPHU����ȝ0�����ȝ/����
IROG�GLOXWHG�'1$�H[WUDFWV��REWDLQHG�IROORZLQJ�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQ�������ȝ/�
0J&O�� ���� P0��� DQG� ���� 8�7DT� '1$� SRO\PHUDVH� �7DNDUD�� 7DNDUD� %LRWHFKQRORJ\��
'DOLDQ�&R��/WG��&KLQD���7KH�DPSOLILFDWLRQV�ZHUH�SHUIRUPHG�ZLWK�WKH�IROORZLQJ�F\FOLQJ�
SDUDPHWHUV������&�IRU���PLQ��IROORZHG�E\����F\FOHV�RI�����&�IRU���PLQ������&�IRU���PLQ��
DQG�����&�IRU���PLQ��DQG�ZLWK�D�ILQDO�H[WHQVLRQ�DW�����&�IRU����PLQ��7KUHH�PLFUROLWHUV�
RI�HDFK�3&5�SURGXFW�ZHUH� UXQ�RQ�����Z�Y��DJDURVH�JHOV�DQG�VWDLQHG�ZLWK�HWKLGLXP�
EURPLGH�� 7KH� 3&5� SURGXFWV� ZHUH� SXULILHG� DQG� VHTXHQFHG� ERWK� ZD\V� DW� 7VLQJ.H�
%LRORJLFDO�7HFKQRORJ\��.XQPLQJ��&KLQD��XVLQJ�,76�)�DQG�,76��SULPHUV��6HTXHQFHV�
ZHUH� HGLWHG� PDQXDOO\� XVLQJ� 6HTXHQFKHU�� ������ �*HQH� &RGHV�� 86$�� DQG� TXHULHG�
DJDLQVW� WKH� 1&%,� SXEOLF� GDWDEDVH� *HQ%DQN� ZLWK� WKH� %/$67Q� DOJRULWKP� IRU�
LGHQWLILFDWLRQ��0\FRUUKL]D� VHTXHQFHV�JHQHUDWHG� LQ� WKLV� VWXG\�KDYH�EHHQ�GHSRVLWHG� LQ�
*HQ%DQN��VHH�WKH�³5HVXOWV´�VHFWLRQ���  

,Q� DGGLWLRQ��P\FRUUKL]D�'1$� H[WUDFWV� RI�4��PRQJROLFD��4�� ORQJLVSLFD�� DQG�4��
VHQHVFHQV� ZHUH� DPSOLILHG� XVLQJ� WKH�PXOWLSOH[� SULPHUV� GHYHORSHG� E\� 3DRORFFL� HW� DO��
������� 
 
$VVHVVPHQW�RI�KRVW�SODQW�JURZWK�DQG�VWDWLVWLFDO�DQDO\VHV 
�  
7ZR� \HDUV� DIWHU� LQRFXODWLRQ�� WKH� HIIHFWV� RI� P\FRUUKL]DWLRQ� RQ� SODQW� JURZWK� ZHUH�
SKRWRJUDSKHG� IRU�4�� ORQJLVSLFD��4�� PRQJROLFD�� DQG�4�� VHQHVFHQV�� 7KH� QXPEHUV� RI�
OHDYHV�DWWDFKHG�WR�WKH�VWHP��LQFOXGLQJ�DQ\�GHDG�RQHV�DW�WKH�ERWWRP�RI�WKH�FURZQ��ZHUH�
FRXQWHG�IRU�HDFK�VHHGOLQJ��7KH�IROORZLQJ�PHDVXUHPHQWV�ZHUH�PDGH�RQ�HDFK�VHHGOLQJ�
XVLQJ�D�GLJLWDO�FDOLSHU��6KHQJRQJ��6KDQJKDL�������WKH�ODUJHVW�GLDPHWHU�RI�WKH�FDQRS\��L�H���
WKH�PD[LPDO� GLVWDQFH� EHWZHHQ� WKH� DSLFHV� RI� RSSRVLWH� OHDYHV� DQG� ���� WKH� OHQJWK� DQG�
ZLGHVW�GLDPHWHU�RI�WKH�OLPE�RI�HDFK�OHDI��LQFOXGLQJ�GHDG�OHDYHV��WR�HVWLPDWH�WKH�OHDI�DUHD��
DVVXPLQJ� WKDW� OLPEV�ZHUH�DSSUR[LPDWHO\�RI�DQ�HOOLSVRLG�VKDSH��7KUHH�YDULDEOHV�ZHUH�
DQDO\]HG��FDQRS\�GLDPHWHU��QXPEHUV�RI� OHDYHV� �ERWK�RQH�PHDVXUHPHQW�SHU�SRW���DQG�
PHDQ�OHDI�GLPHQVLRQ��OHDI�OHQJWK�OHDI�ZLGWK�����ZLWK�RQH�PHDVXUHPHQW�SHU�OHDI�IRU�HDFK�
SRW�� )RU� HDFK� YDULDEOH�� WUHH� VSHFLHV� DQG� P\FRUUKL]DO� WUHDWPHQW� �7�� PHODQRVSRUXP±
LQRFXODWHG� RU� FRQWURO�� SOXV� WKHLU� LQWHUDFWLRQ� ZHUH� DVVHVVHG�� )RU� OHDI� GLPHQVLRQ��
DSSUR[LPDWH�DUHD�� �ʌ�î� OHQJWK�î�ZLGWK����DQG� LWV� VTXDUH� URRW�ZHUH�H[SORUHG��EXW� WKH�
UHVXOWV� ZHUH� YHU\� VLPLODU� WR� WKRVH� IRU� PHDQ� OHDI� GLPHQVLRQ�� &DQRS\� GLDPHWHU� ZDV�
DQDO\]HG�E\�DQDO\VLV�RI�YDULDQFH��DQG�QXPEHUV�RI� OHDYHV�ZLWK�D�3RLVVRQ�JHQHUDOL]HG�
OLQHDU�PRGHO�ZLWK� D� ORJDULWKPLF� OLQN� �0F&XOODJK�DQG�1HOGHU��������/HDI�GLPHQVLRQ�



 

�� 
 

ZDV�DQDO\]HG�XVLQJ�D�PL[HG�PRGHO�DQDO\VLV��ILWWHG�ZLWK�5(0/��3D\QH�HW�DO������E���
ZLWK�SRW�DV�D�UDQGRP�HIIHFW��$OO�DQDO\VHV�ZHUH�FDUULHG�RXW�ZLWK�*HQVWDW��3D\QH�HW�DO��
����D���,Q�VSULQJ����������PRQWKV�DIWHU�LQRFXODWLRQ��WKH�JURZWK�RI�WKH�WKUHH�RDN�VSHFLHV�
ZDV�SKRWRJUDSKHG�DJDLQ� 
 
5HVXOWV�  
 
0\FRUUKL]DWLRQ��PRUSKRORJLFDO��DQG�DQDWRPLFDO�WUDLWV�RI�HFWRP\FRUUKL]DH 
�  
��'HFHPEHU������LQRFXODWLRQ�  
 
6L[� PRQWKV� DIWHU� LQRFXODWLRQ� �-XQH� ������� FRPELQDWLRQV� RI� 7�� PHODQRVSRUXP� î�4��
YDULDELOLV�DQG�4��IDEUHL�IRUPHG�HFWRP\FRUUKL]DH�RQ�WZR�DQG�RQH�VHHGOLQJV�RXW�RI�WKH�
ILYH�UHSOLFDWH�LQRFXODWHG�VHHGOLQJV��UHVSHFWLYHO\��6XSSO��)LJ����DQG�7DEOH�����6HYHQ�IUHVK��
VLQJOH��P\FRUUKL]D�WLSV�ZHUH�IRXQG�RQ�HDFK�RI�WKH�WZR�4��YDULDELOLV�VHHGOLQJV��6XSSO��
)LJ���E���0\FRUUKL]DH��ZLWK�EUDQFKHV��ZHUH�IUHTXHQWO\�IRXQG�RQ�WKH�4��IDEUHL�VHHGOLQJ�
�6XSSO��)LJ���H�I���0\FRUUKL]DO�V\VWHPV�ZHUH�PRQRSRGLDO�ZLWK�ODWHUDO��PRVWO\�VLPSOH�
UDPLILFDWLRQV� �6XSSO�� )LJ�� �E�� H�I��� 6LPSOH� HFWRP\FRUUKL]DH�ZHUH� VWUDLJKW� DQG� FOXE�
VKDSHG�� \HOORZLVK�EURZQ�RFKUH��7KH�PDQWOH� VXUIDFH�ZDV� VPRRWK� WR�KDLU\�RU� VOLJKWO\�
ZRROO\��ZLWK�DEXQGDQW�HPDQDWLQJ�K\SKDH� �6XSSO��)LJ���F��H�I��K���(PDQDWLQJ�K\SKDH�
ZHUH�ORQJ��ZDQGHULQJ��K\DOLQH��RIWHQ�EUDQFKHG��ILQHO\�VHSWDWH��QHYHU�WDSHUHG�DW�WKH�DSH[��
DQG� SDWFKLO\� GLVWULEXWHG�� 7KH� RXWHU� PDQWOH� VXUIDFH� ZDV� MLJVDZ� SX]]OH±OLNH��
(FWRP\FRUUKL]DH�RI�RWKHU�IXQJDO�VSHFLHV�ZHUH�QRW�GHWHFWHG�LQ�DQ\�RI�WKH�LQRFXODWHG�RU�
FRQWURO�VHHGOLQJV��  

1LQH�PRQWKV�DIWHU�LQRFXODWLRQ��6HSWHPEHU��������JUD]LQJ�GDPDJH�ZDV�REVHUYHG�
ERWK� RQ�P\FRUUKL]DH� DQG� URRWV� �6XSSO�� )LJ�� �M�N��� 6\PSWRPV� VXFK� DV� \HOORZ�EXUQW�
OHDYHV�DQG�D�ZHDN�URRW�V\VWHP��6XSSO��)LJ���L��ZHUH�DSSDUHQW�RQ�LQRFXODWHG�DQG�FRQWURO�
WUHHV�� )RXU�4�� IDEUHL� �WKUHH� LQRFXODWHG� DQG� RQH� FRQWURO�� DQG� VL[�4�� YDULDELOLV� �IRXU�
LQRFXODWHG� DQG� WZR� FRQWURO�� VHHGOLQJV�GLHG�� DOO� KDG�ZHDN� URRW� V\VWHPV��6HYHUDO� OLYH�
IXQJXV�JQDW�ODUYDH�ZHUH�IRXQG�LQ�WKH�VXEVWUDWH��6XSSO��)LJ���O�P��DQG�PDQ\�IOLHV��L�H���
WKH�FRUUHVSRQGLQJ�DGXOW�IRUPV��ZHUH�FDXJKW�RQ�WKH�VWLFN\�WUDSV�LQ�WKH�JUHHQKRXVH��2QO\�
RQH�P\FRUUKL]HG�VHHGOLQJ�KDG�VXUYLYHG�IRU�HDFK�RDN�VSHFLHV��7DEOH�����$�IHZ�IUHVK�7��
PHODQRVSRUXP�P\FRUUKL]DH�ZHUH�VWLOO�SUHVHQW�RQ� WKHVH�VXUYLYLQJ�VHHGOLQJV� �GDWD�QRW�
VKRZQ���  

7ZHOYH�PRQWKV�DIWHU�LQRFXODWLRQ��'HFHPEHU��������DOO�WUHHV�GLHG�GLVSOD\LQJ�IUDJLOH�
URRW�V\VWHPV��H�J���EUHDNLQJ�HDVLO\��DQG�GHDG�P\FRUUKL]DH��7DEOH���� 

 



 

�� 
 

 
6XSSOHPHQWDU\�)LJXUH���D�6HHGOLQJV�RI�4XHUFXV�YDULDELOLV��EDU ����FP���E�F�(FWRP\FRUUKL]DH�RI�
7XEHU� PHODQRVSRUXP� IRUPHG� ZLWK�4�� YDULDELOLV�� E�<RXQJ� P\FRUUKL]DO� WLSV� �EDU ����PP��� F� 7��
PHODQRVSRUXP�FKDUDFWHULVWLF�HSLGHUPRLG�FHOOV�VWUXFWXUHG�LQ�DQ�LUUHJXODU�MLJVDZ�SX]]OH�OLNH�SDWWHUQ�
ZLWK�WKLQ�ZDOOHG��VHSWDWH�DQG�VHH�WKURXJK�HPDQDWLQJ�K\SKDH��EDU ���ȝP���G�6HHGOLQJV�RI�4XHUFXV�
IDEUHL� �EDU � ���� FP��� H�K� (FWRP\FRUUKL]DH� RI� 7�� PHODQRVSRUXP� IRUPHG� ZLWK� 4�� IDEUHL�� H�I�
(FWRP\FRUUKL]DH�ZLWK�DEXQGDQW�HPDQDWLQJ�K\SKDH��I��DUURZ���EDUV ����PP���J�(SLGHUPRLG�FHOOV�
VWUXFWXUHG�LQ�DQ�LUUHJXODU�MLJVDZ�SX]]OH�OLNH�SDWWHUQ��EDU ���ȝP���K�%UDQFKHG��VHSWDWHG��WKLQ�ZDOOHG�
DQG�VHH�WKURXJK�HPDQDWLQJ�K\SKDH��EDU ���ȝP���L�P�'DPDJH�FDXVHG�E\�IXQJXV�JQDW�ODUYDH��L�:HDN�
4��IDEUHL�VHHGOLQJ�ZLWK�ZLWKHUHG�OHDYHV�DQG�IUDJLOH�URRWV����PRQWKV�DIWHU�LQRFXODWLRQ��EDU ���FP���M�
'DPDJHG� URRW� VKRZLQJ� YDVFXODU� WLVVXH� �DUURZ�� �EDU � ���� PP��� N� 'DPDJHG� HFWRP\FRUUKL]DH�
�EDU ����PP��O�P�)XQJXV�JQDW�ODUYDH��EDUV ����PP�� 

 
7DEOH���1XPEHU�RI�VXUYLYLQJ��6XUY���DQG�P\FRUUKL]DO��0\F���4XHUFXV�VHHGOLQJV�DW�IRXU�DVVHVVPHQWV��PRQWKV��IROORZLQJ�

LQRFXODWLRQ��&RQWURO�PHDQV�XQLQRFXODWHG�VHHGOLQJV� 
7UHHV ��PRQWKV ��PRQWKV ���PRQWKV ���PRQWKV 

6XUY� 0\F� 6XUY� 0\F� 6XUY� 0\F� 6XUY� 0\F� 

'HFHPEHU������LQRFXODWLRQ 

4) ��� ��� ��� ��� ��� 1�$ 1�$ 1�$ 

4)�FRQWURO ��� ��� ��� ��� ��� 1�$ 1�$ 1�$ 

49 ��� ��� ��� ��� ��� 1�$ 1�$ 1�$ 

49�FRQWURO ��� ��� ��� ��� ��� 1�$ 1�$ 1�$ 

-XO\������LQRFXODWLRQ 

4/ ��� ��� ��� ��� ��� ��� ��� ��� 



 

�� 
 

4/�FRQWURO ��� ��� ��� ��� ��� ��� ��� ��� 

40 ��� ��� ��� ��� ��� ��� ��� ��� 

40�FRQWURO ��� ��� ��� ��� ��� ��� ��� ��� 

46 ��� ��� ��� ��� ��� ��� ��� ��� 

46�FRQWURO ��� ��� ��� ��� ��� ��� ��� ��� 

43 ��� ��� ��� ��� ��� ��� ��� ��� 

43�FRQWURO ��� ��� ��� ��� ��� ��� ��� ��� 

4)��4XHUFXV� IDEUHL��49��4XHUFXV� YDULDELOLV�� 40�� 4XHUFXV� PRQJROLFD�� 4/�� 4XHUFXV� ORQJLVSLFD�� 43�� 4XHUFXV�

SVHXGRVHPHFDUSLIROLD��46��4XHUFXV�VHQHVFHQV��1�$��QRW�DSSOLFDEOH 

 
���-XO\������LQRFXODWLRQ�  
 
6L[�PRQWKV�DIWHU�LQRFXODWLRQ��-DQXDU\��������FRPELQDWLRQV�RI�7��PHODQRVSRUXP�î�4��
ORQJLVSLFD� RU� 4�� PRQJROLFD� IRUPHG� HFWRP\FRUUKL]DH� RQ� DOO� UHSOLFDWH� LQRFXODWHG�
VHHGOLQJV� �7DEOH��� DQG�)LJV�� �� DQG�����ZKLOH�P\FRUUKL]DH�RI�7��PHODQRVSRUXP� î�4��
VHQHVFHQV� ZHUH� IRXQG� RQ� RQO\� RQH� LQRFXODWHG� VHHGOLQJ� �7DEOH� ��� 6XSSO�� )LJ�� ����
0\FRUUKL]DO� V\VWHPV� DQG�PRUSKRORJLFDO� FKDUDFWHULVWLFV� IRUPHG�E\�7��PHODQRVSRUXP�
DQG�WKHVH�WKUHH�RDN�VSHFLHV�ZHUH�VLPLODU�WR�WKRVH�REVHUYHG�ZLWK�4��YDULDELOLV�DQG�4��
IDEUHL�� &URVV�� DQG� ORQJLWXGLQDO� VHFWLRQV� RI� 7�� PHODQRVSRUXP� P\FRUUKL]DH� ZLWK�4��
ORQJLVSLFD��4��PRQJROLFD��RU�4��VHQHVFHQV�GLVSOD\HG�D�FKDUDFWHULVWLF�GLVWULEXWLRQ�RI�WKH�
+DUWLJ�QHW��)LJV���I��J��L�DQG��J��K��M��N�DQG�6XSSO��)LJ���H�J��M�N���2QH�LQRFXODWHG�DQG�
RQH�FRQWURO�4��SVHXGRVHPHFDUSLIROLD�VHHGOLQJV�KDG�GLHG��(FWRP\FRUUKL]DH�ZHUH�DEVHQW�
IURP� DOO� LQRFXODWHG� 4�� SVHXGRVHPHFDUSLIROLD� VHHGOLQJV�� )RU� DOO� RDN� VSHFLHV�� QR�
HFWRP\FRUUKL]DH� RI� RWKHU� IXQJDO� VSHFLHV� ZHUH� GHWHFWHG� LQ� DQ\� RI� WKH� LQRFXODWHG� RU�
FRQWURO� VHHGOLQJV��$� OLYH� IXQJXV� JQDW� ODUYD�ZDV� IRXQG� RQ� RQH� LQRFXODWHG� WUHH� RI�4��
PRQJROLFD��  

1LQH�PRQWKV�DIWHU�LQRFXODWLRQ��$SULO��������WKH�VDPH�UHVXOWV�ZHUH�REVHUYHG�H[FHSW�
WKDW�D�IXUWKHU�4��VHQHVFHQV�VHHGOLQJ�VKRZHG�7��PHODQRVSRUXP�P\FRUUKL]DH��7DEOH����
DQG�D�IXUWKHU�WKUHH�4��SVHXGRVHPHFDUSLIROLD�VHHGOLQJV��WZR�LQRFXODWHG�DQG�RQH�FRQWURO��
KDG�GLHG��'HDG�WUHHV�KDG�ZLWKHUHG�OHDYHV�DQG�IUDJLOH�URRWV��  

7ZHOYH�PRQWKV�DIWHU�LQRFXODWLRQ��-XO\��������ILYH�4��VHQHVFHQV�VHHGOLQJV�KDG�GLHG�
�WKUHH� LQRFXODWHG� DQG� WZR� FRQWURO��ZKLOH� RQH�PRUH� FRQWURO�4��SVHXGRVHPHFDUSLIROLD�
VHHGOLQJ�DOVR�KDG�GLHG��7ZHQW\�IRXU�PRQWKV�DIWHU� LQRFXODWLRQ�� IUHVK�DQG� DEXQGDQW�7��
PHODQRVSRUXP�P\FRUUKL]DH�ZHUH�VWLOO�SUHVHQW�RQ�DOO�UHSOLFDWH�VHHGOLQJV�RI�4��PRQJROLFD��
4�� ORQJLVSLFD�� DQG� RQ� WZR� VHHGOLQJV� RI�4�� VHQHVFHQV� �GDWD� QRW� VKRZQ��� )LQDOO\�� ���
PRQWKV�DIWHU�LQRFXODWLRQ��WKH�P\FRUUKL]DWLRQ�SHUVLVWHG�RQ�DOO�UHSOLFDWH�VHHGOLQJV�RI�WKHVH�
WKUHH�VSHFLHV�DQG�ZHOO�GHYHORSHG��EUDQFKHG�P\FRUUKL]DH�IRUPLQJ�ODUJH�FOXVWHUV�ZHUH�
REVHUYHG� RQ� ERWK� 4�� ORQJLVSLFD� DQG� 4�� PRQJROLFD� �)LJV�� �P�� Q� DQG� �P�� Q��� 1R�
FRQWDPLQDQW� P\FRUUKL]DO� VSHFLHV� ZHUH� GHWHFWHG� H[FHSW� IRU� WUDFHV� RI� +HEHORPD�OLNH�
P\FRUUKL]DH� RQ� RQH� LQRFXODWHG� VHHGOLQJ� RI� 4�� ORQJLVSLFD� DQG� WKH� SUHVHQFH� RI�
6SKDHURVSRUHOOD�EUXQQHD�P\FRUUKL]DH�RQ�WZR�XQLQRFXODWHG�VHHGOLQJV�RI�4��VHQHVFHQV�
�GDWD�QRW�VKRZQ�� 



 

�� 
 

 
)LJ�� �� 6HHGOLQJ� RI�4XHUFXV� ORQJLVSLFD� �EDU � �� FP��� E�O� 0DFUR�PRUSKRORJLFDO� DQG� DQDWRPLFDO�
FKDUDFWHUV�RI�DUWLILFLDOO\�V\QWKHVL]HG�HFWRP\FRUUKL]DH�RI�7XEHU�PHODQRVSRUXP�RQ�4��ORQJLVSLFD��E�
F�(FWRP\FRUUKL]DH�ZLWK�DEXQGDQW�HPDQDWLQJ�K\SKDH���PRQWKV�DIWHU�LQRFXODWLRQ��EDUV ����DQG�����
PP��UHVSHFWLYHO\���G�%UDQFKHG��DUURZ���VHSWDWH�DQG�VHH�WKURXJK�K\SKDH�HPDQDWLQJ�IURP�WKH�RXWHU�
PDQWOH� OD\HU��ZKROH� WLS�PRXQWHG�LQ�ZDWHU� �EDU ����ȝP���H�I�&URVV�P\FRUUKL]D�VHFWLRQV�VKRZLQJ�
EUDQFKHG� HPDQDWLQJ� K\SKDH� �H�� DQG� D� ZHOO�GHYHORSHG� PDQWOH� DQG� +DUWLJ� QHW� DURXQG� HORQJDWHG�
FRUWLFDO� FHOOV� �I�� �EDUV � ��� ȝP��� J� /RQJLWXGLQDO�P\FRUUKL]D� VHFWLRQ� VKRZLQJ�PDQWOH�� HORQJDWHG�
FRUWLFDO�FHOOV��+DUWLJ�QHW�DQG�HPDQDWLQJ�K\SKDH��EDU ���ȝP��K�,UUHJXODU�MLJVDZ�SX]]OH�OLNH�SDWWHUQ�
IRUPHG�E\�HSLGHUPRLG�FHOOV� �EDU ���ȝP��� L�M�(FWRP\FRUUKL]DH����PRQWKV� DIWHU� LQRFXODWLRQ�ZLWK�
HPDQDWLQJ�K\SKDH��EDUV ����PP���N�O�(FWRP\FRUUKL]DH����PRQWKV�DIWHU�LQRFXODWLRQ�ZLWK�HPDQDWLQJ�
K\SKDH� �EDUV ���� DQG� �� PP�� UHVSHFWLYHO\���P�Q� (FWRP\FRUUKL]DH� ��� PRQWKV� DIWHU� LQRFXODWLRQ�
LQFOXGLQJ�FOXVWHUV��Q���EDUV� ���PP���  
 
0ROHFXODU�LGHQWLILFDWLRQ�RI�P\FRUUKL]DH�  
 
,76�VHTXHQFHV�REWDLQHG�IURP�DOO�7��PHODQRVSRUXP±OLNH�P\FRUUKL]DH�REWDLQHG�ZLWK�HDFK�
RDN� VSHFLHV� FRQILUPHG� WKHLU� LGHQWLW\�� VKRZLQJ� PD[LPXP� ����� LGHQWLW\� ZLWK� D� 7��



 

�� 
 

PHODQRVSRUXP� VHTXHQFH� �.0���������� IURP� *HQ%DQN�� 7KH� VHTXHQFHV� RI� 7��
PHODQRVSRUXP� HFWRP\FRUUKL]DH� REWDLQHG� LQ� WKLV� VWXG\� ZLWK�4�� PRQJROLFD� �PZU����
DFFHVVLRQ�QXPEHU�0)���������4��ORQJLVSLFD��PZU����0)���������DQG�4��VHQHVFHQV�
�PZU����0)��������ZHUH�GHSRVLWHG�LQ�*HQ%DQN��7KH�P\FRUUKL]D�'1$�H[WUDFWV�RI�4��
PRQJROLFD��4��ORQJLVSLFD��DQG�4��VHQHVFHQV�SURGXFHG�D�7��PHODQRVSRUXP±VSHFLILF�����
ES�IUDJPHQW�RQO\��GDWD�QRW�VKRZQ�� 
 

 
)LJ�� ��D� 6HHGOLQJ� RI�4XHUFXV�PRQJROLFD� �EDU ��� FP���E�O�0DFUR�PRUSKRORJLFDO�DQG� DQDWRPLFDO�
FKDUDFWHUV�RI�DUWLILFLDOO\�V\QWKHVL]HG�HFWRP\FRUUKL]DH�RI�7XEHU�PHODQRVSRUXP�RQ�4��PRQJROLFD��E�
F�(FWRP\FRUUKL]DH�ZLWK�DEXQGDQW�HPDQDWLQJ�K\SKDH���PRQWKV�DIWHU�LQRFXODWLRQ��EDUV ����PP���G�
%UDQFKHG��DUURZ���WKLQ�ZDOOHG��VHSWDWH�DQG�VHH�WKURXJK�HPDQDWLQJ�K\SKDH��PRXQWHG�WLS��EDUV ���
ȝP���H�I�&URVV�HFWRP\FRUUKL]D�VHFWLRQV�VKRZLQJ�HPDQDWLQJ�K\SKDH��H��DQG�D�ZHOO�GHYHORSHG�PDQWOH�
�H�I�� DQG� +DUWLJ� QHW� DURXQG� HORQJDWHG� FRUWLFDO� FHOOV� �I�� �EDUV � ��� ȝP��� J� /RQJLWXGLQDO�
HFWRP\FRUUKL]DO� VHFWLRQ� VKRZLQJ� HPDQDWLQJ� K\SKDH�� PDQWOH� DQG� +DUWLJ� QHW� DURXQG� HORQJDWHG�
FRUWLFDO� FHOOV� �EDU ��� ȝP��� K� -LJVDZ� SX]]OH� RI� WKH� LQQHU� PDQWOH� VXUIDFH� �EDU ��� ȝP��� L�M�



 

�� 
 

(FWRP\FRUUKL]DH� ��� PRQWKV� DIWHU� LQRFXODWLRQ� ZLWK� HPDQDWLQJ� K\SKDH� �EDUV ���� PP��� N�O�
(FWRP\FRUUKL]DH� ��� PRQWKV� DIWHU� LQRFXODWLRQ� ZLWK� HPDQDWLQJ� K\SKDH� �EDUV �� PP��� P�Q�
(FWRP\FRUUKL]DH� ��� PRQWKV� DIWHU� LQRFXODWLRQ� LQFOXGLQJ� FOXVWHUV� �Q�� �EDUV�  � ���� DQG� �� PP��
UHVSHFWLYHO\��� �  
 

 
6XSSOHPHQWDU\�)LJXUH���D�6HHGOLQJ�RI�4XHUFXV�VHQHVFHQV��EDU �����FP���E�O�0DFUR�PRUSKRORJLFDO�
DQG�DQDWRPLFDO�FKDUDFWHUV�RI�DUWLILFLDOO\�V\QWKHVL]HG�HFWRP\FRUUKL]DH�RI�7XEHU�PHODQRVSRUXP�RQ�4��
VHQHVFHQV�� E�F� (FWRP\FRUUKL]DH� ZLWK� DEXQGDQW� HPDQDWLQJ� K\SKDH� �� PRQWKV� DIWHU� LQRFXODWLRQ�
�EDUV ���� PP��� G� %UDQFKHG� �DUURZ��� WKLQ�ZDOOHG�� VHSWDWH� DQG� VHH�WKURXJK� HPDQDWLQJ� K\SKDH��
PRXQWHG� WLS� �EDUV ���ȝP��� H�I�&URVV�HFWRP\FRUUKL]D� VHFWLRQV� VKRZLQJ�PDQWOH� �H�I��� HPDQDWLQJ�
K\SKDH� �H�� DQG� +DUWLJ� QHW� DURXQG� HORQJDWHG� FRUWLFDO� FHOOV� �I�� �EDUV � ��� ȝP��� J� /RQJLWXGLQDO�
HFWRP\FRUUKL]D�VHFWLRQ�VKRZLQJ�PDQWOH�DQG�+DUWLJ�QHW�DURXQG�HORQJDWHG�FRUWLFDO�FHOOV��EDU ���ȝP���
K� -LJVDZ�SX]]OH�OLNH� SDWWHUQ� IRUPHG�E\� HSLGHUPRLG� FHOOV� �EDUV ���ȝP��� L�M� (FWRP\FRUUKL]DH� ���
PRQWKV�DIWHU�LQRFXODWLRQ�ZLWK�HPDQDWLQJ�K\SKDH��DUURZ��L���EDU ����PP���N�O�(FWRP\FRUUKL]DH����
PRQWKV�DIWHU�LQRFXODWLRQ�ZLWK�HPDQDWLQJ�K\SKDH��EDUV ����DQG�����PP��UHVSHFWLYHO\�� 



 

�� 
 

(IIHFW�RI�P\FRUUKL]DWLRQ�RQ�KRVW�SODQW�JURZWK�DQG�SKHQRORJ\�  
 
7ZR�\HDUV�DIWHU�LQRFXODWLRQ��WKH�JURZWK�RI�SODQWV�RI�4��ORQJLVSLFD��4��PRQJROLFD��DQG�
4��VHQHVFHQV�P\FRUUKL]DO�ZLWK�7��PHODQRVSRUXP�ZDV�JUHDWHU�WKDQ�WKRVH�RI�XQLQRFXODWHG�
VHHGOLQJV� RI� WKH� FRUUHVSRQGLQJ� VSHFLHV� �)LJ�� ����$W� WKDW� WLPH�� QRQH� RI� WKH� 4XHUFXV�
VHHGOLQJV�� LQRFXODWHG� RU� QRW� ZLWK� 7�� PHODQRVSRUXP�� ZDV� FRQWDPLQDWHG� E\� DQ\�
HFWRP\FRUUKL]DO�IXQJL��GDWD�QRW�VKRZQ�� 

7DNLQJ�WKH�PHDQ�RYHU�DOO�WKUHH�RDN�VSHFLHV��FDQRS\�GLDPHWHU��QXPEHUV�RI�OHDYHV��
DQG� PHDQ� OHDI� GLPHQVLRQ� ZHUH� ODUJHU� E\� DERXW� ��� PP�� ���� OHDYHV�� DQG� ��� PP��
UHVSHFWLYHO\��ZLWK�7��PHODQRVSRUXP�WKDQ�ZLWK�XQLQRFXODWHG�FRQWURO�VHHGOLQJV��S����������
S� ��������S���������UHVSHFWLYHO\��IRU�WKH�P\FRUUKL]D�PDLQ�HIIHFW��7DEOH����)LJ���D��E��G��
H��J��K���7KLV�FKDQJH�EHWZHHQ�7��PHODQRVSRUXP±LQRFXODWHG�DQG�FRQWURO�VHHGOLQJV�ZDV�
IDLUO\� VLPLODU� IRU� DOO� VSHFLHV� �S�  � ������� S�  � ������� S�  � ������ IRU� WKH� VSHFLHV� E\�
P\FRUUKL]DO� WUHDWPHQW� LQWHUDFWLRQ� IRU� GLDPHWHU�� OHDI� QXPEHUV�� DQG� GLPHQVLRQ��
UHVSHFWLYHO\���7KHVH�UHVXOWV�FOHDUO\�GHPRQVWUDWH�D�EHQHILFLDO�HIIHFW�RI�7��PHODQRVSRUXP�
RQ�WKH�JURZWK�RI�WKHVH�WKUHH�RDN�VSHFLHV��2Q�DYHUDJH��QXPEHUV�RI�OHDYHV�ZHUH�VLPLODU�
IRU�WKH�WKUHH�VSHFLHV��S� �������IRU�WKH�VSHFLHV�PDLQ�HIIHFW���EXW�ERWK�FDQRS\�GLDPHWHU�
DQG� OHDI�GLPHQVLRQ�YDULHG�ZLWK�VSHFLHV� �S��������� IRU�ERWK��DQG�ZHUH�KLJKHU� IRU�4��
PRQJROLFD��PHDQV�RI�����DQG������UHVSHFWLYHO\�� WKDQ�IRU�HLWKHU�RI�4��VHQHVFHQV������
������RU�4��ORQJLVSLFD�������������  

,Q� 0DUFK� ������ WKH� JURZWK�VWLPXODWLQJ� HIIHFW� RI� WKH� P\FRUUKL]DWLRQ� E\� 7��
PHODQRVSRUXP� RQ� WKH� WZR� HYHUJUHHQ� VSHFLHV�ZDV� VWLOO� FRQVSLFXRXV� �)LJ�� �F�� I���:H�
IXUWKHU� REVHUYHG� WKDW� WKH� EXGV� RI� 4�� PRQJROLFD� VHHGOLQJV� P\FRUUKL]HG� E\� 7��
PHODQRVSRUXP�EURNH�FRQVLGHUDEO\�HDUOLHU�WKDQ�WKRVH�RI�WKH�FRQWURO�XQLQRFXODWHG�SODQWV�
�)LJ���L��M�� 

 
7DEOH���3ODQW�JURZWK�DVVHVVPHQW��PHDQ�RI�HDFK�YDULDEOH�DQDO\VHG������FRQILGHQFH�OLPLWV�� 

Variable Species Seedlings mycorrhized by Tuber 

melanosporum 

Uninoculated control 

seedlings 

Canopy diameter Quercus longispica 92.0 (73.6,110.4) 57.5 (41.6,73.4) 

(mm) Quercus mongolica 141.6 (127.4,155.8) 83.6 (69.4,97.8) 

 Quercus senescens 101.0 (78.5,123.5) 64.3 (46.0,82.7) 

No of leaves Quercus longispica 5.7 (3.4,9.5) 4.5 (2.7,7.4) 

 Quercus mongolica 5.8 (3.9,8.6) 3.6 (2.2,5.9) 

 Quercus senescens 9.5 (5.8,15.5) 4.7 (2.6,8.2) 

Leaf dimension Quercus longispica 30.1 (23.9,36.2) 21.6 (15.5,27.6) 

(mm) Quercus mongolica 52.4 (47.7,57.2) 34.8 (29.6,40.1) 

 Quercus senescens 26.5 (19.5,33.4) 21.9 (15.5,28.3) 
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)LJ����D�K�*URZWK�VWLPXODWLRQ�RI�VHHGOLQJV�RI�WKUHH�&KLQHVH�4XHUFXV�VSHFLHV�P\FRUUKL]HG�E\�7XEHU�
PHODQRVSRUXP� YHUVXV� WKH� JURZWK� RI� XQLQRFXODWHG� FRQWURO� VHHGOLQJV� RI� WKH� VDPH� VSHFLHV�� &OHDU�
EDFNJURXQG��WZR�\HDUV�DIWHU�LQRFXODWLRQ��EODFN�EDFNJURXQG����\HDUV�DQG���PRQWKV�DIWHU�LQRFXODWLRQ��
0��VHHGOLQJV�P\FRUUKL]HG�E\�7��PHODQRVSRUXP��&��FRQWURO��XQLQRFXODWHG�VHHGOLQJV��LQ�WRS�YLHZV��0�
VHHGOLQJV�DUH�RQ�WKH�OHIW��&�VHHGOLQJV�RQ�WKH�ULJKW��D�F�4XHUFXV�ORQJLVSLFD��G�I�4XHUFXV�VHQHVFHQV��
J�K�4XHUFXV�PRQJROLFD��L�M�$FFHOHUDWHG�EXGEUHDN�RI�WKH�P\FRUUKL]DO�4��PRQJROLFD�VHHGOLQJV��WRS�
URZV�� LQ� FRPSDULVRQ� ZLWK� XQLQRFXODWHG� VHHGOLQJV� �ERWWRP� URZV�� �� \HDUV� DQG� �� PRQWKV� DIWHU�
LQRFXODWLRQ��VSULQJ��0DUFK��������1RWH�WKH�OHDYHV�RI�WKH�FRQWURO�VHHGOLQJV�MXVW�DERXW�WR�HPHUJH��L��
DUURZ�� 
 
'LVFXVVLRQ�  
 
7KH�P\FRUUKL]DH�REWDLQHG�LQ�WKLV�VWXG\�EHWZHHQ�7��PHODQRVSRUXP�DQG�ILYH�&KLQHVH�RDN�
VSHFLHV�ZHUH�ZHOO�GHYHORSHG�DQG�GLVSOD\HG�VLPLODU�VKDSH�DQG�FRORU�WR�WKRVH�REWDLQHG�
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RQ�0HGLWHUUDQHDQ�4XHUFXV�VSS���WKH�QDWXUDO�KRVWV�RI�WKH�3pULJRUG�EODFN�WUXIIOH��*XHULQ�
/DJXHWWH� HW� DO�� ������� ([WHUQDO� FKDUDFWHULVWLFV� LQFOXGH� D� EURZQ�UHG� PDQWOH� ZLWK�
DEXQGDQW� HPDQDWLQJ� K\SKDH��0RXQWHG�P\FRUUKL]DO� WLSV� UHYHDOHG� WKH� W\SLFDO� MLJVDZ�
SX]]OH� SDWWHUQ� RI� WKH� PDQWOH� FHOOV� �*LUDXG� ������� ZKLOH� FURVV�VHFWLRQV� UHYHDOHG� DQ�
³HSLGHUPDO´�+DUWLJ�QHW��L�H���FRQILQHG�WR�WKH�H[WHUQDO�OD\HU�RI�HORQJDWHG�FRUWLFDO�FHOOV��DV�
H[SHFWHG� LQ� WKH�PDMRULW\� RI� DQJLRVSHUPV� �6PLWK� DQG� 5HDG� �������$OWRJHWKHU�� WKHVH�
REVHUYDWLRQV� FRQILUPHG� WKH� IRUPDWLRQ� RI� IXOO\� GHYHORSHG� HFWRP\FRUUKL]DH� RI� 7��
PHODQRVSRUXP��1RQH�RI�WKH�XQLQRFXODWHG�SODQWV�SURGXFHG�P\FRUUKL]DH�H[FHSW�IRU�D�IHZ�
VHHGOLQJV� VKRZLQJ� WUDFHV� RI� QRQ�7XEHU� VSHFLHV� ��� PRQWKV� DIWHU� LQRFXODWLRQ�� 7KHVH�
REVHUYDWLRQV�VWURQJO\�VXJJHVW�WKDW�WKH�P\FRUUKL]DH�REWDLQHG�ZHUH�RI�7��PHODQRVSRUXP�
RQO\��7KHLU�LGHQWLW\�ZDV�IXUWKHU�FRQILUPHG�XVLQJ�,76�VHTXHQFH�FRPSDULVRQ��$V�H[SHFWHG��
D�PXOWLSOH[�3&5�IDLOHG�WR�GHWHFW�7��LQGLFXP�RQ�WKUHH�P\FRUUKL]D�VDPSOHV�WHVWHG� 

$OWKRXJK�IXOO\�GHYHORSHG�P\FRUUKL]DH�ZHUH�REWDLQHG�RQ�HDFK�RI� WKHVH�ILYH�RDN�
VSHFLHV��WKH�HIILFLHQF\�DQG�LQWHQVLW\�RI�P\FRUUKL]DWLRQ�YDULHG�DPRQJ�WKHP��,Q�WKLV�VWXG\��
4��PRQJROLFD�DQG�4��ORQJLVSLFD�ZHUH�PRUH�UHFHSWLYH�WR�7��PHODQRVSRUXP�FRORQL]DWLRQ�
WKDQ�WKH�RWKHU�WKUHH�VSHFLHV��VLQFH�DOO�LQRFXODWHG�SODQWV�ZHUH�P\FRUUKL]HG���PRQWKV�DIWHU�
LQRFXODWLRQ� �7DEOH����� ,Q� FRPSDULVRQ�� IHZHU� WKDQ�KDOI� WKH� VHHGOLQJV�RI�4�� IDEUHL��4��
YDULDELOLV��DQG�4��VHQHVFHQV�IRUPHG�HFWRP\FRUUKL]DH�ZLWK�7��PHODQRVSRUXP�ZLWKLQ�WKH�
VDPH�SHULRG��ZKLOH�QRQH�RI�4��SVHXGRVHPHFDUSLIROLD� VHHGOLQJV�GLG� �7DEOH�����2I� DOO�
VSHFLHV��4��PRQJROLFD�DSSHDUHG�WR�EH�WKH�PRVW�SURPLVLQJ�VSHFLHV�VLQFH��LQ�DGGLWLRQ�WR�
LWV� UHFHSWLYLW\� WR�7��PHODQRVSRUXP�P\FRUUKL]DWLRQ�� DOO� VHHGOLQJV�� LQFOXGLQJ� FRQWUROV��
ZHUH�VWLOO�DOLYH�DIWHU����PRQWKV��7DEOH����)LJ������0RUH�ZRUN�LV�UHTXLUHG�WR�FRQILUP�WKH�
YDULDWLRQV� VHHQ� LQ� WKH� UHFHSWLYLW\� RI� WKHVH� RDN� VSHFLHV� WR� P\FRUUKL]DWLRQ� E\� 7��
PHODQRVSRUXP��,Q�D�VHSDUDWH�H[SHULPHQW��ZH�KDYH�VXFFHVVIXOO\�LQRFXODWHG�4XHUFXV�LOH[��
L�H���RQH�RI�7��PHODQRVSRUXP�QDWXUDO�KRVWV��ZLWK�WKH�VDPH�PHWKRG�DQG�WKH�VDPH�VXEVWUDWH�
�+XDQJ��XQSXEOLVKHG���VXJJHVWLQJ�WKDW�WKH�H[SHULPHQWDO�FRQGLWLRQV�ZHUH�VXLWDEOH�WR�7��
PHODQRVSRUXP�P\FRUUKL]DWLRQ��)XUWKHU�ZRUN�ZRXOG�QHHG� WR�IRFXV�RQ�RSWLPL]LQJ� WKH�
VXEVWUDWHV� DGDSWHG� WR� HDFK� WUHH� VSHFLHV��$Q� LQLWLDO� KLJK� UDWH� RI� P\FRUUKL]DWLRQ� RI�
VHHGOLQJV� LV� FULWLFDO� WR� FRQWULEXWH� WR� WKH� VXUYLYDO� DQG�GHYHORSPHQW� RI� WKH� LQRFXODWHG�
WUXIIOH�RYHU�RWKHU�VRLO�UHVLGHQW�HFWRP\FRUUKL]DO�IXQJDO�FRPSHWLWRUV��.HQQHG\�������DQG�
WKHUHIRUH�WR�DFKLHYH�VXFFHVVIXO�WUXIIOH�FXOWLYDWLRQ��0RUH�ZRUN�LV�UHTXLUHG�WR�XQGHUVWDQG�
WKH�P\FRUUKL]DWLRQ�RI�WKHVH�LQGLJHQRXV�&KLQHVH�RDN�VSHFLHV�E\�7��PHODQRVSRUXP��,W�LV�
ZRUWK�QRWLQJ�KHUH�WKDW�7��LQGLFXP�FDQ�IRUP�HFWRP\FRUUKL]DH�ZLWK�(XURSHDQ�DQG�1RUWK�
$PHULFDQ�WUHH�VSHFLHV��0XUDW�HW�DO��������%RQLWR�HW�DO���������  

7R� RXU� NQRZOHGJH�� WKLV� LV� WKH� IRXUWK� VWXG\� WR� GHVFULEH� D� SRVLWLYH� HIIHFW� RI� WKH�
P\FRUUKL]DWLRQ�E\�7��PHODQRVSRUXP�RQ� WKH�VKRRW�JURZWK�RI�EURDG�OHDI�SODQWV�XQGHU�
JUHHQKRXVH�FRQGLWLRQV��'RPtQJXH]�HW�DO���������UHSRUWHG�D�VLJQLILFDQW�LQFUHDVH�LQ�KHLJKW��
VKRRW�� DQG� URRW� GU\�ZHLJKWV� RI�4XHUFXV�SHWUDHD� VHHGOLQJV� WKDW�ZHUH�� KRZHYHU�� RQO\�
SUHGRPLQDQWO\�P\FRUUKL]HG� E\�7��PHODQRVSRUXP�� L�H���ZLWK� D� VOLJKW� FRORQL]DWLRQ� E\�
QXUVHU\�FRQWDPLQDWLQJ�P\FRUUKL]DO�IXQJL��,Q�WKH�SUHVHQW�ZRUN����\HDUV�DIWHU�LQRFXODWLRQ��
QR� RWKHU� HFWRP\FRUUKL]DO� VSHFLHV�ZHUH� GHWHFWHG� RQ� DQ\� RI� WKH� VHHGOLQJV�� FRQWURO� RU�
LQRFXODWHG�� 0DUWLQ� HW� DO�� ������� 6XSSOHPHQWDU\� ,QIRUPDWLRQ� VHFWLRQ� �� DQG�
6XSSOHPHQWDU\� )LJ�� ��� DOVR� UHSRUWHG� WKDW� WKH� LQRFXODWLRQ� RI� WKUHH� &LVWXV� VSHFLHV�
�*LRYDQQHWWL�DQG�)RQWDQD�������DQG�RI�4XHUFXV�SXEHVFHQV�ZLWK�7��PHODQRVSRUXP�OHG�
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WR�DQ�LQFUHDVHG�VKRRW�JURZWK��7KHUHIRUH��RXU�UHVXOWV�FRQVWLWXWH�WKH�WKLUG�HYLGHQFH�WKDW�
VXFK�D�EHQHILFLDO�JURZWK�HIIHFW�RQ�EURDG�OHDI�SODQWV�ZDV�GXH�WR�7��PHODQRVSRUXP�RQO\��
2WKHU� ZRUNV� RQ� 7�� PHODQRVSRUXP±LQRFXODWHG� EURDG�OHDI� SODQWV� VKRZHG� HQKDQFHG�
SK\VLRORJLFDO� IXQFWLRQV�� H�J��� HQKDQFHG� URRW� ELRPDVV�� URRW� FRQGXFWDQFH�SHU� XQLW� OHDI�
DUHD�� DQG� DQ� LQFUHDVHG� GLDPHWHU� RI� WKH� VWHP� RI�4�� LOH[� VHHGOLQJV� EDUHO\� GHWHFWDEOH�
YLVXDOO\��1DUGLQL�HW�DO���������)XUWKHUPRUH��LQ�1DUGLQL�HW�DO�¶V��������VWXG\��WKH�HIIHFW�
RI�7��PHODQRVSRUXP�RQ�4��LOH[�KHLJKW�ZDV�QHJDWLYH��$�SRVLWLYH�HIIHFW�RQ�KHLJKW��VKRRW��
DQG� URRW� GU\� ZHLJKWV� RI� 7�� PHODQRVSRUXP� RQ� FRQLIHUV�� L�H��� 3LQXV� KDOHSHQVLV�� KDV�
KRZHYHU� SUHYLRXVO\� EHHQ� UHFRUGHG� �'RPtQJXH]� HW� DO�� ������ ������� %HVLGHV� 7��
PHODQRVSRUXP��RWKHU�7XEHU�VSS��HIIHFWV�RQ�KRVW�SODQW�JURZWK�LQ�WKH�QXUVHU\�KDYH�EHHQ�
REVHUYHG��PDLQO\�RQ�URRW�ELRPDVV�E\�7��EUXPDOH� �ÈOYDUH]�/DIXHQWH�HW�DO��������DQG�
7XEHU� VSS�� �%HQFLYHQJD� DQG�9HQDQ]L� ������ DQG� RQ� URRW� SK\VLRORJ\� E\� 7�� LQGLFXP�
�=KDQJ� HW� DO�� ������� )LQDOO\�� WKH� VKRRW�VWLPXODWLQJ� HIIHFW� RI� 7�� PHODQRVSRUXP�
P\FRUUKL]DWLRQ�KDV�SUHYLRXVO\�EHHQ�UHSRUWHG�LQ�ILHOG�FRQGLWLRQV�IRU�WZR�RDN�VSHFLHV��4��
LOH[�DQG�4��IDJLQHD��'RPtQJXH]�HW�DO���������7KH�SUHVHQW�VWXG\�LV�D�IXUWKHU�FRQILUPDWLRQ�
WKDW��DW�OHDVW�LQ�WKH�HDUO\�VWDJH�RI�WKH�P\FRUUKL]DO�DVVRFLDWLRQ��7��PHODQRVSRUXP�EHKDYHV�
OLNH� D� W\SLFDO� HFWRP\FRUUKL]DO� IXQJXV�� HQKDQFLQJ� WKH� JURZWK� RI� LWV� KRVW� SODQWV��2XU�
UHVXOWV� VXJJHVW� WKDW� 7�� PHODQRVSRUXP� FRXOG� DOVR� LPSURYH� WKH� SHUIRUPDQFH� RI� RXW�
SODQWHG�P\FRUUKL]DO�VHHGOLQJV��D�YHU\�YDOXDEOH�IHDWXUH�IRU�DIIRUHVWDWLRQ�SURJUDPV��  

7KH� DFFHOHUDWHG� EXGEUHDN� RI� P\FRUUKL]HG� YHUVXV� XQLQRFXODWHG� 4�� PRQJROLFD�
VHHGOLQJV� LV� DQ� XQSUHFHGHQWHG� REVHUYDWLRQ�� 6SOLYDOOR� HW� DO�� ������� KDYH� VKRZQ� WKDW�
WUXIIOHV�FDQ�UHJXODWH�SODQW�URRW�PRUSKRJHQHVLV�YLD�WKH�SURGXFWLRQ�RI�DX[LQ�DQG�HWK\OHQH��
2XU� VWXG\� VWURQJO\� VXJJHVWV� WKDW� P\FRUUKL]DWLRQ� E\�7��PHODQRVSRUXP� FDQ� VLPLODUO\�
PRGLI\�WKH�HQGRJHQRXV�KRUPRQDO�EDODQFH�RI�WKH�KRVW�SODQW��WULJJHULQJ�EXGEUHDN�LQ�WKH�
IURVW�IUHH�� VWDEOH� HQYLURQPHQW� RI� D� JODVVKRXVH��$FFHOHUDWHG� EXGEUHDN� ZRXOG� LQ� WXUQ�
EHQHILW�7��PHODQRVSRUXP�JURZWK��,Q�IXWXUH�ZRUN��ZH�SURSRVH�WR�XVH�4��PRQJROLFD�î�7��
PHODQRVSRUXP�WR�PHDVXUH��XQGHU�YDULRXV�HQYLURQPHQWDO�FRQGLWLRQV��WKH�SK\VLRORJLFDO�
FKDQJHV�LQGXFHG�LQ�WKH�KRVW�SODQW�E\�WKH�P\FRUUKL]DWLRQ��  

2Q�4��PRQJROLFD�DQG�4��ORQJLVSLFD��WKH�P\FRUUKL]DWLRQ�SHUVLVWHG�DQG�GHYHORSHG�
XS�WR����PRQWKV�DIWHU�LQRFXODWLRQ��IXUWKHU�VXJJHVWLQJ�WKDW�ERWK�VSHFLHV�FRXOG�EH�VXLWDEOH�
KRVW�WUHHV�IRU�7��PHODQRVSRUXP�FXOWLYDWLRQ�LQ�&KLQD��4XHUFXV�PRQJROLFD�LV�D�ZLGHVSUHDG�
GHFLGXRXV�WUHH�VSHFLHV�DQG�D�FUXFLDO�WLPEHU�VSHFLHV�LQ�1RUWK�RI�&KLQD�WKDW�FDQ�WROHUDWH�
GURXJKW� DQG� VRLO� LQIHUWLOLW\� �6KHQ� HW� DO�� �������$Q� DEXQGDQW� HFWRP\FRUUKL]DO� IXQJL�
FRPSRVLWLRQ�ZDV�UHYHDOHG�LQ�4��PRQJROLFD�VWDQGV��LQFOXGLQJ�7XEHU�VSS���:DQJ�������
+H�HW�DO���������EXW�WKH�V\PELRWLF�UHODWLRQVKLS�ZLWK�7XEHU�VSS��ZDV�QRW�VWXGLHG��2XU�WULDO�
GHPRQVWUDWHG� WKDW�4�� PRQJROLFD� FDQ� IRUP� HFWRP\FRUUKL]DH� ZLWK� 7�� PHODQRVSRUXP��
ZKLOH�EHQHILWLQJ�IURP�WKH�DVVRFLDWLRQ�DW�WKH�QXUVHU\�VWDJH��7KLV�RSHQV�WKH�SRVVLELOLW\�RI�
FRQGXFWLQJ�ILHOG�WULDOV�WR�DWWHPSW�FXOWLYDWLRQ�RI�7��PHODQRVSRUXP�ZLWK�4��PRQJROLFD�LQ�
QRUWKHUQ�&KLQD�DQG�PRQLWRU�LWV�SRWHQWLDO�FRPSHWLWLRQ�ZLWK�QDWLYH�HFWRP\FRUUKL]DO�IXQJL��
LQFOXGLQJ� RWKHU�7XEHU� VSHFLHV��7XEHU�PHODQRVSRUXP� LV� KRZHYHU� NQRZQ� WR� EH� RIWHQ�
RXWFRPSHWHG�E\�RWKHU�7XEHU�VSHFLHV�LQ�(XURSH��0ROLQLHU�HW�DO���������  

4XHUFXV� ORQJLVSLFD�� 4�� VHQHVFHQV�� DQG� 4�� SVHXGRVHPHFDUSLIROLD� DUH� HQGHPLF�
HYHUJUHHQ� VSHFLHV� LQ� +HQJGXDQ� 0RXQWDLQV� DQG� EHORQJHG� WR� 4XHUFXV� VHFW��
+HWHUREDODQXV��7KH�H[WHUQDO�PRUSKRORJ\�DQG�HFRORJLFDO�VXLWDELOLW\�RI�4XHUFXV� VHFW��
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+HWHUREDODQXV�DUH�VLPLODU�WR�WKRVH�RI�4��LOH[�/���D�QDWXUDO�KRVW�WUHH�RI�7��PHODQRVSRUXP�
GLVWULEXWHG� LQ� 0HGLWHUUDQHDQ� UHJLRQV� �=KRX� ������� 7UXIIOHV� �H�J��� 7�� ROLJRVSHUPXP�
7UDSSH��ZHUH� IRXQG� LQ� IRUHVWV�PDGH�RI� RDN� IURP� VHFW��+HWHUREDODQXV� LQ�&KLQD� �;X�
�������(FWRP\FRUUKL]DH�RI�7��PHODQRVSRUXP�ZHUH�V\QWKHVL]HG�VXFFHVVIXOO\�IRU�WKH�ILUVW�
WLPH�LQ�WKLV�VWXG\�RQ�4��ORQJLVSLFD�DQG�4��VHQHVFHQV��EXW�WKH�UDWH�RI�P\FRUUKL]DWLRQ�RI�
4��VHQHVFHQV�ZDV�VORZ�DQG�ORZ��L�H���RQO\�WZR�WUHHV�RXW�RI�ILYH�IRUPHG�HFWRP\FRUUKL]DH�
DIWHU���PRQWKV��LQ�FRPSDULVRQ�ZLWK�4��ORQJLVSLFD�ZKRVH�ILYH�UHSOLFDWH�VHHGOLQJV�ZHUH�
P\FRUUKL]HG�DIWHU���PRQWKV��4XHUFXV�ORQJLVSLFD�DQG�4��VHQHVFHQV�FDQ�WROHUDWH�VHDVRQDO�
GURXJKW�DQG�FROG��DQG�KDYH�LPSRUWDQW�YDOXH�DV�UHIRUHVWDWLRQ�VSHFLHV�LQ�WKHLU�GLVWULEXWLRQ�
UDQJH��0D��������2XU�VWXG\�IXUWKHU�GHPRQVWUDWHG�WKDW�WKH�JURZWK�RI�ERWK�VSHFLHV�FRXOG�
EHQHILW� IURP� FRQWUROOHG�P\FRUUKL]DWLRQ� E\�7��PHODQRVSRUXP��:KLOH� IXUWKHU�ZRUN� LV�
UHTXLUHG�WR�RSWLPL]H�WKH�P\FRUUKL]DWLRQ�RI�4��VHQHVFHQV��ERWK�RDN�VSHFLHV�DSSHDU�WR�EH�
ZRUWK�FRQVLGHULQJ�IRU�3pULJRUG�EODFN�WUXIIOH�FXOWLYDWLRQ�SURMHFWV�LQ�KLJK�DOWLWXGH�DUHDV�
RI�&KLQD��  

7KLV�VWXG\�DGGHG�ILYH�QHZ�VSHFLHV��IRU�WKH�ILUVW�WLPH�ZLWKLQ�4XHUFXV�LQ�&KLQD��WR�
WKH� ORQJ� OLVW� RI� QRQ�WUDGLWLRQDO� WUHHV� WKDW� KDYH� EHHQ� GHPRQVWUDWHG� WR� KRVW� 7��
PHODQRVSRUXP� XQGHU� QXUVHU\� FRQGLWLRQV��&DU\D� LOOLQRLQHQVLV� �0DUR]]L� HW� DO�� �������
1RWKRIDJXV�VSS���3pUH]�HW�DO���������&DVWDQRSVLV�K\VWUL[��&KHQ��������DQG�3LQXV�VSS���
L�H��� 3�� DUPDQGLL� �6X� HW� DO�� ������� 3�� QLJUD� �'RPtQJXH]�1XxH]� HW� DO�� ������� 3��
\XQQDQHQVLV��/LQ�HW�DO���������DQG�3��KDOHSHQVLV��'RPtQJXH]�HW�DO���������,Q�WKH�ZLOG��
HYHQ� WKH� URFNURVH� &LVWXV� ODXULIROLXV� ZDV� VKRZQ� WR� KRVW� P\FRUUKL]DH� DQG� SURGXFH�
DVFRFDUSV�RI�7��PHODQRVSRUXP��*DUFtD�0RQWHUR�HW�DO���������7KH�SUHVHQW�VWXG\�VWURQJO\�
VXJJHVWV�WKDW�RWKHU�HFRQRPLFDOO\�RU�HQYLURQPHQWDOO\�LPSRUWDQW�WUHH�VSHFLHV�LQ�&KLQD��
VXLWHG�WR�SDUWLFXODU�JHR�FOLPDWLF�FRQGLWLRQV��FRXOG�EH�VLPLODUO\�WHVWHG�IRU�WKHLU�DELOLW\�WR�
IRUP�P\FRUUKL]DH�ZLWK�WKH�3pULJRUG�EODFN�WUXIIOH�LQ�WKH�QXUVHU\��6SHFLHV�UHFHSWLYH�WR�7��
PHODQRVSRUXP�FRXOG�EH�FRQVLGHUHG�IRU�WUXIIOH�SURGXFWLRQ�LQ�SODQWDWLRQV�RU�DV�³FDUULHUV´�
RI�LQRFXOD�IRU�IRUHVWU\�DSSOLFDWLRQV��'RPtQJXH]�HW�DO��������*DUFtD�0RQWHUR�HW�DO���������
&XOOHUp� HW� DO�� ������� GHPRQVWUDWHG� WKDW� KRVW� WUHH� FDQ� LQIOXHQFH� WKH� DURPD� RI� 7��
PHODQRVSRUXP� WUXIIOHV� E\� LQFUHDVLQJ� WKHLU� FRQFHQWUDWLRQV�RI� LVRDP\O� DOFRKRO� DQG���
HWK\O���PHWK\OSKHQRO��7KHUHIRUH��WHVWLQJ�DQG�FRPSDULQJ�GLIIHUHQW�KRVW�WUHH�VSHFLHV�IRU�
WKHLU� UHFHSWLYLW\� WR�P\FRUUKL]DWLRQ�E\�7��PHODQRVSRUXP�� WKHLU�JURZWK�UHVSRQVHV��DQG�
WKHLU�SRWHQWLDO�WR�SURGXFH�DURPDWLF�DVFRPDWD�FRXOG�KDYH�DQ�LPSRUWDQW�HFRQRPLF�LPSDFW��  

0RUH� ZRUN� LV� UHTXLUHG� WR� XQGHUVWDQG� ZKHWKHU� LQVHFW� JUD]LQJ� SUHYHQWHG� WKH�
P\FRUUKL]DWLRQ�WR�IXOO\�HVWDEOLVK�RQ�VRPH�RI�WKH�VSHFLHV�VWXGLHG��7KH�PRUSKRORJ\�RI�
WKH�ODUYDH�VHHQ�RQ�WKH�RDN�VHHGOLQJV��6XSSO��)LJ���O�P��ZDV�LGHQWLFDO�WR�WKRVH�IRXQG�RQ�
SLQHV�JURZQ� LQ� WKH� VDPH�QXUVHU\� DQG� LGHQWLILHG� DV�%UDG\VLD� LPSDWLHQV� �:DQJ� HW� DO��
������� D� FRPPRQ�SHVW� LQ� JUHHQKRXVHV�� NQRZQ� WR�GDPDJH�PXVKURRP¶V�P\FHOLXP�RU�
VSRURFDUSV� �&OR\G�� ������ <H� HW� DO��� ������� *UHHQKRXVH� PDQDJHPHQW� WHFKQLTXHV�
UHGXFLQJ� LQVHFW� SRSXODWLRQV� �&OR\G� ������ DUH� UHTXLUHG� WR� HQVXUH� WKH� ODUJH�VFDOH�
SURGXFWLRQ� RI� WUXIIOH�P\FRUUKL]HG� VHHGOLQJV� LQ� WKH� IXWXUH� DQG� WR� IXUWKHU� DVVHVV� WKH�
SRWHQWLDO� RI�4�� YDULDELOLV��4�� IDEUHL�� DQG�4�� VHQHVFHQV� DV� SRWHQWLDO� KRVW� WUHHV� IRU�7��
PHODQRVSRUXP�FXOWLYDWLRQ�LQ�&KLQD��  

,Q�FRQFOXVLRQ��RXU�ZRUN�GHPRQVWUDWHG��IRU�WKH�ILUVW�WLPH��WKH�VXFFHVVIXO�FRQWUROOHG�
P\FRUUKL]DWLRQ�RI� ILYH� LQGLJHQRXV�&KLQHVH�RDN�VSHFLHV�E\�7��PHODQRVSRUXP� DQG� WKH�
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SRVLWLYH�HIIHFWV�RI�WKLV�IXQJXV�RQ�WKH�JURZWK�RI�WKUHH�RI�WKHVH�VSHFLHV�LQ�WKH�QXUVHU\�����
PRQWKV� DIWHU� LQRFXODWLRQ�� 7KH� P\FRUUKL]DWLRQ� FRQWLQXHG� WR� GHYHORS�� LQFOXGLQJ� WKH�
IRUPDWLRQ�RI�FOXVWHUV��XS�WR����PRQWKV�DIWHU�LQRFXODWLRQ��7KH�VWLPXODWLQJ�JURZWK�HIIHFW�
ZDV�VWLOO�FOHDUO\�YLVLEOH�RQ�WKH�WZR�HYHUJUHHQ�VSHFLHV�ZKLOH�7��PHODQRVSRUXP�PDUNHGO\�
DFFHOHUDWHG�EXGEUHDN�LQ�4��PRQJROLFD��7ZR�VSHFLHV��4��PRQJROLFD�DQG�4��ORQJLVSLFD��
DSSHDU� WR� EH�SURPLVLQJ� V\PELRQWV� IRU� JRXUPHW� WUXIIOH� FXOWLYDWLRQ� SURMHFWV� LQ�&KLQD��
ZKLOH�SRWHQWLDOO\�FRQWULEXWLQJ�WR�DIIRUHVWDWLRQ�DQG�HFRV\VWHP�FRQVHUYDWLRQ��+RZHYHU��
PRUH�ZRUN�LV�UHTXLUHG�WR�GHWHUPLQH�LI�WKHVH�WZR�KRVW�VSHFLHV�FRXOG�XQGHUJR�ODUJH�VFDOH�
QXUVHU\� SURGXFWLRQ�� ,Q� DGGLWLRQ� WR� WKH� RSWLPL]DWLRQ� RI� JUHHQKRXVH� FRQGLWLRQV�� WKH�
PRQLWRULQJ�RI�KLJK�TXDOLW\�P\FRUUKL]DO�VHHGOLQJV�SODQWHG�LQ�WKH�ILHOG�LV�QHHGHG�WR�DVVHVV�
����WKH�SHUVLVWHQFH�DQG�GHYHORSPHQW�RI�V\QWKHVL]HG�P\FRUUKL]DH�DQG�����WKH�SURGXFWLRQ�
SRWHQWLDO�RI�7��PHODQRVSRUXP�DVVRFLDWHG�ZLWK�&KLQHVH�KRVW�WUHHV��7KH�QH[W�VWHS�RI�WKLV�
UHVHDUFK�LV�WR�HVWDEOLVK�WULDO�SODQWDWLRQV�ZLWK�WKHVH�RDN�VSHFLHV� 
 
$FNQRZOHGJPHQWV�  
 
7KH�DXWKRUV�DUH�JUDWHIXO�WR�:DQJ�<XQ��ZKR�PDGH�SRVVLEOH�WKH�FROODERUDWLRQ�EHWZHHQ�
7KH�.XQPLQJ�,QVWLWXWH�RI�%RWDQ\��.,%��DQG�7KH�1HZ�=HDODQG�,QVWLWXWH�IRU�3ODQW�DQG�
)RRG�5HVHDUFK�/LPLWHG��DQG�WR�:D\QH�7HZQLRQ�DQG�KLV�GRJ�&DVVLH�IRU�WKH�VXSSO\�RI�
7XEHU� PHODQRVSRUXP� WUXIIOHV� IURP� KLV� WUXIILqUH� LQ� 1HZ� =HDODQG�� )RU� WKH� IUHH]LQJ�
PLFURWRPH�VHFWLRQ��WKDQNV�WR�WKH�%LRWHFKQRORJ\�H[SHULPHQWDO�FHQWHU�RI�.,%��  
 
)XQGLQJ�LQIRUPDWLRQ�  
 
7KLV�ZRUN�ZDV�ILQDQFLDOO\�VXSSRUWHG�E\�WKH�IROORZLQJ�SURMHFWV��1DWLRQDO�.H\�5HVHDUFK�
DQG�'HYHORSPHQW�3URJUDP�RI�&KLQD��12������<)&����������6FLHQFH�DQG�7HFKQRORJ\�
6HUYLFH�1HWZRUN�,QLWLDWLYH��&KLQHVH�$FDGHP\�RI�6FLHQFHV���������*XL]KRX�6FLHQFH�DQG�
7HFKQRORJ\�3URJUDP��12���������������DQG�YLVLWLQJ�SURIHVVRUVKLS�DZDUGHG�WR�$OH[LV�
*XHULQ�/DJXHWWH�XQGHU�WKH�<XQOLQJ�+LJK�(QG�)RUHLJQ�([SHUWV�3URMHFW��  
 
5HIHUHQFHV�  
 
$JHUHU�5��������)XQJDO�UHODWLRQVKLSV�DQG�VWUXFWXUDO�LGHQWLW\�RI�WKHLU�HFWRP\FRUUKL]DH��
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ÈOYDUH]�/DIXHQWH�$��%HQLWR�0DWtDV� /)�� 3HxXHODV�5XELUD� -/�� 6X]� /0� �������0XOWL�

FURSSLQJ�HGLEOH�WUXIIOHV�DQG�VZHHW�FKHVWQXWV��SURGXFWLRQ�RI�KLJK�TXDOLW\�&DVWDQHD�
VDWLYD� VHHGOLQJV� LQRFXODWHG� ZLWK� 7XEHU� DHVWLYXP�� LWV� HFRW\SH� 7�� XQFLQDWXP�� 7��
EUXPDOH�� DQG� 7�� PDFURVSRUXP�� 0\FRUUKL]D� ���� ��±����
KWWSV���GRL�RUJ���������V�����������������  

%HQFLYHQJD�0��9HQDQ]L�*��������$OFXQH�RVVHUYD]LRQL�VXOO¶DFFUHVFLPHQWR�GHOOH�SLDQWH�
WDUWXILJHQH�LQ�SLHQR�FDPSR��,Q��%HQFLYHQJD�0��*UDQHWWL�%��HGV��$WWL�GHO��,,���&RQJU��
,QW���6XO��7DUWXIR��&RPXQLWD��0RQWDQD�GHL�0RQWL�0DUWDQL�H�GHO�6HUDQR��6SROHWR��SS�
���±��� 
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IRRG��DQG�IXHO��VXVWDLQDEOH�DSSURDFKHV�IRU�PXOWLFURSSLQJ�WUXIIOHV�DQG�HFRQRPLFDOO\�
LPSRUWDQW� SODQWV�� ,Q�� =DPERQHOOL�$�� %RQLWR� *0� �HGV�� (GLEOH� HFWRP\FRUUKL]DO�
PXVKURRPV��6RLO�%LRORJ\�����6SULQJHU�9HUODJ�%HUOLQ��+HLGHOEHUJ�� SS����±�����
KWWSV���GRL�RUJ��������������������������B���  

%RQHW� -$�� )LVFKHU� &5�� &ROLQDV� &� ������� &XOWLYDWLRQ� RI� EODFN� WUXIIOH� WR� SURPRWH�
UHIRUHVWDWLRQ� DQG� ODQG�XVH� VWDELOLW\�� $JURQRP\� IRU� 6XVWDLQDEOH� 'HYHORSPHQW�
�����±�� 

%RQLWR�*��7UDSSH� -0��'RQRYDQ�6��9LOJDO\V�5� �������7KH�$VLDQ�EODFN� WUXIIOH�7XEHU�
LQGLFXP�FDQ�IRUP�HFWRP\FRUUKL]DV�ZLWK�1RUWK�$PHULFDQ�KRVW�SODQWV�DQG�FRPSOHWH�
LWV� OLIH� F\FOH� LQ� QRQ�QDWLYH� VRLOV�� )XQJDO� (FRORJ\� ����±����
KWWSV���GRL�RUJ���������M�IXQHFR�������������  

&KHQ� -� ������� 7D[RQRP\� DQG� SK\ORJHQ\� RI� WKH� JHQXV� 7XEHU� LQ� &KLQD� �3H]L]DOHV��
$VFRP\FHWHV��$VFRP\FRWD���3K�'��7KHVLV��.XQPLQJ�,QVWLWXWH�RI�%RWDQ\��&KLQHVH�
$FDGHP\�RI�6FLHQFHV��&KLQD��,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

&KHQ�-��*XR�6;��/LX�3*��������6SHFLHV�UHFRJQLWLRQ�DQG�FU\SWLF�VSHFLHV�LQ�WKH�7XEHU�
LQGLFXP� FRPSOH[�� 3/R6� 21(� ������ H������� KWWSV���GRL��
RUJ���������MRXUQDO�SRQH�������� 

&KHQ�</��������0\FRUUKL]DO�IRUPDWLRQ�RI�7XEHU�PHODQRVSRUXP��(GLEOH�IXQJL�RI�&KLQD�
����������,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

&KHYDOLHU�*��*UHQWH�-��������$SSOLFDWLRQ�SUDWLTXH�GH�OD�V\PELRVH�HFWRP\FRUKL]LHQQH��
SURGXFWLRQ� j� JUDQGH� pFKHOOH� GH� SODQWV� P\FRUKL]pV� SDU� OD� WUXIIH� �7XEHU�
PHODQRVSRUXP�9LWW����>3UDFWLFDO�DSSOLFDWLRQ�RI�HFWRP\FRUUKL]DO�V\PELRVLV��ODUJH�
VFDOH� SURGXFWLRQ�RI� VHHGOLQJV�P\FRUUKL]HG�E\� WKH� WUXIIOH� �7XEHU�PHODQRVSRUXP�
9LWW���@��0XVKURRP�6FLHQFH�;� �3DUW� ,,��� 3URFHHGLQJV� RI� WKH�7HQWK� ,QWHUQDWLRQDO�
&RQJUHVV�RQ�WKH�6FLHQFH�DQG�&XOWLYDWLRQ�RI�(GLEOH�)XQJL��)UDQFH��������3S������
�����,Q�)UHQFK�ZLWK�(QJOLVK�DQG�*HUPDQ�VXPPDULHV��  

&OR\G�5$��������(FRORJ\�RI�IXQJXV�JQDWV��%UDG\VLD�VSS���LQ�JUHHQKRXVH�SURGXFWLRQ�
V\VWHPV� DVVRFLDWHG� ZLWK� GLVHDVH�LQWHUDFWLRQV� DQG� DOWHUQDWLYH� PDQDJHPHQW�
VWUDWHJLHV��,QVHFWV������±����  

&XOOHUp� /�� )HUUHLUD�9��9HQWXULQL�0(��0DUFR� 3��%ODQFR�'� ������� 3RWHQWLDO� DURPDWLF�
FRPSRXQGV�DV�PDUNHUV�WR�GLIIHUHQWLDWH�EHWZHHQ�7XEHU�PHODQRVSRUXP�DQG�7XEHU�
LQGLFXP�WUXIIOHV��)RRG�&KHPLVWU\��������±����  

&XOOHUp�/��)HUUHLUD�9��0DUFR�3��9HQWXULQL�0(��%ODQFR�'��������'RHV�WKH�KRVW�WUHH�H[HUW�
DQ\� LQIOXHQFH� RQ� WKH� DURPDWLF� FRPSRVLWLRQ� RI� WKH� EODFN� WUXIIOH� �7XEHU�
PHODQRVSRUXP�"�)ODYRXU�DQG�)UDJUDQFH�-RXUQDO�������±����  

'HO�/XQJR�$��%DOO�-��&DUOH�-��������*OREDO�SODQWHG�IRUHVWV�WKHPDWLF�VWXG\��5HVXOWV�DQG�
DQDO\VLV��3ODQWHG�)RUHVWV�	�7UHHV�:RUNLQJ�3DSHU�)3��(��)$2��HG���  

'RPtQJXH]�1XxH]�-$��0HGLQD�0��%HUURFDO�/RER�0��$QULTXH]�$��$OEDQHVL�$��������
7KH�FRPELQHG�HIIHFWV�RI�3VHXGRPRQDV�IOXRUHVFHQV�&(&7�����DQG�WKH�EODFN�WUXIIOH�
FRLQRFXODWLRQ�RQ�3LQXV�QLJUD�VHHGOLQJV��L)RUHVW������������  

'RPtQJXH]� -$��0DUWLQ�$��$QULTXH]�$��$OEDQHVL�$� �������7KH� FRPELQHG� HIIHFWV� RI�
3VHXGRPRQDV� IOXRUHVFHQV� DQG� 7XEHU� PHODQRVSRUXP� RQ� WKH� TXDOLW\� RI� 3LQXV�
KDOHSHQVLV� VHHGOLQJV�� 0\FRUUKL]D� ������±����� KWWSV���GRL�RUJ���������V������
���������� 
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'RPtQJXH]�-$��3ODQHOOHV�5��5RGUtJXH]�%DUUHDO�-$��6DL]�GH�2PHxDFD�-$��������7KH�
HIIHFW�RI�7XEHU�PHODQRVSRUXP�9LWW��P\FRUUKL]DWLRQ�RQ�JURZWK��QXWULWLRQ��DQG�ZDWHU�
UHODWLRQV�RI�4XHUFXV�SHWUDHD�/LHEO���4XHUFXV�IDJLQHD�/DPN���DQG�3LQXV�KDOHSHQVLV�
0LOO�� VHHGOLQJV�� 1HZ� )RUHVWV� ������±����� KWWSV���GRL�RUJ���������V����������
������ 

'RPtQJXH]� -$�� 6HOYD� -�� 5RGUtJXH]� %DUUHDO� -$�� 6DL]� GH� 2PHxDFD� -$� ������� 7KH�
LQIOXHQFH�RI�P\FRUUKL]DWLRQ�ZLWK�7XEHU�PHODQRVSRUXP� LQ� WKH�DIIRUHVWDWLRQ�RI� D�
0HGLWHUUDQHDQ�VLWH�ZLWK�4XHUFXV� LOH[� DQG�4XHUFXV� IDJLQHD��)RUHVW�(FRORJ\�DQG�
0DQDJHPHQW��������±�����KWWSV���GRL�RUJ���������M�IRUHFR�������������  

'RQQLQL�'��*DUJDQR�0/��3HULQL�&��6DYLQR�(��0XUDW�&��'L�3LD]]D�6��$OWREHOOL�(��6DOHUQL�
(��5XELQL�$��5DQD�*/��%HQFLYHQJD�0��9HQDQ]RQL�5��=DPERQHOOL�$��������:LOG�
DQG� FXOWLYDWHG� PXVKURRPV� DV� D� PRGHO� RI� VXVWDLQDEOH� GHYHORSPHQW�� 3ODQW�
%LRV\VWHPV�$Q�,QW�-�'HDOLQJ�$VSHFWV�RI�3ODQW�%LRO��������±����  

(GLWRULDO� FRPPLWWHH�RI� WKH�)ORUD�RI�&KLQD�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV� ��������
)ORUD�RI�&KLQD��%HLMLQJ��%HLMLQJ�6FLHQFH�3UHVV��9ROXPH�����,Q�&KLQHVH�  

)DVVL�%��)RQWDQD�$��������6LQWHVL�PLFRUUL]LFD�WUD�3LQXV�VWUREXV�H�7XEHU�PDFXODWXP���,��
0LFRUUL]H� H� VYLOXSSR� GHL� VHPHQ]DOL� QHO� VHFRQGR� DQQR��$OOLRQLD� ������±���� ,Q�
,WDOLDQ 

*DUFtD�0RQWHUR�/*��&DVHUPHLUR�0È��0DQMyQ�-/��+HUQDQGR�,��������,PSDFW�RI�DFWLYH�
VRLO�FDUERQDWH�DQG�EXUQ�VL]H�RQ�WKH�FDSDFLW\�RI�WKH�URFNURVH�&LVWXV�ODXULIROLXV��WR�
SURGXFH� 7XEHU� PHODQRVSRUXP� FDUSRSKRUHV� LQ� WUXIIOH� FXOWXUH�� 0\FRORJLFDO�
5HVHDUFK��������±����  

*DUGHV�0��%UXQV�7'��������,76�SULPHUV�ZLWK�HQKDQFHG�VSHFLILFLW\�IRU�EDVLGLRP\FHWHV�
DSSOLFDWLRQ�WR�WKH�LGHQWLILFDWLRQ�RI�P\FRUUKL]DH�DQG�UXVWV��0RO�(FRO�������±��� 

*LRYDQQHWWL� *�� )RQWDQD� $� ������� 0\FRUUKL]DO� V\QWKHVLV� EHWZHHQ� &LVWDFHDH� DQG�
7XEHUDFHDH��1HZ�3K\WRO�������±��� 

*LUDXG�0� �������3UpOqYHPHQW� HW� DQDO\VH�GH�P\FRUKL]HV�� >6DPSOLQJ� DQG� DQDO\VLV� RI�
P\FRUUKL]DH@�� ,Q�� &HQWUH� 7HFKQLTXH� ,QWHUSURIHVVLRQQHO� GHV� )UXLWV� HW� /pJXPHV�
&7,)/��HG��/D�7UXIIH������±���,Q�)UHQFK 

*XHULQ�/DJXHWWH� $�� &XPPLQJV� 1�� +HVRP�:LOOLDPV� 1�� %XWOHU� 5�� :DQJ� <� �������
0\FRUUKL]D� DQDO\VHV� LQ� 1HZ� =HDODQG� WUXIILqUHV� UHYHDO� IUHTXHQW� EXW� YDULDEOH�
SHUVLVWHQFH� RI� 7XEHU� PHODQRVSRUXP� LQ� FRH[LVWHQFH� ZLWK� RWKHU� WUXIIOH� VSHFLHV��
0\FRUUKL]D������±���  

+H�)��<DQJ�%��:DQJ�+��<DQ�4��&DR�<��+H�;� �������&KDQJHV� LQ� FRPSRVLWLRQ� DQG�
GLYHUVLW\�RI�IXQJDO�FRPPXQLWLHV�DORQJ�4XHUFXV�PRQJROLFD�IRUHVWV�GHYHORSPHQWV�
LQ�1RUWKHDVW�&KLQD��$SSOLHG�6RLO�(FRORJ\��������±����  

+X�+7��:DQJ�<��+X�%<� �������&XOWLYDWLRQ� RI�7XEHU� IRUPRVDQXP� RQ� OLPHG� VRLO� LQ�
7DLZDQ��1HZ�=HDO�-�&URS�+RUW�������±����  

+XUOEHUW�6+��������3VHXGRUHSOLFDWLRQ�DQG�WKH�GHVLJQ�RI�HFRORJLFDO�ILHOG�H[SHULPHQWV��
(FRORJLFDO�0RQRJUDSKV�������±����  

-LD�60��&KHQ�4=��/LX�*-��:DQJ�5;��������$�UHYLHZ�RI�WKH�YDOXH�RI�KLVWRULFDO�PDWHULDOV�
FRQFHUQLQJ�IXQJL�FXOWLYDWLRQ�LQ�VFLHQFH�MRXUQDOV�LQ�ODWH�4LQJ�'\QDVW\��(GLEOH�DQG�
PHGLFLQDO�PXVKURRPV�������±����,Q�&KLQHVH�  

-LQ�==��4X�3'��������6FOHURSK\OORXV�HYHUJUHHQ�EURDG�OHDI�WUHHV�LQ�&KLQD��-RXUQDO�RI�
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<XQQDQ�8QLYHUVLW\��1DWXUDO�6FLHQFHV������±���,Q�&KLQHVH�  
.HQQHG\� 3� ������� (FWRP\FRUUKL]DO� IXQJL� DQG� LQWHUVSHFLILF� FRPSHWLWLRQ�� VSHFLHV�

LQWHUDFWLRQV��FRPPXQLW\�VWUXFWXUH��FRH[LVWHQFH�PHFKDQLVPV��DQG�IXWXUH�UHVHDUFK�
GLUHFWLRQV��1HZ�3K\WRO���������±����  

/HL� -3�� ;LDR�:)�� /LX� -)� ������� 'LVWULEXWLRQ� RI� 4XHUFXV� YDULDELOLV� %OXPH� DQG� ,WV�
(FRORJLFDO�5HVHDUFK� LQ�&KLQD��:RUOG�)RUHVWU\�5HVHDUFK������������ ,Q�&KLQHVH��
ZLWK�(QJOLVK�DEVWUDFW��  

/LQ�4��5DQ�;;�� =KDR� -�� /LX�<;�� /LX�&<��+DQ�'� �������$� VWXG\� RI� WHFKQLTXHV� RI�
FXOWLYDWLQJ� DQG� GHWHFWLQJ� HFWRP\FRUUKL]DO� VHHGOLQJV� RI� %ODFN� 7UXIIOH� �7XEHU�
PHODQRVSRUXP�� DQG� 6XPPHU� 7UXIIOH� �7XEHU� DHVWLYXP��� -RXUQDO� RI� 6LFKXDQ�
)RUHVWU\�6FLHQFH�DQG�7HFKQRORJ\������±����,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

/LX�3*��:DQJ�<��:DQJ�;+��&KHQ�-��=KHQJ�+'��'HQJ�;-��4LDR�3��-LDQJ�+��7LDQ�;)��
=KDQJ� -3�� :DQ� 63�� :DQJ� 5� ������� 2XWOLQH� RI� &KLQHVH� WUXIIOHV� DQG� WKHLU�
FRQVHUYDWLRQDO�VWUDWHJLHV��-RXUQDO�RI�)XQJDO�5HVHDUFK������������,Q�&KLQHVH��ZLWK�
(QJOLVK�DEVWUDFW� 

0D� &/� ������� 3K\ORJHQ\� DQG� ELRJHRJUDSK\� RI� 4XHUFXV� 6HFW�� +HWHUREDODQXV�
�)DJDFHDH��� 3K�'�� 7KHVLV�� .XQPLQJ� ,QVWLWXWH� RI� %RWDQ\�� &KLQHVH�$FDGHP\� RI�
6FLHQFHV��&KLQD��,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW�  

0F&XOODJK�3��1HOGHU�-$��������*HQHUDOL]HG�/LQHDU�0RGHOV��&KDSPDQ�	�+DOO��/RQGRQ��
SS�����[L[��  

0DR�/*��<DQ�''��:X�=)��0D�77��:DQJ�4;��/L�<��*XR�0;��2X\DQJ�&%��&DR�$&��
=KHQJ�-4��������5HVHDUFK�SURJUHVV�LQ�VHHG�WUHDWPHQW��&KLQD�9HJHWDEOHV����������
,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

0DUR]]L�*��6iQFKH]�6��%HQXFFL�*01��%RQLWR�*��)DOLQL�/%��$OEHUWLQL�(��'RQQLQL�'�
�������0\FRUUKL]DWLRQ�RI�SHFDQ��&DU\D� LOOLQRLQHQVLV��ZLWK�EODFN� WUXIIOHV��7XEHU�
PHODQRVSRUXP�DQG�7XEHU�EUXPDOH��0\FRUUKL]D�������±����  

0DUWLQ�)��.RKOHU�$��0XUDW�&��%DOHVWULQL�5��&RXWLQKR�30��-DLOORQ�2��0RQWDQLQL�%��0RULQ�
(��1RHO�%��3HUFXGDQL�5��3RUFHO�%��5XELQL�$��$PLFXFFL�$��$PVHOHP�-��$QWKRXDUG�
9��$UFLRQL�6��$UWLJXHQDYH�)��$XU\�-0��%DOODULR�3��%ROFKL�$��%UHQQD�$��%UXQ�$��
%XpH�0��&DQWDUHO�%��&KHYDOLHU�*��&RXORX[�$��GD�6LOYD�&��'HQRHXG�)��'XSOHVVLV�
6��*KLJQRQH�6��+LOVHOEHUJHU�%��,RWWL�0��0DUoDLV�%��0HOOR�$��0LUDQGD�0��3DFLRQL�
*��4XHVQHYLOOH�+��5LFFLRQL�&��5XRWROR�5�� 6SOLYDOOR�5�� 6WRFFKL�9��7LVVHUDQW� (��
9LVFRPL�$5��=DPERQHOOL�$��=DPSLHUL�(��+HQULVVDW� %��/HEUXQ�0+��3DRORFFL�)��
%RQIDQWH�3��2WWRQHOOR�6��:LQFNHU�3��������3pULJRUG�EODFN�WUXIIOH�JHQRPH�XQFRYHUV�
HYROXWLRQDU\� RULJLQV� DQG� PHFKDQLVPV� RI� V\PELRVLV�� 1DWXUH� ��������±� ������
KWWSV���GRL�RUJ���������QDWXUH������  

0DUWLQ�6DQWDIH�0��3HUH]�)RUWHD�9��=XULDJD�3��%DUULXVR�-��������3K\WRVDQLWDU\�SUREOHPV�
GHWHFWHG�LQ�WUXIIOH�FXOWLYDWLRQ�LQ�6SDLQ��$�UHYLHZ��)RUHVW�6\VWHPV�������±����  

0HOOR�$��0XUDW�&��%RQIDQWH�3� �������7UXIIOHV��PXFK�PRUH� WKDQ� D� SUL]HG� DQG� ORFDO�
IXQJDO�GHOLFDF\��)(06�0LFURELRORJ\�/HWWHUV������±��  

0HQJ� ++�� 6X� 7�� *DR� ;<�� /L� -�� -LDQJ� ;/�� 6XQ� +�� =KRX� =.� ������� :DUPFROG�
FRORQL]DWLRQ�� UHVSRQVH�RI� RDNV� WR�XSOLIW� RI� WKH�+LPDOD\D�+HQJGXDQ�0RXQWDLQV��
0ROHFXODU�(FRORJ\��������±���� 

0LQ�6)��/XR�46��/L�-6��<DQJ�:<��������&RPSDULQJ�RQ�QXWULWLRQ�LQJUHGLHQW�RI�SLFNLQJ�
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4XHUFXV�IDEUHL�+DQFH�LQ�GLIIHUHQW�SHULRGV��)RRG�6FLHQFH�DQG�7HFKQRORJ\��������
�����,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

0ROLQLHU�9��%RXIIDXG�0/��&DVWHO�7��0RXQLHU�$��&RORPEHW�$��5HFRUEHW�*��)URFKRW�+��
:LSI�'��������0RQLWRULQJ�WKH�IDWH�RI�D����\HDU�ROG�WUXIIOH�RUFKDUG�LQ�%XUJXQG\��
IURP�7XEHU� PHODQRVSRUXP� WR� 7XEHU� DHVWLYXP��$JURIRUHVW� 6\VW� �������±������
KWWSV���GRL�RUJ����������V�����������������  

0RUFLOOR�0��6DQFKH]�0��9LODQRYD�;��������7UXIIOH�IDUPLQJ� WRGD\��D�FRPSUHKHQVLYH�
ZRUOG�JXLGH�� ���SS��0XUDW�&� �������)RUW\�\HDUV� RI� LQRFXODWLQJ� VHHGOLQJV�ZLWK�
WUXIIOH�IXQJL��SDVW�DQG�IXWXUH�SHUVSHFWLYHV��0\FRUUKL]D������±����KWWSV���GRL�RUJ��
��������V�����������������  

0XUDW� &�� =DPSLHUL� (�� 9L]]LQL�$�� %RQIDQWH� 3� ������� ,V� WKH� 3pULJRUG� EODFN� WUXIIOH�
WKUHDWHQHG�E\�DQ�LQYDVLYH�VSHFLHV"�:H�GUHDGHG�LW�DQG�LW�KDV�KDSSHQHG��1HZ�3K\WRO��
�������±����  

1DUGLQL�$��6DOOHR�6��7\UHH�07��9HUWRYHF�0��������,QIOXHQFH�RI�WKH�HFWRP\FRUUKL]DV�
IRUPHG� E\� 7XEHU� PHODQRVSRUXP� 9LWW�� RQ� K\GUDXOLF� FRQGXFWDQFH� DQG� ZDWHU�
UHODWLRQV�RI�4XHUFXV�LOH[�/��VHHGOLQJV��$QQ�)RU�6FL�������±����  

1L� -�� &KHQ� =;�� 'RQJ� 0�� &KHQ� ;'�� =KDQJ� ;6� �������� $Q� HFRJHRJUDSKLFDO�
UHJLRQDOL]DWLRQ� IRU� ELRGLYHUVLW\� LQ� &KLQD��$FWD� %RWDQLFD� 6LQLFD� ������������ ,Q�
&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

3DOD]yQ�&��%DUULXVR�--��������9LYHURV�\�SURGXFFLyQ�GH�SODQWD�PLFRUUL]DGD�>1XUVHULHV�
DQG�SURGXFWLRQ�RI�P\FRUUKL]DO�SODQWV@��,Q��³7UXILFXOWXUD��)XQGDPHQWRV�\�WpFQLFDV´�
>7UXIILFXOWXUH�� 3ULQFLSOHV� DQG� 7HFKQLTXHV@� 5H\QD� 6� �HG�� 0XQGL3UHQVD�� 6SDLQ��
0DGULG��SS����±����,Q�6SDQLVK�  

3DRORFFL�)��5XELQL�$��*UDQHWWL�%��$UFLRQL�6� �������5DSLG�PROHFXODU� DSSURDFK� IRU� D�
UHOLDEOH� LGHQWLILFDWLRQ� RI� 7XEHU� VSS�� HFWRP\FRUUKL]DH�� )(06� 0LFURELRO� (FRO�
�����±���  

3DRORFFL�)��5XELQL�$��*UDQHWWL�%��$UFLRQL�6��������7\SLQJ�7XEHU�PHODQRVSRUXP�DQG�
&KLQHVH�EODFN�WUXIIOH�VSHFLHV�E\�PROHFXODU�PDUNHUV��)(06�0LFURELRORJ\�/HWWHUV�
�������±����  

3D\QH�5��0XUUD\�'��%DLUG�'� �����D��7KH�JXLGH� WR� WKH�*HQVWDW� FRPPDQG� ODQJXDJH�
�5HOHDVH������961�,QWHUQDWLRQDO��+HPHO�+HPSVWHG��+HUWIRUGVKLUH��8.�  

3D\QH�5��:HOKDP�6��+DUGLQJ�6������E��$�*XLGH�WR�5(0/�LQ�*HQVWDW����WK�HGQ��961�
,QWHUQDWLRQDO��+HPHO�+HPSVWHDG��+HUWIRUGVKLUH��8.��S�����  

3pUH]�)��3DOIQHU�*��%UXQHO�1��6DQWHOLFHV�5��������6\QWKHVLV�DQG�HVWDEOLVKPHQW�RI�7XEHU�
PHODQRVSRUXP� 9LWW�� HFWRP\FRUUKL]DH� RQ� WZR� 1RWKRIDJXV� VSHFLHV� LQ� &KLOH��
0\FRUUKL]D�������±����  

5H\QD� 6�� *DUFLD�%DUUHGD� 6� ������� (XURSHDQ� EODFN� WUXIIOH�� LWV� SRWHQWLDO� UROH� LQ�
DJURIRUHVWU\� GHYHORSPHQW� LQ� WKH� PDUJLQDO� ODQGV� RI� 0HGLWHUUDQHDQ� FDOFDUHRXV�
PRXQWDLQV�� ,Q��0F$GDP�-��0RVTXHUD�/RVDGD�05� �HGV��5LJXHLUR�5RGUtJXH]�$��
6SULQJHU��$JURIRUHVWU\�LQ�(XURSH�&XUUHQW�VWDWXV�DQG�IXWXUH�SURVSHFWV��SS����±��� 

5H\QD� 6��*DUFLD�%DUUHGD� 6� �������%ODFN� WUXIIOH� FXOWLYDWLRQ�� D� JOREDO� UHDOLW\�� )RUHVW�
6\VWHPV�������±����  

5LRXVVHW�/��5LRXVVHW�*��&KHYDOLHU�*��%DUGHW�0&��������7UXIIHV�G¶(XURSH�HW�GH�&KLQH�
>7UXIIOHV�IURP�(XURSH�DQG�&KLQD@��LQ�)UHQFK�ZLWK�(QJOLVK�VXPPDU\��,15$�&7,)/�



 

�� 
 

�HGV�������SS��  
6KHQ�<0��*XR�33��/LX�6/��=KDR�;3��/LDQJ�)��������5HYLHZ�RI�DGYDQFHV�LQ�SURJUHVV�

DQG�XWLOL]DWLRQ�RI�0RQJROLDQ�RDN��)RUHVW�(QJLQHHULQJ�������±����,Q�&KLQHVH��ZLWK�
(QJOLVK�DEVWUDFW��  

6PLWK�6(��5HDG�'��������0\FRUUKL]DO�V\PELRVLV��7KLUG�HGQ��$FDGHPLF�3UHVV��(OVHYLHU�
/WG��8.�  

6SOLYDOOR�5��)LVFKHU�8��*|EHO�&��)HXVVQHU�,��.DUORYVN\�3��������7UXIIOHV�UHJXODWH�SODQW�
URRW�PRUSKRJHQHVLV�YLD� WKH�SURGXFWLRQ�RI�DX[LQ�DQG�HWK\OHQH��3ODQW�3K\VLRORJ\�
��������±�����  

6X�.0��=KDQJ�;/��/L�)0��/L�(;��/L�6+��������6WXG\�RQ�P\FRUUKL]DWLRQ�RI�3LQXV�
DUPDQGLL� ZLWK�7XEHU�PHODQRVSRUXP�� ,Q�&KLQHVH��ZLWK� (QJOLVK� DEVWUDFW�� (GLEOH�
)XQJL�RI�&KLQD������±����,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW 

:DQ�63��������'LYHUVLW\�RI�K\SRJHRXV�IXQJL�LQ�+HQJGXDQVKDQ�UHJLRQ�DQG�SK\ORJHQ\�
RI�7XEHU��7XEHUDFHDH��3H]L]DOHV���3K�'��7KHVLV��<XQQDQ�$JULFXOWXUDO�8QLYHUVLW\��
&KLQD��,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

:DQJ�5��*XHULQ�/DJXHWWH�$��+XDQJ�//��:DQJ�;+��%XWOHU�5��:DQJ�<��<X�)4��������
0\FRUUKL]DO�V\QWKHVHV�EHWZHHQ�/DFWDULXVVSS��VHFWLRQ�'HOLFLRVL�DQG�3LQXV�VSS��DQG�
HIIHFWV� RI� JUD]LQJ� LQVHFWV� LQ� <XQQDQ�� &KLQD�� &DQ� -� )RU� 5HV� ������±�����
KWWSV���GRL�RUJ���������FMIU�����������  

:DQJ� 4� ������� (FWRP\FRUUKL]DO� FRPPXQLW\� FRPSRVLWLRQ� RI� 4XHUFXV� PRQJROLFD��
-RXUQDO� RI� /LDRQLQJ� )RUHVWU\� 6FLHQFH� 	�7HFKQRORJ\� ��� �±��� ,Q� &KLQHVH�� ZLWK�
(QJOLVK�DEVWUDFW��  

:KLWH�7-��%UXQV�7��/HH�6��7D\ORU�-:��������$PSOLILFDWLRQ�DQG�GLUHFW�VHTXHQFLQJ�RI�
IXQJDO�ULERVRPDO�51$�JHQHV�IRU�SK\ORJHQHWLFV��,Q��3URWRFROV�3&5��HG��0$��,QQLV��
'+�� *HOIDQG�� --�� 6QLQVN\�� 7-�� :KLWH��$FDGHPLF� 3UHVV�� 6DQ� 'LHJR� 1HZ�<RUN�
%RVWRQ��SS����±����  

:X�<��%DR�=<��������5HVRXUFHV�RI�WKH�4XHUFXV�DQG�WKHLU�DSSOLFDWLRQ�WR�ODQGVFDSLQJ��
1RUWKHUQ�+RUWLFXOWXUH������±�����,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  

:X�=<��������&KLQHVH�YHJHWDWLRQ��6FLHQFH�3UHVV��%HLMLQJ��S�����,Q�&KLQHVH�  
;X�$6��������$�WD[RQRPLF�VWXG\�RI�WKH�JHQXV�7XEHU�LQ�;L]DQJ��0\FRV\VWHPD�������±

�����,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  
<H�/��/HQJ�5��+XDQJ�-��4X�&��:X�+��������5HYLHZ�RI�WKUHH�EODFN�IXQJXV�JQDW�VSHFLHV�

�'LSWHUD��6FLDULGDH��IURP�JUHHQKRXVHV�LQ�&KLQD��WKUHH�JUHHQKRXVH�VFLDULGV�IURP�
&KLQD��-RXUQDO�RI�$VLD�3DFLILF�(QWRPRORJ\����������±����  

=KDQJ�/)��<DQJ�=/��6RQJ�'6� �������$�SK\ORJHQHWLF� VWXG\�RI� FRPPHUFLDO�&KLQHVH�
WUXIIOHV� DQG� WKHLU� DOOLHV�� WD[RQRPLF� LPSOLFDWLRQV�� )(06� 0LFURELRORJ\� /HWWHUV�
������±���  

=KDQJ�;��<H�/��.DQJ�=��=RX� -�� =KDQJ�;��/L�;� �������0\FRUUKL]DWLRQ�RI�4XHUFXV�
DFXWLVVLPD�ZLWK�&KLQHVH�EODFN�WUXIIOH�VLJQLILFDQWO\�DOWHUHG�WKH�KRVW�SK\VLRORJ\�DQG�
URRW�DVVRFLDWHG�PLFURELRPHV��3HHU-����H������KWWSV���GRL�RUJ���������SHHUM����� 

� =KRX� =.� ������� *HRJUDSKLFDO� GLVWULEXWLRQ� RI� 4XHUFXV� IURP� &KLQD�� -RXUQDO� RI�
8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV������±����,Q�&KLQHVH�ZLWK�(QJOLVK�
DEVWUDFW�  

=KRX�=.��������2ULJLQ��SK\ORJHQ\�DQG�GLVSHUVDO�RI�4XHUFXV�IURP�&KLQD��$FWD�%RWDQLFD�

https://doi.org/10.7717/peerj.6421


 

�� 
 

<XQQDQLFD�������±�����,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW��  
=KRX�=.��3X�&;��&KHQ�:<��������5HODWLRQVKLSV�EHWZHHQ�WKH�GLVWULEXWLRQV�RI�4XHUFXV�

VHFW�+HWHUREDODQXV��)DJDFHDH��DQG�XSOLIW�RI�+LPDOD\DV��$GYDQFH�LQ�(DUWK�6FLHQFHV�
������±�����,Q�&KLQHVH��ZLWK�(QJOLVK�DEVWUDFW 
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$�VXFFHVVIXO�HVWDEOLVKPHQW�RI�H[RWLF�3LQXV�UDGLDWD�VHHGOLQJV�GHSHQGV�RQ�

LWV� LQWHUDFWLRQ� ZLWK� FR�LQWURGXFHG� /DFWDULXV� GHOLFLRVXV� RU� ORFDO�

HFWRP\FRUUKL]DO�IXQJDO�FRPPXQLWLHV� �  
5DQ� :DQJ��� ���� <DQOLDQJ� :DQJ���� $OH[LV� *XHULQ�/DJXHWWH��� 3HQJ� =KDQJ��� &DUORV�
&ROLQDV�����)XTLDQJ�<X� 
 
�� *HUPSODVP� %DQN� RI�:LOG� 6SHFLHV��<XQQDQ� .H\� /DERUDWRU\� IRU� )XQJDO� 'LYHUVLW\� DQG� *UHHQ�
'HYHORSPHQW�� .XQPLQJ� ,QVWLWXWH� RI� %RWDQ\�� &KLQHVH�$FDGHP\� RI� 6FLHQFHV�� ���� /DQKHL� 5RDG��
.XQPLQJ��<XQQDQ���������3HRSOH¶V�5HSXEOLF�RI�&KLQD 
��'HSDUWPHQW� RI�&URS� DQG�)RUHVW� 6FLHQFH��8QLYHUVLW\� RI�/OHLGD��$Y��$OFDOGH�5RYLUD�5RXUH�� �����
������/OHLGD��6SDLQ�  
��0\FRWUHH &��6RXWKHUQ :RRGV 1XUVHU\� ���� 5RELQVRQV�5RDG��5'��&KLVWFKXUFK��1HZ�=HDODQG 
��)RUHVW�6FLHQFHV�&HQWHU�RI�&DWDORQLD��&7)&���&UWD��6DQW�/ORUHQo�V�Q��6ROVRQD��6SDLQ 
 

0DQXVFULSW�VXEPLWWHG�WR�)URQWLHUV�LQ�0LFURELRORJ\ 
 
 
 
$%675$&7 
$Q�LQWURGXFWLRQ�RI�H[RWLF�RU�QRQ�QDWLYH� WUHHV�PD\�IDLO�GXH�WR�ODFN�RI�VXLWDEOH�IXQJDO�
SDUWQHUV�� :H� SODQWHG� H[RWLF� 3LQXV� UDGLDWD� LQ� D� QHZ� KDELWDW� LQ� ;LIHQJ�� *XL]KRX�
6RXWKZHVW�&KLQD��6WUDWHJLHV�WR�LQWURGXFH�3��UDGLDWD�VHHGOLQJV�HLWKHU�FRORQL]HG�ZLWK�DQ�
HFWRP\FRUUKL]DO� IXQJXV� �(F0)��� /DFWDULXV� GHOLFLRVXV�� RU� H[SHFW� WKHP� WR� IRUP�
IDPLOLDU�QHZ�DVVRFLDWLRQV�ZLWK�ORFDO�(F0)�LQ�D�QHZ�KDELWDW�ZHUH�VWXGLHG�WR�NQRZ�KRZ�
3��UDGLDWD�FRXOG�EH�VXFFHVVIXOO\�HVWDEOLVKHG�RYHU�D�SHULRG�RI�����\HDUV��3ODQW�KHLJKW�DQG�
QHHGOH� QXWULHQW� DFTXLVLWLRQ�� SHUVLVWHQFH� RI� FR�LQWURGXFHG� /�� GHOLFLRVXV� DQG� IXQJDO�
FRPPXQLW\�FRPSRVLWLRQ�LQ�UKL]RVSKHUH�VRLO�DQG�URRW�WLSV�ZHUH�DQDO\]HG��,Q�DGGLWLRQ��D�
JUHHQKRXVH�ELRDVVD\� H[SHULPHQW� RI� ORFDO� VRLO� WR� DVVHVV� WKH�GLIIHUHQFHV� LQ� WKH�(F0)�
FRPPXQLW\�EHWZHHQ�H[RWLF�DQG�QDWLYH�SLQH�VHHGOLQJV�ZDV�DOVR�FRQGXFWHG��7KH�FXUUHQW�
UHVXOWV�GHPRQVWUDWHG�WKDW�HLWKHU�FR�LQWURGXFHG�/��GHOLFLRVXV�RU�DVVRFLDWLRQV�ZLWK�ORFDO�
(F0)�FRXOG�ERWK�KHOS�3��UDGLDWD�HVWDEOLVK�LQ�;LIHQJ��7KH�FR�LQWURGXFHG�/��GHOLFLRVXV�
PLJKW�EH�QDWXUDOL]HG�ZLWK�3��UDGLDWD� LQ� WKH�QHZ�DUHD��+RVW� LGHQWLW\�KDG�QR�HIIHFW�RQ�
IXQJDO�FRPSRVLWLRQ�VLQFH�H[RWLF�3��UDGLDWD�DQG�QDWLYH�3��PDVVRQLDQD�UHFUXLWHG�VLPLODU�
ORFDO� IXQJDO�FRPPXQLWLHV��EXW�/��GHOLFLRVXV�SUH�FRORQL]DWLRQ�VLJQLILFDQWO\�DOWHUHG� WKH�
P\FRUUKL]RVSKHUH� IXQJDO� FRPSRVLWLRQ�� &RVPRSROLWDQ� VSHFLHV� 6XLOOXV� SODFLGXV�ZLWK�
KLJK�UHODWLYH�DEXQGDQFH�ZDV�IRXQG�LQ�UKL]RVSKHUH�VRLO�DQG�URRW�WLSV�LQ�WKH�SODQWDWLRQ��,Q�
DGGLWLRQ��WKH�JUHHQKRXVH�ELRDVVD\�H[SHULPHQW�IXUWKHU�SURYHG�WKDW�D�ORFDO�(F0)��6XLOOXV�
VS��� FRQWULEXWHG� UHODWLYHO\�KLJKHU� H[WUDFHOOXODU� HQ]\PHV�E\� IRUPLQJ� HFWRP\FRUUKL]DV�
ZLWK�3�� UDGLDWD�� DQG� WKHUH�ZDV� QR� DOWHUDWLRQ� RI� WKH� IXQJDO� FRPPXQLW\� FDXVHG� E\�3��
UDGLDWD�GXULQJ�HDUO\�HVWDEOLVKPHQW��2XU�VWXG\�VKRZHG�WKDW�H[RWLF�3��UDGLDWD�FRXOG�EH�D�
VXLWDEOH�WUHH�FDSDEOH�WR�JHW�HVWDEOLVKHG�VXFFHVVIXOO\�LQ�;LIHQJ�HLWKHU�E\�LQWHUDFWLRQ�ZLWK�



 

�� 
 

FR�LQWURGXFHG�/��GHOLFLRVXV�RU�ZLWK�ORFDO�(F0)��ZKLOH�PRUH�DWWHQWLRQ�VKRXOG�EH�SDLG�WR�
ORFDO�(F0)�FRPPXQLW\�FKDQJHV�LQGXFHG�E\�WKH�LQWURGXFHG�/��GHOLFLRVXV� 
 
.H\ZRUGV�� H[RWLF� 3LQXV� UDGLDWD�� FR�LQWURGXFHG� /DFWDULXV� GHOLFLRVXV�� ORFDO�
HFWRP\FRUUKL]DO�IXQJL��6XLOOXV��H[WUDFHOOXODU�HQ]\PH 
 
 
,1752'8&7,21 
$�QXPEHU�RI�H[RWLF�WUHH�VSHFLHV�IURP�WKH�JHQHUD�3LQXV��(XFDO\SWXV�DQG�3RSXOXV�KDYH�
EHHQ� LQWURGXFHG� WR� &KLQD� VLQFH� WKH� ����¶V�� ZKLFK� KDYH� EHFRPH� WKH� GRPLQDQW� WUHH�
VSHFLHV�LQ�WLPEHU�SODQWDWLRQV��6RQJ��������:DQJ�HW�DO���������&KHQ�HW�DO���������)DURRT�
HW� DO��� ������� $PRQJ� WKHP�� SLQH� VSHFLHV� DUH� ZLGHO\� GLVWULEXWHG� LQ� WKH� QRUWKHUQ�
KHPLVSKHUH�DQG�SOD\�DQ�LPSRUWDQW�UROH�LQ�DIIRUHVWDWLRQ��GXH�WR�WKHLU�HDV\�SURSDJDWLRQ��
VWURQJ�DGDSWDELOLW\��VKRUW�JURZWK�F\FOH�DQG�KLJK�TXDOLW\�ZRRG��6RQJ��������5LFKDUGVRQ�
HW�DO���������:DQJ�HW�DO����������,Q�QDWXUH��SLQH�WUHHV�IRUP�REOLJDWH�V\PELRVHV�ZLWK�D�
YDULHW\�RI�HFWRP\FRUUKL]DO�IXQJL��(F0)��ZKLFK�SURYLGH�SODQWV�ZLWK�PLQHUDO�QXWULHQWV��
ZDWHU�� RU� GHIHQVH� DJDLQVW� SDWKRJHQV��ZKHUHDV� SODQWV� VXSSO\� (F0)�ZLWK� HQHUJ\�ULFK�
FDUERQ�FRPSRXQGV�LQ�UHWXUQ��$OOHQ��������/LDQJ�HW�DO���������6PLWK�DQG�5HDG�������� 

$� VXFFHVVIXO HVWDEOLVKPHQW RI� H[RWLF� SLQHV� LQ� QRQ�QDWLYH� DUHDV� LV� GHSHQGHQW� RQ�
YDULRXV� IDFWRUV�� VXFK� DV� SDWKZD\� RI� LQWURGXFWLRQ�� VRLO� SURSHUWLHV� DQG� ORFDO� FOLPDWH�
�.HDQH�DQG�&UDZOH\��������3\VHN�HW�DO���������������'RGHW�HW�DO���������'LFNLH�HW�DO���
�������%HVLGHV��VRPH�ELRWLF�IDFWRUV� OLNH�SDWKRJHQV��SUHGDWRUV�DQG�VXLWDEOH�PXWXDOLVWV�
DOVR�SOD\�LPSRUWDQW�UROHV�LQ�QDWXUDOL]DWLRQ�RI� LQWURGXFHG�SODQWV��.HDQH�DQG�&UDZOH\��
������3ULQJOH�HW�DO���������-XUNLHQ�HW�DO���������0R\DQR�HW�DO���������1LQJ�HW�DO����������
(FWRP\FRUUKL]D�� WKH� URRW� WLSV�FRORQL]HG�E\�(F0)��SURGXFH�D�YDULHW\�RI�H[WUDFHOOXODU�
HQ]\PHV�LQFOXGLQJ�R[LGDVH�DQG�K\GURODVH�WR�PRELOL]H�VRLO�RUJDQLF�PDWWHU��&RXUW\�HW�DO���
�������$V�D�FRQVHTXHQFH��(F0)�FRPPXQLWLHV�ODUJHO\�DIIHFW�HFRV\VWHP�SURFHVVHV��VXFK�
DV� FDUERQ�RU� QXWULHQW� F\FOLQJ� �&KDSHOD� HW� DO��� ������5HDG� DQG�3HUH]�0RUHQR�� ������
&OHPPHQVHQ�HW�DO����������  

,QLWLDO�SODQWLQJ�RI�SLQHV�IDLOHG�LQ�PDQ\�SDUWV�RI�WKH�VRXWKHUQ�KHPLVSKHUH��0DU[��
������3ULQJOH�HW�DO���������GXH�WR�WKH�ODFN�RI�VXLWDEOH�(F0)��,W�KDV�EHHQ�ORQJ�UHFRJQL]HG�
WKDW� WKH� DEVHQFH� RI� FR�HYROYHG� (F0)� LQ� VRLOV� LV� D� PDMRU� REVWDFOH� WR� VXFFHVVIXO�
HVWDEOLVKPHQW�RI� LQWURGXFHG�SODQWV� �0LNROD��������3R\QWRQ��������5LFKDUGVRQ�HW�DO���
������3ULQJOH�HW�DO���������1XQH]�DQG�'LFNLH���������,Q�JHQHUDO��WKHUH�FRXOG�EH�WKUHH�
VWUDWHJLHV�IRU�H[RWLF�SODQWV�WR�RYHUFRPH�GHWULPHQWDO�ORVV�RI�PXWXDOLVWLF�V\PELRQWV������
LQWHUDFWLRQ� ZLWK� (F0)� FR�LQWURGXFHG� IURP� WKH� SODQW¶V� QDWLYH� KDELWDWV�� ���� IDPLOLDU�
DVVRFLDWLRQ�ZLWK�(F0)�SUHVHQW�LQ�ERWK�QDWLYH�DQG�QHZ�KDELWDWV��DQG�����QHZ�DVVRFLDWLRQ�
ZLWK�(F0)�LQ�D�IUHVK�KDELWDW��'LFNLH�HW�DO��������DQG������� 

%\� DQDO\]LQJ� ��� LQGHSHQGHQW� JOREDO�VFDOH� GDWDVHWV� RI� (F0)� FRPPXQLWLHV�
DVVRFLDWHG�ZLWK�3LQDFHDH�DQG�(XFDO\SWXV�VSS��LQ�WKH�LQWURGXFWLRQ�DUHDV��9ON�HW�DO������D��
VKRZHG�WKDW�VXFFHVVIXO�LQWURGXFWLRQ�RI�H[RWLF�3LQDFHDH�UHOLHG�RQ�FR�LQWURGXFHG�(F0)��
HVSHFLDOO\�LQ�DUHDV�ZKHUH�3LQDFHDH�GLG�QRW�QDWXUDOO\�H[LVW��&R�LQWURGXFHG�(F0)�PD\�
SUHDGDSW� WR� QHZ� DUHDV� DV� HDUO\� VXFFHVVLRQDO� IXQJL� DQG� WKHQ� KHOS� H[RWLF� SODQWV�
VXFFHVVIXOO\�HVWDEOLVK�LQ�QHZ�DUHDV��9ON�HW�DO��������E���0DQ\�H[RWLF�WUHH�VSHFLHV�KDYH�



 

��� 
 

EHHQ�IUHTXHQWO\�WUDQVSRUWHG�WR�QHZ�DUHDV�DV�VHHGOLQJV�DORQJ�ZLWK�VRLO�UDWKHU�WKDQ�VSHFLILF�
LQRFXOXP� IURP� WKHLU� QDWLYH� UDQJH�� EXW� WKH� LGHQWLWLHV� DQG� GLVWULEXWLRQV� RI� (F0)� FR�
LQWURGXFHG�ZLWK�3LQDFHDH�VSHFLHV�DUH�SRRUO\�NQRZQ��0LNROD��������'LFNLH�HW�DO���������
+\QVRQ�HW�DO����������+D\ZDUG�HW�DO��������UHSRUWHG�WKDW�WKH�FR�LQWURGXFWLRQ�RI�DQ�(F0)�
ZDV�VXIILFLHQW�WR�VXFFHVVIXOO\�LQWURGXFH�3LQXV�FRQWRUWD�RXWVLGH�LWV�QDWXUDO�GLVWULEXWLRQ�
UDQJH�RU�SURPRWH�H[SDQVLRQ�RI�LWV�QDWXUDO�UDQJH��(FWRP\FRUUKL]DO�SODQWV�XVXDOO\�KRVW�
KLJKO\� GLYHUVH� (F0)� FRPPXQLWLHV� RQ� WKHLU� URRW� V\VWHP� LQ� WKHLU� QDWLYH� UDQJH�� WKXV�
ZKHWKHU� D� VXFFHVVIXO� LQWURGXFWLRQ� LV� UHODWHG� WR� D� IHZ� XQLTXH� FR�LQWURGXFHG� (F0)�
UHPDLQV�TXHVWLRQDEOH��2Q�WKH�RWKHU�KDQG��FR�LQWURGXFHG�(F0)�VSHFLHV�PD\�EH�UHSODFHG�
E\� ORFDO�(F0)�VSHFLHV�RU�GLVSODFH� ORFDO�(F0)��5LFKDUGVRQ�HW�DO���������'HOO� HW�DO���
������9HOOLQJD�HW�DO����������7KHUHIRUH��WKH�HFRORJ\�RI�DQ�LQWURGXFHG�(F0)�DW�QHZ�VLWHV�
QHHGV�WR�EH�VWXGLHG�GXULQJ�WUHH�UHVWRUDWLRQ� 

� 9ON�HW�DO������D��VXPPDUL]HG�WKDW�IDPLOLDU�RU�QHZ�DVVRFLDWLRQV�LQ�QHZ�VLWHV�ZLWK�
QDWLYH� (F0)� SUHYDLOHG� DPRQJ� H[RWLF� 3LQDFHDH� LQWURGXFHG� WR� UHJLRQV� ZKHUH� RWKHU�
3LQDFHDH�VSHFLHV�RFFXU�QDWXUDOO\��6HOHFWLRQ�RI�KLJK�HIILFLHQF\�SDUWQHUV�LQ�WKH�ORFDO�DUHDV�
PLJKW�EH�DQRWKHU�LPSRUWDQW�VWUDWHJ\�IRU�H[RWLF�SLQH�HVWDEOLVKPHQW��([RWLF�SODQWV�PD\�
UHFUXLW�GLIIHUHQW�(F0)�FRPPXQLWLHV�EHFDXVH�RI�WKHLU�SK\ORJHQHWLF�GLVWDQFH��7URFKD�HW�
DO���������1JX\HQ�HW�DO���������1LQJ�HW�DO����������,Q�D�ELRDVVD\�H[SHULPHQW�ZLWK�QDWXUDO�
VRLO�FRUHV�IURP�SLQH�IRUHVWV��1LQJ�HW�DO��������������GRFXPHQWHG�WKDW�KRVW�LGHQWLW\�ZDV�
D�NH\�IDFWRU�GHWHUPLQLQJ�(F0)�FRPPXQLW\�DVVHPEOHG�LQ�SODQW�HDUO\�HVWDEOLVKPHQW�DQG�
WKH�VKLIWV�RI�(F0)�FRPPXQLW\�FRPSRVLWLRQ�PLJKW�KDSSHQ�WR�H[RWLF�SLQHV�IRU�VHOHFWLQJ�
EHQHILFLDO�PXWXDOLVWV�DJDLQVW�OHVV�EHQHILFLDO�FRXQWHUSDUWV��+RUWDO�HW�DO���������1LQJ�HW�
DO��� ������� ,Q� DGGLWLRQ�� WKH� LQWHUDFWLRQ� EHWZHHQ� H[RWLF� SLQH� VSHFLHV� DQG� ORFDO� (F0)�
UHVXOWHG�LQ�KLJKHU�FDSDFLW\�IRU�RUJDQLF�QLWURJHQ�DQG�SKRVSKRUXV�XWLOL]DWLRQ�WKDQ�WKDW�RI�
QDWLYH�SLQH�VSHFLHV��ZKLFK�PLJKW�LQGLFDWH�D�KRVW�VSHFLILF�DGYDQWDJH�RI�SODQW�P\FRUUKL]D�
V\PELRVLV�IRU�QXWULHQW�XSWDNH�DQG�F\FOLQJ��$�EHWWHU�XQGHUVWDQGLQJ�RI�VXFK�QXWULWLRQDO�
HIIHFWV�FRXOG�SURYLGH�LQVLJKWV�LQWR�WKH�PHFKDQLVP�RI�H[RWLF�SODQW�HVWDEOLVKPHQW�GXULQJ�
HFRV\VWHP�UHVWRUDWLRQ� 

3LQXV�UDGLDWD�'��'RQ�LV�D�QDWLYH�VSHFLHV�WR�WKH�FHQWUDO�FRDVW�RI�&DOLIRUQLD��8�6�$���
,W�KDV�WKH�ORZHVW�PRUWDOLW\�DQG�EHVW�JURZWK�UDWH�GXULQJ�HDUO\�HVWDEOLVKPHQW�ZKHUH�RWKHU�
IRUHVW�VSHFLHV�DUH�GLIILFXOW�WR�JHW�HVWDEOLVKHG��%L�HW�DO����������6LQFH�����¶V��3��UDGLDWD�
KDV�EHFRPH�WKH�PDLQ�SODQWHG�WUHH�VSHFLHV�LQ�1HZ�=HDODQG��2QH�SODQWDWLRQ�RI�3��UDGLDWD�
IURP�1HZ�=HDODQG�KDV�EHHQ�HVWDEOLVKHG�LQ�*XL]KRX�SURYLQFH��VRXWKZHVW�RI�&KLQD�VLQFH�
������ 0\FRUUKL]DO� VHHGOLQJV� ZHUH� REWDLQHG� ZLWK� D� /DFWDULXV� GHOLFLRVXV� FXOWXUH�
RULJLQDOO\�IURP�IUXLWLQJ�ERGLHV�LQ�1HZ�=HDODQG¶V�3��UDGLDWD�SODQWDWLRQV��:DQJ�HW�DO���
������ *XHULQ�� /DJXHWWH� HW� DO��� ������:DQJ� HW� DO��� ������� 7KHUH� ZDV� QR� UHFRUG� RI�
/DFWDULXV� GHOLFLRVXV� IUXLWLQJ� ERGLHV� LQ� WKH� DUHD� EHIRUH� WKH� ;LIHQJ� SODQWDWLRQ�
HVWDEOLVKPHQW��,Q�0D\�������P\FRUUKL]DO�DQG�QRQ�P\FRUUKL]DO�VHHGOLQJV�RI�H[RWLF�3��
UDGLDWD�� DQG� QRQ�P\FRUUKL]DO� VHHGOLQJV� RI� QDWLYH� 3�� PDVVRQLDQD� /DPE�� ZHUH�
UHVSHFWLYHO\� SODQWHG� LQ� ;LIHQJ� &RXQW\�� *XL]KRX� 3URYLQFH�� )UXLWLQJ� ERGLHV� RI� /��
GHOLFLRVXV� KDYH� EHHQ� REVHUYHG� DIWHU� WZR� DQG� KDOI� \HDUV� LQ� WKH� SODQWDWLRQ� ZLWK� WKH�
P\FRUUKL]DO��QRW�ZLWK�WKH�QRQ�P\FRUUKL]DO�VHHGOLQJV��)LJXUH��(��)�� 

The primary purpose for establishing plantation was to introduce radiata pines, 
reuse wasteland and might realize L. deliciosus cultivation. ,Q� WKLV�SUHVHQW�VWXG\��WKH�
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IROORZLQJ�VWXGLHV�LQ�WKH�SODQWDWLRQ�ZHUH�FRQGXFWHG���D��VHHGOLQJV¶�KHLJKW�ZDV�PHDVXUHG�
HYHU\�VL[�PRQWKV���E��QXWULHQW�FRQFHQWUDWLRQ�LQ�QHHGOHV�ZDV�DQDO\]HG�DIWHU�IUXLWLQJ���F��
LGHQWLILFDWLRQ�RI�WKH�FRPSRVLWLRQ�DQG�GLYHUVLW\�RI�WKH�(F0)�FRPPXQLWLHV�ZDV�DQDO\]HG�
WKURXJK�KLJK�WKURXJKSXW� VHTXHQFLQJ� DQG� �G�� D� JUHHQKRXVH�ELRDVVD\� H[SHULPHQW�ZDV�
FRQGXFWHG�E\�SODQWLQJ�H[RWLF�3��UDGLDWD� DQG�QDWLYH�3��PDVVRQLDQD�VHHGOLQJV� LQ�VRLOV�
FROOHFWHG� IURP�;LIHQJ� DQG� DFWLYLW\� RI� H[WUDFHOOXODU� HQ]\PHV� UHODWHG� WR�&��1�� DQG� 3�
DFTXLVLWLRQ�ZHUH�DVVD\HG�LQ�HFWRP\FRUUKL]DO�URRW�WLSV� 

 
),*85(���3ODQWDWLRQ�LQ�;LIHQJ�DQG�PXVKURRP�SURGXFWLRQ�LQ�SODQWDWLRQ�LQ�1RYHPEHU������� �$��
6WXG\�VLWH��\HOORZ�OLQH����%��7UHHV�LQ�WKH�SODQWDWLRQ�����\HDUV�DIWHU�SODQWLQJ��LQFOXGLQJ�3LQXV�UDGLDWD�
��/DFWDULXV�GHOLFLRVXV��35�/'���3��UDGLDWD��35��DQG�3��PDVVRQLDQD��30����&��(FWRP\FRUUKL]DV�RI�
35�/'� �EOXH� DUURZV� VKRZLQJ� (&0� WLSV��� �'�� 6XLOOXV� FRORQL]DWLRQ� WR� URRWV� RI� 35�/'� �\HOORZ�
DUURZ����(��/DFWDULXV�GHOLFLRVXV�IUXLWLQJ�ERGLHV��\HOORZ�FLUFOH��RFFXUUHG�DERXW�RQH�PHWHU�IURP�WKH�
35�/'�WUHH���)��/��GHOLFLRVXV�IUXLWLQJ�ERGLHV�IURP�IRXU�35�/'�WUHHV���*��6XLOOXV�VS��IUXLWLQJ�ERGLHV�
RFFXUUHG�QHDU�WKH�35�WUHH� 
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%DVHG�RQ�WKH�DERYH�PHQWLRQHG�DQDO\VLV��WKH�IROORZLQJ�TXHVWLRQV�ZHUH�DGGUHVVHG������
$UH�WKHUH�GLIIHUHQFHV�LQ�JURZWK�HIIHFW�DQG�QXWULHQW�DFTXLVLWLRQ�EHWZHHQ�VHHGOLQJV"�����
$UH� WKHUH� GLIIHUHQFHV� LQ� GLYHUVLW\� DQG� UHODWLYH� DEXQGDQFH� RI� IXQJDO� FRPPXQLWLHV� LQ�
UKL]RVSKHUH�VRLO�RI�FR�LQWURGXFHG�3��UDGLDWD�ZLWK�RU�ZLWKRXW�/��GHOLFLRVXV"�����:KDW�LV�
WKH�GLIIHUHQFH�LQ�WKHLU�(F0)�FRPPXQLWLHV�UHFUXLWHG�E\�H[RWLF�3��UDGLDWD�DQG�QDWLYH�3��
PDVVRQLDQD�LQ�WKHLU�HDUO\�HVWDEOLVKPHQW�XQGHU�JUHHQKRXVH�DQG�ILHOG�SODQWDWLRQ"�����$UH�
WKHUH�GLVWLQFWLYH�UHODWLRQVKLSV�LQ�HFWRP\FRUUKL]DO�HQ]\PH�DFWLYLW\�DQG�QXWULHQW�FRQWHQW�
RI�WLVVXH�EHWZHHQ�QDWLYH�DQG�H[RWLF�SLQH�VHHGOLQJV"�$QVZHUV�WR�WKH�DERYH�PHQWLRQHG�
TXHVWLRQV�ZRXOG�LPSURYH�RXU�XQGHUVWDQGLQJ�RQ�KRZ�DQ�LQWURGXFHG�(F0)�/��GHOLFLRVXV�
RU�ORFDO�(F0)�FRXOG�KHOS�DQ�H[RWLF�3��UDGLDWD�WR�EH�VXFFHVVIXOO\�HVWDEOLVKHG�LQ�D�QHZ�
KDELWDW� 
 
0$7(5,$/�$1'�0(7+2' 
6WXG\�6LWHV�  
7KH�SODQWDWLRQ�������KD��)LJXUH��$��%��LV�ORFDWHG�LQ�;LIHQJ�&RXQW\��މ���������1މ�������
(�� DOW�� �����P�DERYH� WKH� VHD� OHYHO���*XL]KRX�SURYLQFH�� VRXWKZHVW�&KLQD��ZKHUH� WKH�
DQQXDO UDLQIDOO�LV�a������PP��7KH�SODQWDWLRQ�DUHD�ZDV�DQ�DEDQGRQHG�IDUPODQG�ZKHUH�
VKUXEV�DQG�ZHHGV��GRPLQDWHG�E\�3\UDFDQWKD�VS��DQG�)DEDFHDH��KDG�JURZQ�IRU�PRUH�
WKDQ� ILYH� \HDUV�� 7KH� QDWLYH� 3LQXV� PDVVRQLDQD� �30�� IRUHVWV� DUH� ������ P� IURP� WKH�
SODQWDWLRQ��6RLO�SK\VLFR�FKHPLFDO�SURSHUWLHV�ZHUH� WHVWHG�EHIRUH�SODQWDWLRQ� �7DEOH�����
3LQXV�UDGLDWD�/DFWDULXV�GHOLFLRVXV��35�/'��VHHGOLQJV�ZHUH�REWDLQHG�LQ�WKH�JUHHQKRXVH�
LQ� 2FWREHU� ����� DFFRUGLQJ� WR� WKH� PHWKRG� RI�:DQJ� HW� DO� �������� %HIRUH� SODQWDWLRQ�
HVWDEOLVKPHQW��DOO�VHHGOLQJV�ZHUH�FKHFNHG�PRUSKRORJLFDOO\�XQGHU�D�VWHUHRPLFURVFRSH�
�/HLFD� 6�$3��� WR� FRQILUP�P\FRUUKL]DWLRQ�� (FWRP\FRUUKL]DO� URRW� WLSV� IURP� 35�/'�
VHHGOLQJV�� URRW� WLSV� IURP� 35� DQG� 30� VHHGOLQJV� ZHUH� UDQGRPO\� VHOHFWHG� IRU� '1$�
H[WUDFWLRQ�DQG�VXEVHTXHQW�,OOXPLQD�0LV6HT�VHTXHQFLQJ�DQDO\VLV��VHH�6XSSOHPHQWDU\�
0HWKRG���IRU�IXQJDO�FRPPXQLW\�VHTXHQFLQJ��6XSSOHPHQWDU\�)LJXUH�����,Q�0D\�������
D�WRWDO�RI����35�/'�����35�DQG����30�VHHGOLQJV�ZHUH�UDQGRPO\�SODQWHG�LQ�WKH�;LIHQJ�
SODQWDWLRQ��)LJXUH��%�� LQ�D���î���JULG��,Q�1RYHPEHU�������/'�IUXLWLQJ�ERGLHV�ZHUH�
FROOHFWHG�IURP�SODQWDWLRQ��)LJXUH��(��)���665�UHVXOWV�FRQILUPHG�WKDW�IUXLWLQJ�ERGLHV�
ZHUH�IURP�FR�LQWURGXFHG�/'�LVRODWH��7DQJ�DQG�:DQJ��XQSXEOLVKHG���  
 
7$%/(���6RLO�SK\VLFR�FKHPLFDO�FKDUDFWHULVWLFV�LQ�WKH�;LIHQJ�SODQWDWLRQ 

/RFDWLRQ S+ &��J�NJ��� 1��J�NJ��� 3��PJ�NJ��� .��PJ�NJ��� &D��PJ�NJ��� 

;LIHQJ��Q ��� ��������� ���������� ��������� ������������ �������������� �������������� 

 
0HWKRG�6���(&0�IXQJDO�FRPPXQLFDWLRQ�'1$�H[WUDFWLRQ�DQG�,76�VHTXHQFLQJ 
)XQJDO� '1$� ZDV� H[WUDFWHG� IURP� ���� J� RI� P\FRUUKL]DO� URRW� WLSV�� URRW� WLSV� DQG�
P\FRUUKL]RVSKHULF�DQG�UKL]RVSKHULF�VRLO�XVLQJ�3RZHUVRLO��'1$�LVRODWLRQ�NLWV��0R%LR��
6DQ�'LHJR��&$��86$��IROORZLQJ�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�IRU�PD[LPXP�'1$�\LHOG��
7KH�TXDOLW\�DQG�TXDQWLW\�RI�WKH�'1$�H[WUDFWV�ZHUH�FKHFNHG�XVLQJ�D�VSHFWURSKRWRPHWHU�
�1DQRGURS�� 3HT/DE�� *HUPDQ\��� 7KH� ,76�� UHJLRQ� ZDV� DPSOLILHG� XVLQJ� WKH� IRUZDUG�
SULPHU�,76����
��**$$*7$$$$*7&*7$$&$$**��
��DQG�WKH�UHYHUVH�SULPHU�,76��
��
��*&7*&*77&77&$7&*$7*&��
���3XULILHG�DPSOLFRQV�ZHUH�SRROHG�LQ�HTXLPRODU�
FRQFHQWUDWLRQV� DQG� SDLU�HQG� VHTXHQFHG� RQ� DQ� ,OOXPLQD� 0LV6HT� SODWIRUP�� 1RYDVHT�
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3(�����3HUVRQDOELR���6KDQJKDL��&KLQD���7KH�UDZ�UHDGV�ZHUH�DQDO\]HG�XVLQJ�4,,0(��
VRIWZDUH��YHUVLRQ��������KWWS���TLLPH��RUJ���WR�WULP�RII�WKH�ORZ�TXDOLW\�UHDGV��DGDSWRUV��
EDUFRGHV�� DQG� SULPHUV�� 6HTXHQFHV� ZHUH� FOXVWHUHG� LQWR� RSHUDWLRQDO� WD[RQRPLF� XQLWV�
�278V�� E\� VHWWLQJ� D� ����� VLPLODULW\� �(GJDU� ������� 7KH� 81,7(� 6+� GDWDEDVH� Y����
�KWWS���XQLWH�XW�HH�UHSRVLWRU\�SKS��.}OMDOJ� HW�DO���������ZDV�XVHG� LQ�FKLPHUD� FKHFNLQJ�
DQG�278�FOXVWHULQJ��7KH�%UD\�&XUWLV�GLVWDQFH�EDVHG�GLVVLPLODULW\�GLVWDQFH��6LPSVRQ�
DQG�&KDR��GLYHUVLW\�LQGH[��SULQFLSDO�FRRUGLQDWH�DQDO\VLV��3&R$��DQG�D�9HQQ�GLDJUDP�
ZLWK� VKDUHG� DQG� XQLTXH� 278V� ZHUH� SHUIRUPHG� RQ� WKH� *HQHVFORXG� SODWIRUP� RI�
3HUVRQDOELR��WR�HYDOXDWH�WKH�IXQJDO�FRPPXQLW\�GLIIHUHQFHV�EHWZHHQ�GLIIHUHQW�VDPSOHV��
5DZ�VHTXHQFH�GDWD�KDYH�EHHQ�GHSRVLWHG�LQ�WKH�1&%,�6HTXHQFH�5HDG�$UFKLYH�GDWDEDVH�
XQGHU�WKH�ELRSURMHFW�LGHQWLILHU�35-1$�������DQG�35-1$��������  
 
5HIHUHQFHV 
(GJDU� 5&�� ������ 6HDUFK� DQG� FOXVWHULQJ� RUGHUV� RI� PDJQLWXGH� IDVWHU� WKDQ� %/$67��

%LRLQIRUPDWLFV��������������� 
.}OMDOJ�8��/DUVVRQ�.+��$EDUHQNRY�.��1LOVVRQ�5+��$OH[DQGHU�,-��(EHUKDUGW�8��(UODQG�

6��+RLODQG�.��.MROOHU�5��/DUVVRQ�(�HW�DO��������81,7(��D�GDWDEDVH�SURYLGLQJ�ZHE�
EDVHG�PHWKRGV� IRU� WKH�PROHFXODU� LGHQWLILFDWLRQ� RI� HFWRP\FRUUKL]DO� IXQJL��1HZ�
3K\WRORJLVW���������������� 

 

 
),*85(�6��5HODWLYH�DEXQGDQFH�RI�IXQJDO�FRPPXQLW\�FRPSRVLWLRQ�DW�WKH�JHQHUDO�OHYHO�LQ�URRW�WLSV�
RI� 3LQXV� UDGLDWD� �� /DFWDULXV� GHOLFLRVXV� �35�/'��� 3�� UDGLDWD� �35�� DQG� 3�� PDVVRQLDQD� �30��
VHHGOLQJV�EHIRUH�SODQWDWLRQ�HVWDEOLVKPHQW� 
 
6DPSOLQJ�3URFHGXUH�LQ�3ODQWDWLRQ 
6HHGOLQJV¶�KHLJKW�ZDV�PHDVXUHG�HYHU\�VL[�PRQWKV�IURP�1RYHPEHU������WR�0D\������
�7�a7����7KH�VXUYLYDO�UDWH�RI�VHHGOLQJV�ZDV�DOVR�UHFRUGHG�RQH�\HDU�DIWHU�SODQWLQJ��,Q�
0DUFK�������ILYH�SODQWV�RI�HDFK�WUHH�VSHFLHV�ZHUH�UDQGRPO\�VHOHFWHG�DQG�VRLO�OD\HU�ZDV�
OLJKWO\�H[FDYDWHG�DW�����P�DQG�����P�IURP�WKH� WUXQN� WR�REVHUYH�P\FRUUKL]DH�RU� ILQH�
URRWV��6RLO�VDPSOHV�ZHUH�FROOHFWHG�ZLWK�D�VWHULOL]HG�VWDLQOHVV�VWHHO�VSRRQ�ZLWKLQ�����FP�
DURXQG�P\FRUUKL]DH�RU�URRWV��7KH�FRUUHVSRQGLQJ�P\FRUUKL]DH�RU�URRWV�ZHUH�FXW�ZLWK�
VWHULOH�VFLVVRU�DQG�VRLO�DWWDFKHG�WR�WKH�P\FRUUKL]DH�RU�URRWV�ZDV�JHQWO\�VKDNHQ�RII�DQG�
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WKHQ�FROOHFWHG��$OO�VDPSOHV�ZHUH�VWRUHG�LQ�VWHULOH�FHQWULIXJH�WXEHV�DQG�SXW�LQ�IRDP�ER[HV�
ZLWK�LFH�SDFNV��WKHQ�EURXJKW�EDFN�WR� WKH�ODERUDWRU\�DV�VRRQ�DV�SRVVLEOH��0\FRUUKL]DO�
WLSV�DQG�URRWV�ZHUH�JHQWO\�ZDVKHG�ZLWK�VWHULOH�ZDWHU�DQG�WKHQ�FROOHFWHG�DIWHU�WKH�UHPRYDO�
RI�VRLO�GHEULV��$OO�VDPSOHV�ZHUH�WKHQ�XVHG�IRU�,OOXPLQD�0LV6HT�VHTXHQFLQJ��VHH�GHWDLOV�
LQ�6XSSOHPHQWDU\�0HWKRG�����7KH�UDZ�VHTXHQFH�GDWD�KDYH�EHHQ�GHSRVLWHG�LQ�WKH�1&%,�
6HTXHQFH�5HDG�$UFKLYH�GDWDEDVH�XQGHU�WKH�ELRSURMHFW�LGHQWLILHU�35-1$�������� 

+HDOWK\�PDWXUH�SLQH�QHHGOHV�ZHUH�VDPSOHG��DQG�WKHLU�IUHVK�DQG�GU\�ZHLJKW����K�DW�
����&��ZHUH�PHDVXUHG��7KH�GULHG�QHHGOHV�ZHUH�WKHQ�JURXQG�LQWR�ILQH�SRZGHU�DQG�WKH�
FRQWHQW� RI� FDUERQ� �&�� DQG� QLWURJHQ� �1�� ZHUH� GHWHUPLQHG� E\� D� 9DULR� 0$;� &1�
LQVWUXPHQW� �(OHPHQWDU\� $QDO\VH� V\VWHP� *PE+�� *HUPDQ\��� 7RWDO� SKRVSKRUXV� �3���
SRWDVVLXP��.���FDOFLXP��&D���LURQ��)H��DQG�PDQJDQHVH��0Q��ZHUH�GHWHUPLQHG�ZLWK�DQ�
LQGXFWLYHO\� FRXSOHG� SODVPD� DWRPLF�HPLVVLRQ� VSHFWURPHWHU� �,5,6� $GYDQWDJH�(5��
7KHUPR�-DUUHOO�$VK�&RUSRUDWLRQ��)UDQNOLQ��0$��86$�� 
%LRDVVD\�([SHULPHQW�LQ�*UHHQKRXVH 
�D��6RLO�FROOHFWLRQ�IURP�SODQWDWLRQ 
8VLQJ�D�VWHHO�VRLO�DXJHU�����FP�GLDP��a���FP�GHHS���ZH�FROOHFWHG�WZHQW\�VRLO�FRUHV�LQ�
ZDVWHODQGV� QH[W� WR� WKH� ;LIHQJ� SODQWDWLRQ�� SXW� WKHP� LQ� VHDOHG� ]LSORFN� EDJV� DQG�
WUDQVSRUWHG�ZLWK�LFH�WR�ODERUDWRU\��1LQJ�HW�DO����������6RLOV�IURP�WHQ�RI�WKH�FRUHV�ZHUH�
SODFHG�LQWR�����P/�SODVWLF�SRWV��WRS�GLDPHWHU����FP��ERWWRP�GLDPHWHU����FP��KHLJKW�
����FP�� 6��� ;LQJXDQJKH� KRUWLFXOWXUH�� =KHMLDQJ�� ZKLFK� ZHUH� SUH�VWHULOL]HG� ZLWK�
VRGLXP K\SRFKORULWH� ���� DYDLODEOH FKORULQH��� ZKLOH� WKH� RWKHU� WHQ� VRLO� FRUHV� ZHUH�
DXWRFODYHG�IRU��K�DW�����&� WR�EH�XVHG�DV�FRQWURO��7KH�VRLO�ZDV�VRZQ�ZLWK�HLWKHU�35�
VHHGV� �3URVHHG�� 1HZ� =HDODQG�� RU� QDWLYH� 30� VHHGV� �*XL]KRX�� 'X\XQ� &LW\��� %HIRUH�
VRZLQJ�� VHHGV�ZHUH� VXUIDFH� VWHULOL]HG�ZLWK� ���� K\GURJHQ SHUR[LGH� IRU� ���PLQ� �35�
VHHGV��RU���PLQ��30�VHHGV���WKHQ�VRDNHG�LQ�VWHULOH�ZDWHU�DQG�VWRUHG�DW���ႏ�IRU���ZHHNV�
�1LQJ��HW�DO����������$IWHU�JHUPLQDWLRQ����VHHGOLQJV�ZHUH�NHSW�LQ�HDFK�SRW��3ODQWV�ZHUH�
JURZQ�LQ�D�JUHHQKRXVH�DW�.XQPLQJ�,QVWLWXWH�RI�%RWDQ\��.,%��XQGHU�QDWXUDO�OLJKW��H�J���
���� �PRO��� V��� LQVLGH� WKH� JUHHQKRXVH� LQ� -XQH� LQ� D� UDQGRPL]HG� EORFN� GHVLJQ� IRU� SRW�
DUUDQJHPHQWV�� 
�E��0\FRUUKL]DH�IRUPDWLRQ�DQG�LGHQWLILFDWLRQ 
$IWHU�WKUHH�DQG�VL[�PRQWKV�RI�VHHG�JHUPLQDWLRQ��-XQH�DQG�6HSWHPEHU��������WKUHH�SLQH�
VHHGOLQJV�ZHUH�KDUYHVWHG�DQG�WKHQ�JHQWO\�ZDVKHG�ZLWK�WDS�ZDWHU��1XPEHU�RI�URRW�WLSV�
DQG� URRW� WLS� DUHD�ZHUH� HVWLPDWHG� XVLQJ�:,15+,=2� �5HJHQW� ,QVWUXPHQWV�&DQDGD� ,QF���
4XHEHF��&DQDGD���7\SHV�RI� URRW� WLSV�RI�HFWRP\FRUUKL]D� �(&0��ZHUH� LGHQWLILHG� IURP�
PRUSKRORJLFDO�� DQDWRPLFDO� �$JHUHU� ����±������ ������ DQG�PROHFXODU� FKDUDFWHULVWLFV�
�.DUHQ� HW� DO��� �������7KH� VRUWHG�KRPRJHQHRXV�(&0�PRUSKR�DQDWRPLFDO� W\SHV�ZHUH�
FRXQWHG��(&0�FRORQL]DWLRQ�ZDV�FDOFXODWHG�DV�WKH�QXPEHU�RI�(&0�URRW�WLSV�GLYLGHG�E\�
WKH� WRWDO� QXPEHU� RI� URRW� WLSV�ZKLFK� LQFOXGH� (&0� URRW� WLSV� DQG� QRQ�(&0� URRW� WLSV�
�*HKULQJ�DQG�:KLWKDP�������� 
�F��([WUDFHOOXODU�HQ]\PH�DFWLYLW\�RI�(&0 
7KH� DFWLYLW\� RI� &HOORELRK\GURODVH� �&��� ����������� ȕ�*OXFRVLGDVH� �*&�� ����������� ȕ�
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ZHOO�ILOWHU�SODWHV��3ULWVFK�HW�DO���������1LQJ�HW�DO��������� 
�G��3ODQW�KDUYHVW�DQG�WLVVXH�&��1�DQG�3�PHDVXUHPHQWV 
7KUHH�SLQH�VHHGOLQJV�SHU�SRW�ZHUH�VDPSOHG�DQG�VHSDUDWHG�LQWR�VKRRW�DQG�URRW��GULHG�IRU�
���K�DW����ႏ�DQG�WKHQ�WKHLU�ELRPDVVHV�ZHUH�ZHLJKHG��1H[W��GULHG�WLVVXHV�ZHUH�JURXQG�
LQWR�ILQH�SRZGHU��DQG�URRW�DQG�VKRRW�&��1�DQG�3�ZHUH�DQDO\]HG� 
'DWD�$QDO\VHV 
'DWD��PHDQV���6(��Q� ����IURP�WKH�SODQWDWLRQ�ZHUH�VWDWLVWLFDOO\�DQDO\]HG�E\�5�VRIWZDUH�
�YHUVLRQ�������� �5�&RUH�7HDP��������2QH�ZD\� DQDO\VLV� RI� YDULDQFH� IRU� LQGHSHQGHQW�
VDPSOHV�ZDV�SHUIRUPHG�WR�DQDO\]H�VLJQLILFDQW�VFLHQWLILF�GLIIHUHQFHV��3HDUVRQ�FRUUHODWLRQ�
DQDO\VLV��IRU�DOO�DQDO\]HG�VDPSOHV��Q� �����ZDV�XVHG�WR�H[DPLQH�WKH�FRUUHODWLRQV�EHWZHHQ�
WKH�UHODWLYH�DEXQGDQFH�RI�(F0)�278V�DQG�PHDVXUHG�QHHGOH�QXWULHQW�FRQFHQWUDWLRQV��
6WDWLVWLFDO�VLJQLILFDQFH�IRU�3HDUVRQ�FRUUHODWLRQ�ZDV�GHWHUPLQHG�E\�SDLUZLVH�WZR�VLGHG�
FRPSDULVRQV��)XQJDO�DOSKD�GLYHUVLW\�ZDV�HVWLPDWHG�E\�ULFKQHVV��&KDR����DQG�GLYHUVLW\�
�6LPSVRQ��LQGH[HV��3DWWHUQV�LQ�(&0�IXQJDO�FRPPXQLW\�FRPSRVLWLRQ�ZHUH�DQDO\]HG�DQG�
YLVXDOL]HG�ZLWK�3ULQFLSDO�&RRUGLQDWHV�DQDO\VLV��3&R$��EDVHG�RQ�%UD\�&XUWLV�GLVWDQFH�
DW�WKH�278�OHYHO��3(50$129$�DQDO\VLV�ZLWK�S\WKRQ¶V�VFLNLW�ELR�SDFNDJH�RQ�%UD\�
&XUWLV� GLVVLPLODULW\�PDWULFHV�ZDV�SHUIRUPHG� WR� H[DPLQH�YDULDWLRQ� LQ� FRPSRVLWLRQ�RI�
(F0)�ZLWK�UHVSHFW�WR�FR�LQWURGXFHG�/'�DQG�KRVW�LQWHUDFWLRQV��7KH�VKDUHG�RU�XQLTXH�
IXQJDO�278�QXPEHUV��DPRQJ�VRLO�RU�URRWV�RI�GLIIHUHQW�KRVWV��ZHUH�FDOFXODWHG�EDVHG�RQ�
WKH�278�DEXQGDQFH�PDWUL[�XVLQJ��Q9HQQ5��SDFNDJH�LQ�5�VRIWZDUH��$�VLJQLILFDQFH�Į�
OHYHO�RI������ZDV�DSSOLHG��  

7KH�UHODWLYH�FRQWULEXWLRQ�RI�HDFK�(F0)�JURXS�WR�FRPPXQLW\�HQ]\PH�DFWLYLW\�LQ�
HDFK�SRW�ZDV�FDOFXODWHG�XVLQJ� WKH� IROORZLQJ�IRUPXOD��$FWLYLW\�RI�(F0)�JURXS�� WRWDO�
DFWLYLW\�RI�(F0)�FRPPXQLW\�SHU�VHHGOLQJ��3HDUVRQ�FRUUHODWLRQ�DQDO\VLV�ZDV�SHUIRUPHG�
WR�H[DPLQH�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�HQ]\PH�DFWLYLW\�DQG�SODQW�WLVVXH�SDUDPHWHUV�RI�
ELRPDVV�SURGXFWLRQ�DQG�QXWULHQW�FRQFHQWUDWLRQV��  

 
5(68/76 
*URZWK�(IIHFW�RI�7UHHV�DQG�1HHGOH�1XWULHQW�&RQFHQWUDWLRQ�5HVSRQVHV 
:H�GLG�QRW�ILQG�DQ\�VLJQLILFDQW�GLIIHUHQFH��3!������LQ�SODQW�KHLJKW�LQFUHPHQW�EHWZHHQ�
35�/'� DQG� 35�� EXW� ERWK� ZHUH� VLJQLILFDQWO\� KLJKHU� WKDQ� 30� �3������� �7DEOH� ���
6XSSOHPHQWDU\�)LJXUH�����,QRFXODWLRQ�RI�35�WUHHV�VKRZHG�QR�VLJQLILFDQW�HIIHFWV�RQ�
QHHGOH�&��1��3��.��&D��)H��0Q�FRQFHQWUDWLRQV��HLWKHU��7DEOH����� � 1HHGOH�&��3��������3�
�3�������DQG�)H��3�������FRQFHQWUDWLRQV�RI�30�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKDW�RI�
35�RU�35�/'��EXW�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�1��.��&D��0Q�FRQFHQWUDWLRQV�DQG�ZDWHU�
FRQWHQW��,Q�DGGLWLRQ��RQH�\HDU�DIWHU�SODQWLQJ��WKH�VXUYLYDO�UDWH�ZDV�KLJKHVW�LQ�35�/'�
���������QH[W�ZDV�35�������DQG�ORZHVW�ZDV�30����������  
 

7$%/(���$YHUDJH�SODQW�KHLJKW��FP��RI�WUHHV�LQ�WKH�;LIHQJ�SODQWDWLRQ�HYHU\�VL[�PRQWKV� 
 Nov-2018 May-2019 Nov-2019 May-2020 Nov-2020 May-2021 

PR+LD (n=6) 45.80±12.07 a 76.80±21.32 a 103.80±23.94 a 140.00±26.84 a 162.80±32.17 a 203.4±45.97 a 

PR (n=6) 33.2±7.76 a 56.6±10.76 a 85.4±9.94 a 120.6±17.98 a 147.2±30.89 a 171±41.31 a 

PM (n=6) 12.2±1.30 b 32.3±11.17 b 40.2±8.98 b 81.4±15.95 b 91.4±16.82 b 117.8±12.64 b 

1RWH��'LIIHUHQFHV�LQ�ORZHUFDVH�OHWWHUV�DIWHU�WKH�VDPH�FROXPQ�RI�GDWD�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV� 
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),*85(�6��7UHHV¶�DYHUDJH�KHLJKW�LQ�HYHU\�VL[�PRQWKV�LQ�;LIHQJ�SODQWDWLRQ��7���1RY�������7���
0D\�������7���1RY�������7���0D\�������7���1RY�������7���0D\����� 

 
7$%/(���1HHGOH�QXWULHQW�FRQFHQWUDWLRQV�RI�WUHHV�LQ�WKH�;LIHQJ�SODQWDWLRQ��
'DWD�UHSUHVHQWV�PHDQ�ZLWK�WKH�VWDQGDUG�HUURU�LQ�SDUHQWKHVHV 

 PR+LD (n=6) PR (n=6) PM (n=6) 

Water (%) 53.43 (2.01) 54.05 (2.99) 52.14 (3.09) 

C (%) 49.72 (0.41) b 49.32 (0.41) b 50.22 (0.48) a 

N (%) 1.42 (0.14) 1.36 (0.11) 1.56 (0.27) 

Total P (mg g-1) 1.12 (0.05) b 1.02 (0.19) b 1.20 (0.08) a 

Total K (mg g-1) 5.16 (0.82) 4.14 (1.39) 3.8 (0.77) 

Total Ca (mg g-1) 2.11 (0.95) 2.28 (0.99) 1.38 (0.39) 

Total Fe (mg g-1) 0.25 (0.07) b 0.28 (0.033) b 0.34 (0.03) a 

Total Mn (mg g-1) 0.23 (0.03) 0.25 (0.05) 0.32 (0.15) 

1RWH��'LIIHUHQFHV�LQ�ORZHUFDVH�OHWWHUV�DIWHU�WKH�VDPH�FROXPQ�RI�GDWD�LQGLFDWH�VLJQLILFDQW�

GLIIHUHQFHV� 

 
)XQJDO�&RPPXQLW\�LQ�0\FRUUKL]RVSKHUH�VRLO��5KL]RVSKHUH�6RLO�DQG�5RRWV 
����35�/'�DQG�35 
,Q� P\FRUUKL]RVSKHUH� DQG� UKL]RVSKHUH� VRLO�� IXQJDO� FRPPXQLW\� DQDO\VLV� LQGLFDWHG�
VLJQLILFDQW� GLIIHUHQFHV� LQ� ȕ�GLYHUVLW\� �GLVVLPLODULW\� GLVWDQFH�� )LJXUH� �%�� EXW� QRW� LQ�
&KDR��DQG�6LPSVRQ�LQGH[��Į�GLYHUVLW\��)LJXUH��$���EHWZHHQ�35�/'�DQG�35�WUHHV�LQ�
WKH�;LIHQJ�SODQWDWLRQ��7KHVH�WZR�JURXSV�ZHUH�FOHDUO\�GHILQHG�E\�WKH�3&R$��)LJXUH��'���
$ERXW�������278V�RI������WRWDO�278V�ZHUH�VKDUHG�E\�ERWK�WUHHV��)LJXUH��&���)XQJDO�
VSHFLHV� ZLWK� UHODWLYH� DEXQGDQFH� LQ� WKH� WRS� ��� LQFOXGHG� (F0)�� SODQW� SDWKRJHQV��
VDSURSK\WLF�DQG�HQGRSK\WLF�IXQJDO�VSHFLHV��)LJXUH��(���6XLOOXV�JHQXV�IURP�(F0)��ZDV�
FRPPRQ�DQG�GRPLQDWHG�LQ�VRLO��������RI�35�/'��������RI�35���$PRQJ�RI�WKH�JHQXV��
6XLOOXV�SODFLGXV�KDV�WKH�KLJKHVW�UHODWLYH�DEXQGDQFH�DQG�VLJQLILFDQWO\�KLJKHU�WKDQ�RWKHU�
6XLOOXV� VSHFLHV�� %DVHG� RQ� 6SHFLHV� +\SRWKHVHV� �6+�� LQ� WKH� 81,7(� GDWDEDVH�
�KWWSV���XQLWH�XW�HH��� 278B����� �6XLOOXV� SODFLGXV�� ZDV� FODVVLILHG� DV� FRVPRSROLWDQ�
VSHFLHV� DQG� XVXDOO\� IRUPHG� HFWRP\FRUUKL]DV�ZLWK� 3LQXV� �6XSSOHPHQWDU\�7DEOH� ����
7RWDO� ��� GHWHFWHG� 278V� IURP� P\FRUUKL]RVSKHUH� DQG� UKL]RVSKHUH� VRLO� ZHUH� (F0)�

https://unite.ut.ee/
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VSHFLHV��EXW�DOO�RI�WKHP�ZHUH�GHWHFWHG�ZLWK�ORZ�UHODWLYH�DEXQGDQFH�H[FHSW�6XLOOXV�VSS��
�)LJXUH���� 
 

7$%/(�6��/LVW�RI�(F0)�GHWHFWHG�IURP�P\FRUUKL]RVSKHUH�RI�3LQXV�UDGLDWD��35�/'��DQG�UKL]RVSKHUH�RI�3��UDGLDWD�
�35��DQG�3��PDVVRQLDQD��30��LQ�WKH�;LIHQJ�SODQWDWLRQ��DORQJ�ZLWK�WKH�SUHVXPHG�GLVWULEXWLRQ�DQG�KRVWV� 

Speices OTU_ID Species hypothesis ID 

taxa 

Host tree Sampling area Host trees 

Amanita 

pseudovaginata  

OTU_9129 SH1611351.08FU PR+LD, PR, PM China, Pakistan No information 

Geastrum triplex OTU_640 SH1555997.08FU PM Canada, Japan, Korea No information 

Hygrocybe 

nigrescens 

OTU_1179 SH1512923.08FU PR+LD, PR, PM Canada No information 

Lyophyllum decastes OTU_2848 SH1588949.08FU PR Asia, Europe, North America, 

South America, Oceania 
 

No information 

Russula brevipes OTU _12341 SH1509932.08FU PR+LD China, Japan, Korea No information 

Russula cerolens OTU_12131 SH1569811.08FU PR, PM China No information 

Russula compacta OTU_7715 SH1546768.08FU PM Asia, Oceania Cymbidium, 

Lecanorchi Pinus 

Russula cyanoxantha OTU_13484 SH1567120.08FU PM, PR Asia, Europe, South America Carya, Corylus, 

Fagus, Picea, 

Pinus, Quercus 

Russula nauseosa OTU_3422 SH1625349.08FU PR+LD, PR, PM Asia, Europe, North America, 

South America 

Alnus, Pinus, 

Pseudotsuga, Larix 

Russula sp1 OTU_3845 SH1569729.08FU PM Asia Cephalanthera 

Russula sp2 OTU_7861 SH1633484.08FU PR China, Thailand Aphyllorchis 

Russula vesca OTU _1657 SH1633421.08FU PR+LD, PR Asia, Europe, North America, 

Oceania 

Lecanorchis, 

Fagus, Pinus, 

Quercus 

Scleroderma albidum OTU_9625 SH1544059.08FU PR+LD Africa, Asia, Europe, North 

America, Oceania  

Eucalyptus, Salix 

Scleroderma sp. OTU_11552 SH1526180.08FU PM Asia, Europe, Oceania Castanopsis, Larix, 

Pinus, Populus, 

Quercus 

Sistotrema 

brinkmannii 

OTU _4850 SH1514167.08FU PR Africa, Antarctica, Asia, North 

America, South America, 

Oceania 

Pinus 

 

Sistotrema coronilla OTU _10356 SH1506095.08FU PR+LD Europe, North America, 

Oceania  

Quercus 

Suillus collinitus OTU _5689 SH1555181.08FU PR+LD, PM Africa, Asia, Europe, Oceania Pinus 

 

Suillus placidus OTU _3575 SH1555178.08FU PR+LD, PR, PM Africa, Asia, Europe, North 

America, Oceania 
 

Pinus 

Suillus luteus OTU_9078 SH1555172.08FU PR, PM Asia, Europe, North America, 

South America, Oceania 

Pinus 

https://unite.ut.ee/bl_forw.php?id=856253
https://unite.ut.ee/bl_forw.php?id=856253
https://unite.ut.ee/sh/SH1555997.08FU
https://unite.ut.ee/sh/SH1588949.08FU
https://unite.ut.ee/sh/SH1509932.08FU
https://unite.ut.ee/sh/SH1569811.08FU
https://unite.ut.ee/sh/SH1546768.08FU
https://unite.ut.ee/sh/SH1567120.08FU
https://unite.ut.ee/bl_forw.php?id=2957772
https://unite.ut.ee/sh/SH1625349.08FU
https://unite.ut.ee/sh/SH1569729.08FU
https://unite.ut.ee/sh/SH1633484.08FU
https://unite.ut.ee/sh/SH1633421.08FU
https://unite.ut.ee/sh/SH1544059.08FU
https://unite.ut.ee/sh/SH1526180.08FU
https://unite.ut.ee/sh/SH1555178.08FU
https://unite.ut.ee/sh/SH1555172.08FU
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Tomentella pilosa OTU_4969 SH1528407.08FU PR Asia, Europe, North America Castanea, Cistus, 

Fagus, Picea, 

Populus, Quercus, 

Tilia 

Tuber indicum OTU_14388 SH1563426.08FU PR, PM China, Spain Quercus 

Tuber 

pseudohimalayense 

OTU_4250 SH1514135.08FU PM China No information 

 
,Q�VRLO�RI�35�/'��/DFWDULXV�GHOLFLRVXV���������ZDV�GRPLQDWLQJ�EXW�VKRZHG�QR�

VLJQLILFDQW� GLIIHUHQFH� ZLWK� WKH� UHODWLYH� DEXQGDQFH� RI� 6�� SODFLGXV� �3�  � �������� 7KH�
3HDUVRQ� FRUUHODWLRQ� DQDO\VLV� UHYHDOHG� VLJQLILFDQW� FRUUHODWLRQV� EHWZHHQ� WKH� UHODWLYH�
DEXQGDQFH�RI�/��GHOLFLRVXV�LQ�P\FRUUKL]RVSKHUH�VRLO�DQG�QLWURJHQ�DFTXLVLWLRQ�RI�QHHGOHV�
RI� 35� �U�  � ������ 3�  � ������� Q�  � ����� ,Q� HFWRP\FRUUKL]DO� WLSV� RI� 35�/'�� IXQJDO�
FRPPXQLW\�DQDO\VLV�LQGLFDWHG�WKDW�/'�ZDV�GRPLQDWLQJ���������LQ�WLSV��ZKLOH����RI�6��
SODFLGXV� �278B������ ZDV� DOVR� FRORQL]LQJ� WLSV�� ,Q� URRW� WLSV� RI� 35�� WKH� UHODWLYH�
DEXQGDQFH� RI� 6�� SODFLGXV� �278B������ DQG� 6�� SVHXGREUHYLSHV� �278B������ ZHUH�
VLJQLILFDQWO\�JUHDWHU�WKDQ�WKDW�RI�RWKHU�(F0)� 
����35�DQG�30�  
)XQJDO�FRPPXQLW\�DQDO\VLV�LQGLFDWHG�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�Į�GLYHUVLW\�DQG�ȕ�
GLYHUVLW\��)LJXUH��$��%��'��EHWZHHQ�35�DQG�30��$�WRWDO�RI������278V�ZHUH�GLVSOD\HG�
DQG� DERXW� �������278V�ZHUH� VKDUHG�E\�ERWK� WUHHV� �)LJXUH��&���6XLOOXV� JHQXV�ZDV�
FRPPRQ� LQ� VRLO� �������� �)LJXUH��(�� DQG� URRW� WLSV� ��������RI�30��ZKLFK� LQFOXGHG�
6XLOOXV�278B������278B�����DQG�278B������ ,Q� URRW� WLSV�RI�35��6XLOOXV� LQFOXGHG�
278B����� DQG� 278B������ 7KH� 3HDUVRQ� FRUUHODWLRQ� DQDO\VLV� UHYHDOHG� VLJQLILFDQW�
FRUUHODWLRQV�EHWZHHQ�WKH�UHODWLYH�DEXQGDQFH�RI�6XLOOXV�DQG�PDQJDQHVH�DFTXLVLWLRQ�RI�
QHHGOHV�LQ�30��U� �������3� ��������Q� ������$�WRWDO�RI�WKH����RI�WKH�GHWHFWHG�278V�IURP�
WKH�UKL]RVSKHUH�VRLO�ZHUH�(F0)�VSHFLHV��EXW�DOO�RI�WKHP�ZHUH�GHWHFWHG�ZLWK�ORZ�UHODWLYH�
DEXQGDQFH�H[FHSW�WKRVH�LQ�WKH�JHQXV�6XLOOXV��)LJXUH���� 
 

https://unite.ut.ee/sh/SH1528407.08FU
https://unite.ut.ee/sh/SH1563426.08FU
https://unite.ut.ee/sh/SH1514135.08FU
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),*85(���0\FRUUKL]RVSKHUH�DQG�UKL]RVSKHUH�IXQJDO�FRPPXQLW\�RI�35�/'�DQG�35�WUHHV�LQ�WKH�
;LIHQJ� SODQWDWLRQ�� �$��&KDR��DQG�6LPSVRQ� LQGH[HV�� �%��'LVVLPLODULW\� GLVWDQFH�� �&��9HQQ� ILJXUH�
VKRZLQJ�VKDUHG�DQG�XQLTXH�RSHUDWLRQDO�WD[RQRPLF�XQLWV��278V��EHWZHHQ�VDPSOHV�RI�WZR�WUHHV���'��
3ULQFLSDO�&RRUGLQDWH�DQDO\VLV��3&R$����(��5HODWLYH�DEXQGDQFH�RI�IXQJDO�FRPSRVLWLRQ�DW�WKH�VSHFLHV�
OHYHO� 
 
 
 
 
�  
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�  
),*85(���5KL]RVSKHUH�IXQJDO�FRPPXQLW\�RI�35�DQG�30�WUHHV�LQ�WKH�;LIHQJ�SODQWDWLRQ���$��&KDR��
DQG� 6LPSVRQ� LQGH[HV�� �%�� 'LVVLPLODULW\� GLVWDQFH�� �&�� 9HQQ� ILJXUH� VKRZLQJ� VKDUHG� DQG� XQLTXH�
RSHUDWLRQDO� WD[RQRPLF� XQLWV� �278V�� EHWZHHQ� VDPSOHV� RI� WZR� WUHHV�� �'�� 3ULQFLSDO� &RRUGLQDWH�
DQDO\VLV��3&R$����(��5HODWLYH�DEXQGDQFH�RI�IXQJDO�FRPSRVLWLRQ�DW�WKH�VSHFLHV�OHYHO��  

 
(F0)�&RPPXQLW\�&RPSRVLWLRQ�LQ�(DUO\�(VWDEOLVKPHQW 
35�DQG�30�VHHGV�JHUPLQDWHG�LQ�WKH�VRLO�IURP�;LIHQJ�SODQWDWLRQ�DIWHU�WKUHH�PRQWKV�DQG�
RQO\�WZR�30�VHHGOLQJV�IRUPHG�RQH�W\SH�P\FRUUKL]DH��DQG�LW�ZDV�LGHQWLILHG�DV�6XLOOXV�
VS�� E\� PROHFXODU� LGHQWLILFDWLRQ��$IWHU� VL[� PRQWKV�� 35� DQG� 30� IRUPHG� 6XLOOXV�OLNH�
P\FRUUKL]DH��)LJXUH��$��%���7KH�P\FRUUKL]DH�VDPSOHV�ZHUH�DOVR�LGHQWLILHG�DV�6XLOOXV�
VS���*HQ%DQN�1R��20�������DQG�20���������,OOXPLQD�VHTXHQFLQJ�GHWHFWHG�278V�DV�
6XLOOXV� SODFLGXV� �278B����� DQG� 278B������ �6XSSOHPHQWDU\� 7DEOH� ���� (F0)�
FRORQL]DWLRQ�UDWHV�RI�WKH�WZR�KRVWV�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH��7DEOH���� 

 
 



 

��� 
 

 
),*85(� �� +HDWPDS� RI� WKH� UHODWLYH� DEXQGDQFH� RI� HFWRP\FRUUKL]DO� IXQJL� 278V� DW� JHQXV� IURP�
P\FRUUKL]RVSKHUH�DQG�UKL]RVSKHUH�VRLO�RI�35�/'��35�DQG�30��DJJORPHUDWHG�WR�JHQXV�����3���������
��3�����������3��������� 

 

 
),*85(���%LRDVVD\�H[SHULPHQW�LQ�JUHHQKRXVH��$��0\FRUUKL]DO�URRW�WLSV�RI�35���%��0\FRUUKL]DO�
URRW�WLSV�RI�30���&��(Q]\PH�DFWLYLW\��SPRO�WLS���PLQ����&��DQG�$&3��QPRO�WLS���PLQ����SURILOHV�RI�
P\FRUUKL]DO� URRW� WLSV�� 35� VHHGOLQJV�UHG� OLQH�� 30� VHHGOLQJV�EOXH� OLQH�� $EEUHYLDWLRQV�� &��
FHOORELRK\GURODVH�� *&�ȕ�JOXFRVLGDVH�� *'�ȕ�JOXFXURQLGDVH�� /$&�ODFFDVH�� ;�ȕ�[\ORVLGDVH�� /(8�
OHXFLQH�DPLQRSHSWLGDVH��1$*�1�DFHW\OJOXFRVDPLQLGDVH��$&3�DFLG�SKRVSKDWDVH����3�����������3�
����������3��������� 
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7$%/(�6��278V�VKDUHG�E\�VLQJOH�URRW�WLSV�LQ�LGHQWLILFDWLRQ�DQG�,OOXPLQD�VHTXHQFLQJ�GDWD�LQ�WKH�JUHHQKRXVH�
ELRDVVD\�H[SHULPHQW� 

Species Best-fit of Illumina OTU Best-fit of GenBank SH Species origin 

Suillus placidus OTU_1487 MN258691 SH1555178.08FU China 

Suillus placidus OTU_4508 KU721182 SH1555181.08FU China 

 
7$%/(���0HDQ�OHYHOV�RI�VHHGOLQJ�YLJRU�VWDWXV�LQ�JUHHQKRXVH�ELRDVVD\�H[SHULPHQW��
'DWD�UHSUHVHQWV�PHDQ�ZLWK�WKH�VWDQGDUG�HUURU�LQ�SDUHQWKHVHV 

 PR + Suillus (n = 15) PM + Suillus (n = 15) 

Shoot biomass 0.48 (0.014) 0.19 (0.006) 

Root biomass 0.34 (0.004) 0.106 (0.009) 

Root tip number 243 (7.52) 229.20 (11.69) 

ECM colonization (%) 25.40 (3.26) 28.94 (1.89) 

C (mg g-1) 489.78 (13.51) 469.19 (4.38) 

N (mg g-1) 9.27 (0.51) 12.54 (0.79) * 

P (mg g-1) 7.20 (0.50) 8.20 (0.70) 

$VWHULVNV�LQGLFDWH�W�WHVWV�ZLWK�VLJQLILFDQFH�OHYHOV�DW�3���������3���������3�������� 

 
([RHQ]\PH�$FWLYLWLHV�RI�(FWRP\FRUUKL]D 
(LJKW� HQ]\PH� DFWLYLWLHV� RI� WLSV� LQGLFDWHG� D� FOHDU� VHSDUDWLRQ� RI� HQ]\PDWLF� IXQFWLRQV�
DVVRFLDWHG� ZLWK� WKH� WZR� KRVWV� �)LJXUH� �&�� 6XSSOHPHQWDU\� 7DEOH� ���� 6XLOOXV� VS��
DVVRFLDWHG�ZLWK�35�VHHGOLQJV�KDG�UHODWLYHO\�KLJKHU�&���*&��*'��/$&��/(8�DQG�$&3�
DFWLYLWLHV�WKDQ� WKRVH�RI�30�VHHGOLQJV��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFHV�RI�;�DQG�
1$*�DFWLYLWLHV�EHWZHHQ�WKH�WZR�KRVWV��7RWDO�HQ]\PH�DFWLYLW\�RI�35�ZDV�VLJQLILFDQWO\�
JUHDWHU�WKDQ�WKDW�RI�30��3���������  
7KH�(IIHFW�RI�([RHQ]\PH�$FWLYLWLHV�RQ�6HHGOLQJ�1XWULHQW�$FTXLVLWLRQ 
([WUDFHOOXODU� HQ]\PH� DFWLYLWLHV� VKRZHG� VLJQLILFDQW� HIIHFWV� RQ� VHHGOLQJ� ELRPDVV� DQG�
WLVVXH� QXWULHQW� FRQFHQWUDWLRQV� �6XSSOHPHQWDU\� 7DEOH� ���� 7KH� 3HDUVRQ� FRUUHODWLRQ�
DQDO\VLV�UHYHDOHG�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�/$&��1$*�DQG�$&3�DFWLYLW\�DQG�VKRRW�
ELRPDVV�RI�35�VHHGOLQJV��DQG�EHWZHHQ�/(8�DFWLYLW\�DQG�URRW�ELRPDVV�RI�35�VHHGOLQJV��
3�FRQWHQW�RI�35�WLVVXH�ZDV�DVVRFLDWHG�ZLWK�*'�HQ]\PH�DFWLYLW\��)RU�30�VHHGOLQJV��;�
HQ]\PH�DFWLYLW\�KDG�D�SRVLWLYH�FRUUHODWLRQ�ZLWK�&�FRQWHQW� 
 

7$%/(� 6��(LJKW� HQ]\PH� DFWLYLWLHV� RI�P\FRUUKL]DO� URRW� WLSV� RI� WZR� KRVWV� LQ� WKH�
JUHHQKRXVH�ELRDVVD\�H[SHULPHQW��  

  PR + Suillus (n=15) PM + Suillus (n=15) 

C11 (nmol mm-2 min-1) 0.19 (0.00045) *** 0.16 (0.0001) 

GC (pmol mm-2 min-1) 26.95 (0.009) *** 21.19 (0.93) 

GD (pmol mm-2 min-1) 4.03 (1.22) * 1.88 (0.1) 

LAC (pmol mm-2 min-1) 15.43 (1.77) ** 7.72 (0.02) 

X (pmol mm-2 min-1) 12.2 (0.076)  13.02 (0.72) 

LEU (pmol mm-2 min-1) 49.41 (1.86) *** 32.06 (0.9) 

NAG (pmol mm-2 min-1) 14.59 (1.06) 13.08 (0.59) 

ACP (nmol mm-2 min-1) 0.37 (0.02) ** 0.3 (0.02) 

http://www.ncbi.nlm.nih.gov/nuccore/MN258691
https://unite.ut.ee/sh/SH1555178.08FU
https://unite.ut.ee/sh/SH1555181.08FU
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�&�íFHOORELRK\GURODVH�� *&íȕ�JOXFRVLGDVH�� *'±ȕ�JOXFXURQLGDVH�� /$&±ODFFDVH�� ;±ȕ�[\ORVLGDVH�� /(8±OHXFLQH�

DPLQRSHSWLGDVH��1$*±1�DFHW\OJOXFRVDPLQLGDVH��$&3�±�DFLG�SKRVSKDWDVH��3� �VLJQLILFDQFH���3����������3���������

�3��������� 

 
7$%/(�6��7KH�3HDUVRQ�FRUUHODWLRQ�DQDO\VLV�EHWZHHQ�HLJKW�HQ]\PHV�DQG�VHHGOLQJ�YLJRU�VWDWXV� �3LQXV�UDGLDWD� VHHGOLQJ�1� �����3��
PDVVRQLDQD�VHHGOLQJ�1� �����3� �VLJQLILFDQFH��������LQ�EROG�� 
Host Variable C1 GC GD LAC X LEU NAG ACP 

PR 

Shoot biomass -0.542 

P=0.037 

0.041 

P=0.885 

-0.592 

P=0.02 

0.523 

P=0.045 

0.294 

P=0.288 

0.192 

P=0.439 

0.643 

P=0.01 

0.631 

P=0.012 

Root biomass -0.347 

P=0.205 

-0.207 

P=0.46 

-0.107 

P=0.705 

0.215 

P=0.441 

0.435 

P=0.105 

0.622 

P=0.013 

0.007 

P=0.979 

0.007 

P=0.982 

C 0.264 

P=0.342 

0.007 

P=0.98 

0.044 

P=0.876 

-0.009 

P=0.976 

-0.197 

P=0.483 

-0.065 

P=0.817 

-0.207 

P=0.459 

-0.146 

P=0.603 

N 0.352 

P=0.198 

0.286 

P=0.301 

0.201 

P=0.472 

-0.265 

P=0.339 

-0.390 

P=0.151 

-0.583 

P=0.022 

-0.069 

P=0.808 

-0.023 

P=0.934 

P 0.221 

P=0.429 

0.194 

P=0.489 

0.53 

P=0.042 

-0.306 

P=0.267 

-0.274 

P=0.322 

-0.417 

P=0.122 

0.137 

P=0.628 

0.148 

P=0.599 

PM 

Shoot biomass -0.037 

P=0.896 

-0.274 

P=0.324 

-0.415 

P=0.124 

-0.449 

P=0.093 

-0.23 

P=0.41 

-0.067 

P=0.812 

0.117 

P=0.677 

0.083 

P=0.769 

Root biomass -0.037 

P=0.997 

0.108 

P=0.702 

0.186 

P=0.507 

0.131 

P=0.643 

0.149 

P=0.595 

0.461 

P=0.084 

-0.129 

P=0.646 

0.234 

P=0.401 

C -0.172 

P=0.54 

0.209 

P=0.454 

0.374 

P=0.17 

-0.078 

P=0.782 

0.586 

P=0.022 

-0.041 

P=0.886 

-0.594 

P=0.019 

-0.254 

P=0.361 

N 0.209 

P=0.455 

0.013 

P=0.964 

-0.209 

P=0.456 

-0.015 

P=0.956 

0.243 

P=0.382 

-0.04 

P=0.887 

-0.08 

P=0.777 

0.247 

P=0.375 

P -0.388 

P=0.154 

0.26 

P=0.35 

0.334 

P=0.224 

-0.364 

P=0.182 

-0.088 

P=0.755 

0.017 

P=0.952 

-0.067 

P=0.811 

0.096 

P=0.733 

 
',6&866,21 
,Q�WKLV�VWXG\��ZH�IRXQG�QR�HIIHFWV�RI�FR�LQWURGXFHG�/DFWDULXV�GHOLFLRVXV�RQ�SODQW�JURZWK�
DQG�QXWULHQW�DFTXLVLWLRQ�RI�H[RWLF�35�LQ�WKH�;LIHQJ�SODQWDWLRQ��/'�KDG�DOVR�QR�HIIHFWV�
RQ� UKL]RVSKHUH� IXQJDO� ULFKQHVV� RU� GLYHUVLW\�� EXW� VLJQLILFDQWO\� DOWHUHG� LWV� IXQJDO�
FRPSRVLWLRQ��&RPSDUHG�ZLWK� WKH�QDWLYH�30�SLQHV� LQ� WKH�SODQWDWLRQ�� H[RWLF�35�SLQHV�
VKRZHG�QR�GLIIHUHQFH�LQ�UKL]RVSKHUH�DQG�URRW�IXQJDO�FRPPXQLWLHV�EXW�KDG�KLJKHU�WRWDO�
(F0)� HQ]\PDWLF� DFWLYLW\� WKDQ� 30� SLQHV��$OO� SODQW� VSHFLHV�ZHUH�ZHOO� FRORQL]HG� E\�
QDWLYH�(F0)�6XLOOXV�VS���DQG�FR�LQWURGXFHG�/'�ZDV�QRW�UHSODFHG�E\�ORFDO�(F0)�IRU�WKH�
PRPHQW��  
$GRSWHG�6WUDWHJ\�IRU�(VWDEOLVKPHQW�RI�([RWLF�3LQXV�UDGLDWD�LQ�1HZ�6LWH 
,Q�WKH�SODQWDWLRQ��FR�LQWURGXFHG�/'�GRPLQDWHG�LQ�WKH�P\FRUUKL]RVSKHUH�RI�35�/'�WUHHV�
DQG�KLJK�UHODWLYH�DEXQGDQFH�RI�/'�KDG�SRVLWLYH�FRUUHODWLRQ�ZLWK�QLWURJHQ�DFTXLVLWLRQ�RI�
QHHGOHV�RI�35��,Q�DGGLWLRQ��LW�ZDV�HDV\�WR�ILQG�/'�HFWRP\FRUUKL]DV�DURXQG�35�/'�WUHHV�
�)LJXUH��&��DQG�/'�IUXLWLQJ�ERGLHV�ZHUH�FROOHFWHG� LQ���������� IUXLWLQJ�ERGLHV��DQG�
���������IUXLWLQJ�ERGLHV���:KLOVW�D�(F0)�6XLOOXV�VS��IRUPHG�IDPLOLDU�DVVRFLDWLRQ�ZLWK�
H[RWLF�35�DQG�WKH�P\FRUUKL]DV�FRQWULEXWHG�UHODWLYHO\�KLJKHU�H[WUDFHOOXODU�HQ]\PH�WKDQ�
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30�6XLOOXV� P\FRUUKL]D�� 1R� VLJQLILFDQW� GLIIHUHQFH� RQ� SODQW� JURZWK� DQG� QXWULHQW�
DFTXLVLWLRQ�EHWZHHQ�35�/'�DQG�35�LQGLFDWHG�WKDW�HLWKHU�FR�LQWURGXFHG�/'�RU�IDPLOLDU�
DVVRFLDWLRQ�ZLWK�ORFDO�(F0)�KHOS�35�HVWDEOLVK��  

9ON�HW�DO�������D��SURSRVHG�WKDW�WKH�VKDUH�RI�VWUDWHJLHV�WKDW�DOLHQ�3LQDFHDH�VSHFLHV�
DGRSWHG� WR� HVWDEOLVK� (F0)� SDUWQHUVKLS� LQ� QHZ� DUHDV� GLIIHUHG� JUHDWO\� DPRQJ�
ELRJHRJUDSKLF� UHJLRQV��([RWLF�3LQDFHDH�ZHUH� DOPRVW�H[FOXVLYHO\�DVVRFLDWHG�ZLWK�FR�
LQWURGXFHG�(F0)� LQ� DUHDV�ZLWKRXW� QDWLYH�3LQDFHDH� �H�J���$IULFD��2FHDQLD� DQG�6RXWK�
$PHULFD��ZKHUHDV�IDPLOLDU�RU�QRYHO�DVVRFLDWLRQ�ZLWK�QDWLYH�(F0)�SUHYDLOHG�LQ�UHJLRQV�
ZKHUH� RWKHU� 3LQDFHDH� IDPLO\� PHPEHUV� QDWXUDOO\� RFFXU�� ,Q�$VLD�� RQO\� YHU\� IHZ� FR�
LQWURGXFHG�(F0)�DVVRFLDWHG�ZLWK�H[RWLF�3LQDFHDH�DUH�IRXQG�LQ�QHZ�DUHDV�ZKHUH�RWKHU�
3LQDFHDH� VSHFLHV� QDWXUDOO\� RFFXU�� ,Q� RXU� VWXG\�� WKH� ;LIHQJ� SODQWDWLRQ� LV� DERXW� RQH�
NLORPHWHU�DZD\�IURP�QDWLYH�30�IRUHVWV�DQG�LW�ZDV�XVHG�IRU�SODQWLQJ�FURSV�IRU�D�ORQJ�
WLPH��7KH�VRLO� VSRUH�EDQNV�PD\�EH� OLPLWHG��EXW�ZH�VWLOO� IRXQG�6XLOOXV�VSS��ZLWK�KLJK�
UHODWLYH�DEXQGDQFH�LQ�VRLO��ZKLFK�LV�OLNHO\�WR�FRPH�IURP�H[WHQVLYH�DQG�ORQJ�OLYHG�VRLO�
VSRUH�EDQNV�RI�UHVLVWDQW�SURSDJXOHV�RU�QDWLYH�30�IRUHVWV�E\�VSRUH�GLVSHUVDO��3HD\�HW�DO���
�������  
3HUVLVWHQFH�RI�/DFWDULXV�GHOLFLRVXV�LQ�D�1HZ�6LWH 
/'�SHUVLVWHG�LQ�P\FRUUKL]RVSKHUH�VRLO�ZLWK�KLJK�UHODWLYH�DEXQGDQFH�DQG�/'�IUXLWLQJ�
ERGLHV� KDYH� EHHQ� SURGXFLQJ� IRU� WZR� \HDUV� LQ� WKH� ;LIHQJ� SODQWDWLRQ��$Q� LQWURGXFHG�
VSHFLHV�KDV�WKH�SRWHQWLDO�WR�UHDFK�DQ\�RI�IRXU�VWDJHV��WUDQVSRUW��HVWDEOLVKPHQW��VSUHDG��
DQG� LPSDFW� �/RFNZRRG�HW� DO����������9HOOLQJD�HW�DO� �������JURXSHG�IXQJDO� H[DPSOHV�
IURP�WKH�OLWHUDWXUH�LQWR�ILYH�GLIIHUHQW�RXWFRPHV������IDLO�WR�HVWDEOLVK������EH�UHSODFHG�E\�
ORFDO�IXQJL������SHUVLVW�ZLWK�LQWURGXFHG�WUHHV�EXW�IDLO�WR�JURZ�ZLWK�ORFDO�KRVWV������SHUVLVW�
ZLWK�LQWURGXFHG� WUHHV�DQG�VSUHDG�WR�ORFDO�KRVWV��RU�����IDLO�WR�SHUVLVW�ZLWK�LQWURGXFHG�
WUHHV�EXW�QRQHWKHOHVV�VSUHDG�WR�ORFDO�KRVWV��2XU�VWXG\�VR�IDU�GHPRQVWUDWHG�WKDW�/'�PD\�
SHUVLVW�ZLWK�LQWURGXFHG�35�DQG�QDWXUDOL]H�RXWVLGH�WKH�QDWLYH�UDQJH�DQG�ZH�GLGQ¶W�ILQG�
/'�JURZ�ZLWK�ORFDO�30�WUHHV�IRU�WKH�PRPHQW��  
,QWHUDFWLRQ�(IIHFWV�%HWZHHQ�/RFDO�(F0)�&RPPXQLWLHV�DQG�+RVWV� �  
:H� IRXQG� WKDW� 6XLOOXV� VSS�� ZLWK� KLJK� UHODWLYH� DEXQGDQFH� ZDV� GHWHFWHG� LQ� WKH�
P\FRUUKL]RVSKHUH� DQG� UKL]RVSKHUH� VRLO� LQ� WKH� ;LIHQJ� SODQWDWLRQ�� )UXLWLQJ� ERGLHV� RI�
6XLOOXV�ZHUH� FROOHFWHG� DURXQG�35� WUHHV� �)LJXUH��*���6XLOOXV� RU�5KL]RSRJRQ� VSHFLHV�
VKRZHG�KRVW�VSHFLILFLW\�WR�WKH�3LQDFHDH��$VKNDQQHMKDG�DQG�+RUWRQ��������&ROOLHU�DQG�
%LGDUWRQGR�� ������ 1XQH]� HW� DO��� ������ DQG� ZHUH� DPRQJ� WKH� HDUOLHVW� FRORQL]HUV� RI�
LVRODWHG� VHHGOLQJV� �3HD\� HW� DO��� ������� ,Q� WKH� JUHHQKRXVH� H[SHULPHQW�� 35� DQG� 30�
VHHGOLQJV� ZHUH� ERWK� ZHOO�FRORQL]HG� E\� 6XLOOXV� VSS�� DIWHU� ��PRQWKV�� 6XLOOXV� RQ� 35�
VKRZHG�UHODWLYHO\�KLJKHU�DFWLYLW\�ZLWK�FHOOXODVHV��KHPLFHOOXODVHV��ȕ�JOXFRVLGDVH��3��DQG�
1��FRQWDLQLQJ�RUJDQLF�FRPSRXQGV�DQG�R[LGDWLYH�HQ]\PH��ZKLFK�KDG�VLJQLILFDQW�SRVLWLYH�
FRUUHODWLRQ�ZLWK�VKRRW�ELRPDVV��URRW�ELRPDVV�DQG�SKRVSKRUXV�FRQWHQW�RI�35��  

1LQJ�HW�DO��������SURSRVHG�WKDW�FDXWLRQ�VKRXOG�EH�WDNHQ�LQ�WKH�XVH�RI�H[RWLF�KRVWV�
LQ�DIIRUHVWDWLRQ�SURFHVV�EHFDXVH�RI�WKH�SRWHQWLDO�VKLIW�RI�DVVHPEOHG�(F0)�FRPPXQLW\�
XQGHU� H[RWLF� WUHHV� PD\� DOWHU� EHORZ� JURXQG� IXQFWLRQDO� FDSDELOLWLHV� DQG� V\PELRVLV�
PHGLDWHG� VXFFHVVLRQDO� WUDMHFWRULHV��+RZHYHU��ZH� IRXQG� WKH� VDPH�(F0)� FRPPXQLW\�
DVVHPEOH�SDWWHUQV�LQ�RXU�H[RWLF�DQG�QDWLYH�SLQH�KRVWV�LQ�WKH�HDUO\�VWDJH��ERWK�35�DQG�
30�VHHGOLQJV�ZHUH�ZHOO�FRORQL]HG�E\�6XLOOXV�VS���$QG�LQ�SODQWDWLRQ��IXQJDO�DQG�EDFWHULDO�
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ULFKQHVV��GLYHUVLW\�DQG�FRPSRVLWLRQ�LQ�UKL]RVSKHUH�RU�URRWV�ZHUH�QRW�GLIIHUHQW�EHWZHHQ�
35�DQG�30��6XSSOHPHQWDU\�)LJXUH���D��E���,Q�RXU�H[SHULPHQW�ZH�FRXOG�QRW�GHWHFW�DQ\�
VKLIW�RI�WKH�ORFDO�(F0)�FRPPXQLW\�DQG�KRVW�LGHQWLW\�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�(F0)�
FRPPXQLWLHV��+HUH�ZH� VXJJHVW� WKDW� 35� LV� D� VXLWDEOH� SLQH� VSHFLHV� IRU� UHVWRUDWLRQ� RI�
GHJUDGHG�ODQGV�LQ�;LIHQJ� 

3HD\�HW�DO��������SURSRVHG�WKDW�LQ�D�QRQLQYDVLYH�FRQWH[W��VXLOORLG�IXQJL�RIWHQ�DFW�
DV� HDUO\� VXFFHVVLRQDO� VSHFLHV� DEOH� WR� FRORQL]H�SLQH� VHHGOLQJV�� EXW� WKH\�PD\�EH� ODWHU�
GLVSODFHG� E\� ODWH�VXFFHVVLRQDO� IXQJL�� 2XU� FXUUHQW� VWXG\� ZDV� EDVHG� RQ� D� ��\HDU� ROG�
SODQWDWLRQ��VR�ORQJ�WHUP�PRQLWRULQJ�LV�QHHGHG�IRU�EHWWHU�XQGHUVWDQGLQJ�WKH�SHUVLVWHQFH�
RI�/DFWDULXV�DQG�SRVVLEOH�VKLIWV�RI�VRLO�(F0)�FRPPXQLWLHV� 

 

 
),*85(�6��D�5KL]RVSKHUH�EDFWHULDO�FRPPXQLW\�RI�35�DQG�30�WUHHV�LQ�WKH�;LIHQJ�SODQWDWLRQ��E�%DFWHULDO�FRPPXQLW\�RI�
URRWV�RI�35�DQG�30�WUHHV�LQ�WKH�;LIHQJ�SODQWDWLRQ���$��&KDR��DQG�6LPSVRQ�LQGH[HV���%��'LVVLPLODULW\�GLVWDQFH���&��9HQQ�
ILJXUH� VKRZLQJ� VKDUHG� DQG� XQLTXH� RSHUDWLRQDO� WD[RQRPLF� XQLWV� �278V�� EHWZHHQ� VDPSOHV� RI� WZR� WUHHV�� �'�� 3ULQFLSDO�
&RRUGLQDWH�DQDO\VLV��3&R$����(��5HODWLYH�DEXQGDQFH�RI�IXQJDO�FRPSRVLWLRQ�DW�WKH�JHQHUD�OHYHO� 

 
&R�LQWURGXFHG�/DFWDULXV�$OWHUHG�0\FRUUKL]RVSKHUH�)XQJDO�&RPPXQLWLHV�  
/DVW�EXW�QRW�OHDVW��FR�LQWURGXFHG�/'�VLJQLILFDQWO\�DOWHUHG�WKH�P\FRUUKL]RVSKHUH�IXQJDO�
FRPSRVLWLRQ�LQ�WKH�;LIHQJ�SODQWDWLRQ��([WUDUDGLFDO�P\FHOLXP�H[SDQVLRQ�RI�LQRFXODWHG�
/'�LQ�WKH�VRLO�PD\�FRPSHWH�IRU�QXWULHQWV�DQG�SURGXFH�VHFRQGDU\�PHWDEROLWHV�WKDW�DIIHFW�
PLFUREH� FRPPXQLW\� FRPSRVLWLRQ� RI� WKH� P\FRUUKL]RVSKHUH� �)UDQVVRQ� �������
&RPSRVLWLRQ�RI�(F0)�FRPPXQLWLHV�PD\�ODUJHO\�DIIHFW�HFRV\VWHP�SURFHVVHV��VXFK�DV�
FDUERQ��&KDSHOD�HW�DO���������RU�QXWULHQW��5HDG�HW�DO���������&OHPPHQVHQ�HW�DO���������
F\FOLQJ��,W�LV�VWLOO�QHHGHG� WR�IXUWKHU�YHULI\�ZKHWKHU�WKH�FKDQJHV�LQ�IXQJDO�FRPPXQLW\�
FRPSRVLWLRQ�LQIOXHQFH�QXWULHQW�F\FOLQJ�LQ�ORFDO�VRLOV�DQG�QXWULHQW�XSWDNH�RI�H[RWLF�35�
DV�ZHOO�DV�/'¶V�FDSDFLW\�WR�H[SDQG�LQWR�WKH�QDWLYH�IRUHVWV�EHFRPLQJ�DQ�LQYDVLYH�VSHFLHV��  
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&21&/86,21 
7KLV�VWXG\�DQDO\]HG�WKH�LQWHUDFWLRQ�HIIHFW�RI�(F0)��LQFOXGLQJ�FR�LQWURGXFHG�/DFWDULXV�
GHOLFLRVXV�DQG�ORFDO�(F0)�FRPPXQLWLHV��RQ�WKH�HVWDEOLVKPHQW�RI�H[RWLF�3LQXV�UDGLDWD�
VHHGOLQJV�LQ�*XL]KRX��VRXWKZHVW�&KLQD��7KH�SUHVHQW�UHVXOWV�UHYHDOHG�WKDW�LQWURGXFHG�3��
UDGLDWD� VHHGOLQJV� FRXOG� EH� VXFFHVVIXOO\� HVWDEOLVKHG� LQ� WKLV� QHZ� KDELWDW� E\� FR�
LQWURGXFLQJ�/��GHOLFLRVXV�RU�E\�OHWWLQJ�WKHP�IRUP�IDPLOLDU�DVVRFLDWLRQV�ZLWK�ORFDO�(F0)��
&R�LQWURGXFHG�/��GHOLFLRVXV�SHUVLVWHG�LQ�WKH�;LIHQJ�SODQWDWLRQ�DIWHU���\HDUV�DQG�ZDV�QRW�
UHSODFHG�E\�ORFDO�(F0)��6RPH�FRVPRSROLWDQ�VSHFLHV�IURP�6XLOOXV�JHQXV�DUH�FRPPRQ�
LQ� UKL]RVSKHUH� VRLO� DQG� URRW� WLSV��$Q� (F0)�� 6XLOOXV� VS�� LQ� WKH� ORFDO� KDELWDW� IRUPHG�
IDPLOLDU�DVVRFLDWLRQ�ZLWK�3��UDGLDWD�DQG�ZH�GLG�QRW�REVHUYH�DQ\�VKLIW�RI�(F0)�GXULQJ�
HDUO\� HVWDEOLVKPHQW� RI�3�� UDGLDWD��+RVW� LGHQWLW\� KDG�QR� HIIHFW� RQ� IXQJDO� FRPPXQLW\�
FRPSRVLWLRQ� VLQFH� 3�� UDGLDWD� DQG� QDWLYH� 3�� PDVVRQLDQD� UHFUXLWHG� VLPLODU� (F0)�
FRPPXQLWLHV�� %XW� /�� GHOLFLRVXV� SUH�FRORQL]DWLRQ� VLJQLILFDQWO\� DOWHUHG� WKH�
P\FRUUKL]RVSKHUH�IXQJDO�FRPSRVLWLRQ��2XU�VWXG\�VXJJHVWV�WKDW�LW�LV�SRVVLEOH�WR�HVWDEOLVK�
H[RWLF�3��UDGLDWD�SODQWDWLRQV�LQ�;LIHQJ�DQG�SURYLGHV�LQVLJKWV�LQWR�D�EHWWHU�XQGHUVWDQGLQJ�
RI�WKH�LQWHUDFWLRQ�HIIHFWV�EHWZHHQ�FR�LQWURGXFHG�ORFDO�(F0)�DQG�DQ�H[RWLF�SLQH�VSHFLHV��
0RUHRYHU�� D� ORQJ�WHUP VWXG\� VKRXOG� EH� FRQGXFWHG� WR� PRQLWRU� WKH� ORFDO� (F0)�
FRPPXQLW\�FKDQJHV�LQGXFHG�E\�WKH�LQWURGXFHG�/��GHOLFLRVXV� 
 
)81',1* 
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�)XQG�RI�<XQQDQ�.H\�/DERUDWRU\�IRU�)XQJDO�'LYHUVLW\�
DQG�*UHHQ�'HYHORSPHQW��1R��(��$�����������7KH�1DWLRQDO�6FLHQFHV�)RXQGDWLRQ�RI�
&KLQD� �1R�� ����������� WKH� <XQQDQ� .H\� 3URMHFW� RI� 6FLHQFH� DQG� 7HFKQRORJ\�
�������$(�������� 
 
$87+25�&2175,%87,216 
5:��FRQGXFWHG�WKH�H[SHULPHQW��DQDO\]HG�WKH�GDWD��DQG�SUHSDUHG�KH�PDQXVFULSW��</:��
FRQGXFWHG� WKH� H[SHULPHQW�� DQDO\]HG� WKH� GDWD� DQG� FRQWULEXWHG� WKH�PDQXVFULSW��$*/��
FRQWULEXWHG�WR�IXQJDO�PDWHULDOV�DQG�UHYLVHG�WKH�PDQXVFULSW��3=��FROOHFWHG�H[SHULPHQWDO�
PDWHULDOV�DQG�FRQGXFWHG�WKH�H[SHULPHQW��&&��JXLGHG�LQ�WKH�H[SHULPHQW�SODQ�DQG�UHYLVHG�
WKH�PDQXVFULSW��)4<��VXSHUYLVHG� WKH�UHVHDUFK�DQG�HGLWHG� WKH�PDQXVFULSW��$OO�DXWKRUV�
FRQWULEXWHG�WR�WKH�DUWLFOH�DQG�DSSURYHG� 
 
$&.12:/('*0(176 
:H�DUH�JUDWHIXO�WR�;LQKXD�+H�IRU�FRQVWUXFWLYH�FRPPHQWV�WKDW�LPSURYHG�WKH�TXDOLW\�RI�
WKH�PDQXVFULSW��  
 
&21)/,&7�2)�,17(5(67 
7KH�DXWKRUV�GHFODUH�WKDW�WKH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�DEVHQFH�RI�DQ\�FRPPHUFLDO�
RU�ILQDQFLDO�UHODWLRQVKLSV�WKDW�FRXOG�EH�FRQVWUXHG�DV�D�SRWHQWLDO�FRQIOLFW�RI�LQWHUHVW� 
5HIHUHQFHV 
$OOHQ��0��)����������7KH�HFRORJ\�RI�P\FRUUKL]DH��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�

3UHVV� 
$JHUHU� 5�� ������������� &RORXU� DWODV� RI� HFWRP\FRUUKL]DH�� �±��WK� GHOLYHU\��

(LQKRUQ� 6FKZlELVFK�*P�QG��  
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��� 
 

$JHUHU� 5� ������� &KDUDFWHUL]DWLRQ�RI�HFWRP\FRUUKL]D��LQ�7HFKQLTXHV�IRU�WKH�VWXG\�RI�
P\FRUUKL]D��HG��1RUULV��-��5��5HDG��'��-��9DUPD��$��.�����±���  

$VKNDQQHMKDG�� 6��� +RUWRQ�� 7�� 5�� �������� (FWRP\FRUUKL]DO� HFRORJ\� XQGHU� SULPDU\�
VXFFHVVLRQ�RQ�FRDVWDO�VDQG�GXQHV��LQWHUDFWLRQV�LQYROYLQJ�3LQXV�FRQWRUWD��VXLOORLG�
IXQJL� DQG� GHHU�� 1HZ�� 3K\WRO�� ����� ���±����� GRL�� ��������M������
����������������[ 

%L�� +�� 4��� 6LPSVRQ�� -��� /L�� 5��:���<DQ�� +���:X�� =�� ;��� &DL�� 6�� 0��� HW� DO�� ��������
,QWURGXFWLRQ�RI�3LQXV�UDGLDWD� IRU�DIIRUHVWDWLRQ��D� UHYLHZ�ZLWK� UHIHUHQFH� WR�$ED��
&KLQD��-��)RUHVWU\��5HV���������±�����GRL����������%)�������� 

&OHPPHQVHQ��.��(���)LQOD\��5��'���'DKOEHUJ��$���6WHQOLG��-���:DUGOH��'��$���/LQGDKO��%��
'����������&DUERQ�VHTXHVWUDWLRQ�LV�UHODWHG�WR�P\FRUUKL]DO�IXQJDO�FRPPXQLW\�VKLIWV�
GXULQJ�ORQJ�WHUP�VXFFHVVLRQ�LQ�ERUHDO�IRUHVWV��1HZ��3K\WRO�����������±������GRL��
��������QSK������ 

&KDSHOD��,��+��2VKHU��/��-��+RUWRQ��7��5��+HQQ��0��5����������(FWRP\FRUUKL]DO�IXQJL�
LQWURGXFHG�ZLWK� H[RWLF� SLQH�SODQWDWLRQV� LQGXFH� VRLO� FDUERQ�GHSOHWLRQ�� 6RLO��%LR��
%LFKHP����������±������GRL���������6�������������������� 

&KHQ��6��;���=KHQJ��-��4���/LX��;��)����������+XQGUHG�\HDUV�KLVWRULHV�DQG�SURVSHFW�RI�
(XFDO\SWXV� FXOWLYDWLRQ� WHFKQRORJ\� GHYHORSPHQW� LQ� &KLQD��:RUOG�� )RUHVW�� 5HV��
�&KLQ��(G���������±����GRL�����������M�FQNL�VMO\\M�����������\ 

&ROOLHU��)��$���%LGDUWRQGR��0��,����������:DLWLQJ�IRU�IXQJL��WKH�HFWRP\FRUUKL]DO�LQYDVLRQ�
RI� ORZODQG� KHDWKODQGV�� -�� (FRO�� ���� ���±����� GRL�� ��������M������
����������������[ 

&RXUW\�� 3�� (��� 3ULWVFK�� .��� 6FKORWHU��0��� +DUWPDQQ��$��� *DUED\H�� -�� ��������$FWLYLW\�
SURILOLQJ� RI� HFWRP\FRUUKL]D� FRPPXQLWLHV� LQ� WZR� IRUHVW� VRLOV� XVLQJ� PXOWLSOH�
HQ]\PDWLF� WHVWV�� 1HZ�� 3K\WRO�� ����� ���±����� GRL�� ��������M������
����������������[ 

'HOO�� %��� 0DODMF]XN�� 1��� 'XQVWDQ�� :�� $�� �������� 3HUVLVWHQFH� RI� VRPH� $XVWUDOLDQ�
3LVROLWKXV� VSHFLHV� LQWURGXFHG� LQWR� HXFDO\SW� SODQWDWLRQV� LQ� &KLQD�� )RUHVW��(FRO��
0DQDJ����������±�����GRL����������6�������������������� 

'LFNLH��,��$���%ROVWULGJH��1���&RRSHU��-��$���3HOW]HU��'��$����������&R�LQYDVLRQ�E\�3LQXV�
DQG� LWV� P\FRUUKL]DO� IXQJL�� 1HZ�� 3K\WRO�� ����� ���±���� GRL�� ��������M������
����������������[ 

'LFNLH��,��$���%XIIRUG��-��/���&REE��5��&���'HVSUH]�/RXVWDX��0��/���*UHOHW��*���+XOPH��
3��(���HW�DO����������7KH�HPHUJLQJ�VFLHQFH�RI�OLQNHG�SODQW±IXQJDO�LQYDVLRQV��1HZ��
3K\WRO�����������±����GRL����������QSK������ 

'RGHW��0��� &ROOHW�� &�� ��������:KHQ� VKRXOG� H[RWLF� IRUHVW� SODQWDWLRQ� WUHH� VSHFLHV� EH�
FRQVLGHUHG�DV�DQ�LQYDVLYH�WKUHDW�DQG�KRZ�VKRXOG�ZH�WUHDW�WKHP"�%LRO��,QYDVLRQV��
��������±������GRL����������V���������������� 

)DQJ��6��=����������6LOYLFXOWXUH�RI�SRSODU�SODQWDWLRQ�LQ�&KLQD��D�UHYLHZ��&KLQ��-��$SSO��
(FRO���&KLQ��(G������������±������GRL�� � ��������63�-���������������� 

)DURRT��7��+���6KDNRRU��$���:X��;���/L��<���<DQ��:����������3HUVSHFWLYHV�RI�SODQWDWLRQ�
IRUHVWV�LQ�WKH�VXVWDLQDEOH�IRUHVW�GHYHORSPHQW�RI�&KLQD��,IRUHVW��GRL���������±�����
��������LIRU�������� 

)UDQVVRQ��3���5RVOLQJ��$����������)XQJDO�DQG�EDFWHULDO�FRPPXQLW\�UHVSRQVHV�WR�6XLOOXV�
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YDULHJWXV� H[WUDUDGLFDO�P\FHOLD�DQG�VRLO�SURILOH� LQ�VFRWV�SLQH�PLFURFRVPV��3ODQW��
6RLO����������±�����GRL����������V���������������� 

*HKULQJ��&��$���:KLWKDP��7��*�� ��������&RPSDULVRQV�RI� HFWRP\FRUUKL]DH� LQ�3LQ\RQ�
3LQHV��3LQXV�HGXOLV��3LQDFHDH��DFURVV�H[WUHPHV�RI�VRLO�W\SH�DQG�KHUELYRU\��$P��-��
%RW����������±������GRL����������M����������������WE������[ 

*ODVVPDQ��6�� ,���/HYLQH��&��5���'L5RFFR��$��0���%DWWOHV�� -�� -���%UXQV��7��'�� ��������
(FWRP\FRUUKL]DO�IXQJDO�VSRUH�EDQN�UHFRYHU\�DIWHU�D�VHYHUH�IRUHVW�ILUH��VRPH�OLNH�LW�
KRW��,60(��-����������±������GRL����������LVPHM��������� 

*XHULQ�/DJXHWWH�$����������6XFFHVVHV�DQG�FKDOOHQJHV�LQ�WKH�VXVWDLQDEOH�FXOWLYDWLRQ�RI�
HGLEOH�P\FRUUKL]DO�IXQJLíIXUWKHULQJ�WKH�GUHDP��0\FRVFLHQFH��������í��� 

*XHULQ�/DJXHWWH��$���&XPPLQJV��1���%XWOHU��5��&���:LOORZV��$���+HVRP�:LOOLDPV��1���
/L��6��+���HW�DO�� ��������/DFWDULXV�GHOLFLRVXV�DQG�3LQXV�UDGLDWD� LQ�QHZ�]HDODQG��
WRZDUGV�WKH�GHYHORSPHQW�RI�LQQRYDWLYH�JRXUPHW�PXVKURRP�RUFKDUGV��0\FRUUKL]D��
�������±�����GRL����������V���������������\ 

+D\ZDUG�� -��� +RUWRQ�� 7�� 5��� 3DXFKDUG�� $��� 1XQH]�� 0�� $�� �������� $� VLQJOH�
HFWRP\FRUUKL]DO�IXQJDO�VSHFLHV�FDQ�HQDEOH�D�3LQXV�LQYDVLRQ��(FRORJ\����������±
������GRL������������������� 

+RUWDO��6���3OHWW��.��/���3OHWW��-��0���&UHVVZHOO��7���-RKDQVHQ��0���3HQGDOO��(���HW�DO����������
5ROH� RI� SODQW�IXQJDO� QXWULHQW� WUDGLQJ� DQG� KRVWV� FRQWURO� LQ� GHWHUPLQLQJ� WKH�
FRPSHWLWLYH� VXFFHVV� RI� HFWRP\FRUUKL]DO� IXQJL�� ,60(�� -�� ���� ����±������ GRL��
��������LVPHM��������� 

+\QVRQ�� 1�� $�� 0HUFN[�� 9��� 3HUU\�� %�� $��� 7UHVHGHU�� .�� .�� �������� ,GHQWLWLHV� DQG�
GLVWULEXWLRQV�RI�WKH�FR�LQYDGLQJ�HFWRP\FRUUKL]DO�IXQJDO�V\PELRQWV�RI�H[RWLF�SLQHV�
LQ� WKH�+DZDLLDQ� ,VODQGV��%LRO�� ,QYDVLRQV�� ���� ����±������ GRL�� ��������V������
���������� 

-XUNLHQ��*���-DQXDXVNDLW��'���%DOLXFNDV��9����������0LFURELDO�&RPPXQLW\�$QDO\VLV�RI�
1DWLYH�3LQXV�V\OYHVWULV�/��DQG�$OLHQ�3LQXV�PXJR�/��RQ�'XQH�6DQGV�DV�GHWHUPLQHG�
E\�(FRSODWHV��)RUHVWV������������GRL����������I�������� 

.DUHQ��2���+RJEHUJ��1���'DKOEHUJ��$��� -RQVVRQ��/���1\OXQG�� -��(�� �������� ,QWHU�� DQG�
LQWUDVSHFLILF� YDULDWLRQ� LQ� WKH� ,76� UHJLRQ� RI� U'1$� RI� HFWRP\FRUUKL]DO� IXQJL� LQ�
)HQQRVFDQGLD�DV�GHWHFWHG�E\�HQGRQXFOHDVH�DQDO\VLV��1HZ��3K\WRO����������±�����
GRL����������M����������������������[ 

.HDQH��5��0���&UDZOH\��0��-�� ��������([RWLF�SODQW� LQYDVLRQV�DQG� WKH�HQHP\�UHOHDVH�
K\SRWKHVLV��7UHQGV��(FRO��(YRO���������±����GRL����������6�������������������
� 

/HVNL��7���$XþLQD��$��� 6NULGDLOD��$��� 3LHWUDV��0��� 5LHSãDV�� (��� 5XGDZVND��0�� �������
(FWRP\FRUUKL]DO�FRPPXQLW\�VWUXFWXUH�RI�GLIIHUHQW�JHQRW\SHV�RI�VFRWV�SLQH�XQGHU�
IRUHVW� QXUVHU\� FRQGLWLRQV��0\FRUUKL]D�� ���� ���±����� GRL�� ��������V����������
������ 

/LDQJ��<���*XR��/��'���0D��.��3����������7KH�UROH�RI�P\FRUUKL]DO�IXQJL�LQ�HFRV\VWHPV��
&KLQ��-��3ODQW��(FRO���������±�����GRL��&1.,�681�=:6%�������������� 

/LOOHVNRY��(��$���+REELH��(��$���+RUWRQ��7��5����������&RQVHUYDWLRQ�RI�HFWRP\FRUUKL]DO�
IXQJL�� H[SORULQJ� WKH� OLQNDJHV� EHWZHHQ� IXQFWLRQDO� DQG� WD[RQRPLF� UHVSRQVHV� WR�
DQWKURSRJHQLF� 1� GHSRVLWLRQ�� )XQJDO�� (FRO�� �����±����� GRL�� � �
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��������M�IXQHFR������������ 
/RFNZRRG��-��/��+RRSHV��0��)��0DUFKHWWL��0��3����������,QYDVLRQ�HFRORJ\��2[IRUG��8.��

%ODFNZHOO�3XEOLVKLQJ� 
0DU[�� '�� +�� �������� 7KH� SUDFWLFDO� VLJQLILFDQFH� RI� HFWRP\FRUUKL]DH� LQ� IRUHVW�

HVWDEOLVKPHQW��LQ�(FRSK\VLRORJ\�RI�HFWRP\FRUUKL]DH�6WRFNKROP��6ZHGHQ��0DUFXV�
:DOOHQEHUJ�)RXQGDWLRQ����±�� 

0LNROD��3����������0\FRUUKL]DO�LQRFXODWLRQ�LQ�DIIRUHVWDWLRQ��LQ�,QWHUQDWLRQDO�5HYLHZ�RI�
)RUHVWU\�5HVHDUFK��YRO�������±���� 

0R\DQR��-���5RGULJXH]�&DEDO��0��$���1XxH]��0��$����������+LJKO\�LQYDVLYH�WUHH�VSHFLHV�
DUH�PRUH�GHSHQGHQW�RQ�PXWXDOLVPV��(FRORJ\�������H�������GRL����������HF\����� 

1DUD��.����������6SRUHV�RI�HFWRP\FRUUKL]DO�IXQJL��HFRORJLFDO�VWUDWHJLHV�IRU�JHUPLQDWLRQ�
DQG� GRUPDQF\�� 1HZ�� 3K\WRO�� ����� ���±����� GRL�� ��������M������
����������������[ 

1JX\HQ��1��+���:LOOLDPV��/���9LQFHQW��-��%���6WHIDQVNL��$���&DYHQGHU�%DUHV��-���0HVVLHU��
&���HW�DO����������(FWRP\FRUUKL]DO�DQG�VDSURWURSKLF�IXQJDO�GLYHUVLW\�DUH�OLQNHG�WR�
GLIIHUHQW�WUHH�FRPPXQLW\�DWWULEXWHV�LQ�D�ILHOG�EDVHG�WUHH�H[SHULPHQW��0RO��(FRO������
���±�����GRL����������PHF������ 

1LQJ��&���0XHOOHU��*��0���(JHUWRQ�:DUEXUWRQ��/��0���:LOVRQ��$��:���;LDQJ��:��+���<DQ��
:�� '�� �������� +RVW� SK\ORJHQHWLF� UHODWHGQHVV� DQG� VRLO� QXWULHQWV� VKDSH�
HFWRP\FRUUKL]DO� FRPPXQLW\� FRPSRVLWLRQ� LQ� QDWLYH� DQG� H[RWLF� SLQH� SODQWDWLRQV��
)RUHVWV�����������GRL����������I�������� 

1LQJ��&���;LDQJ��:��+���0XHOOHU��*��0���(JHUWRQ�:DUEXUWRQ�/��0���<DQ�:��'���/LX��6��
*����������'LIIHUHQFHV�LQ�HFWRP\FRUUKL]DO�FRPPXQLW\�DVVHPEO\�EHWZHHQ�QDWLYH�
DQG�H[RWLF�SLQHV�DUH�UHIOHFWHG�LQ�WKHLU�HQ]\PDWLF�IXQFWLRQDO�FDSDFLWLHV��3ODQW��6RLO��
��������±�����GRL����������V����������������� 

1LQJ��&���(JHUWRQ�:DUEXUWRQ��/��0���0XHOOHU��*��0���;LDQJ��:��+���<DQ�:��'���/LX��6��
*�� ��������6KLIWV� LQ�HFWRP\FRUUKL]DO� IXQJDO�FRPPXQLW\�FRPSRVLWLRQ�GXULQJ� WKH�
HDUO\� HVWDEOLVKPHQW� RI� QDWLYH� DQG� H[RWLF� SLQH� VHHGOLQJV��$SSO��6RLO��(FRO�� �����
��������GRL����������M�DSVRLO������������ 

1XQH]��0��$���+RUWRQ��7��5���6LPEHUORII��'����������/DFN�RI�EHORZJURXQG�PXWXDOLVPV�
KLQGHUV�3LQDFHDH�LQYDVLRQV��(FRORJ\����������±������GRL������������������� 

1XQH]��0��$���'LFNLH��,��$����������,QYDVLYH�EHORZJURXQG�PXWXDOLVWV�RI�ZRRG\�SODQWV��
%LRO��,QYDVLRQV���������±����GRL����������V���������������\ 

3HD\�� .�� *��� .HQQHG\�� 3�� *��� %UXQV�� 7�� '�� �������� 5HWKLQNLQJ� HFWRP\FRUUKL]DO�
VXFFHVVLRQ��DUH� URRW�GHQVLW\� DQG�K\SKDO�H[SORUDWLRQ� W\SHV�GULYHUV�RI�VSDWLDO�DQG�
WHPSRUDO�]RQDWLRQ"�)XQJDO��(FRO��������±�����GRL����������M�IXQHFR������������ 

3HD\�� .�� *��� 6FKXEHUW�� 0�� *��� 1JX\HQ�� 1�� +��� %UXQV�� 7�� '�� �������� 0HDVXULQJ�
HFWRP\FRUUKL]DO�IXQJDO�GLVSHUVDO��PDFURHFRORJLFDO�SDWWHUQV�GULYHQ�E\�PLFURVFRSLF�
SURSDJXOHV��0RO��(FRO����������±������GRL����������M���������;������������[ 

3ULQJOH��$���%HYHU��-��'���*DUGHV��0���3DUUHQW��-��/���5LOOLJ��0��&���.OLURQRPRV��-��1��
��������0\FRUUKL]DO�V\PELRVHV�DQG�SODQW�LQYDVLRQV��$QQX��5HY��(FRO��(YRO��6������
���±�����GRL����������DQQXUHY�HFROV\V����������������� 

3ULWVFK��.���&RXUW\��3��(���&KXULQ��-��/���&RXWLHU�+XUWHDX��%���$OL��0��D���'DPRQ��&���HW�
DO����������2SWLPL]HG�DVVD\�DQG�VWRUDJH�FRQGLWLRQV�IRU�HQ]\PH�DFWLYLW\�SURILOLQJ�
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RI�HFWRP\FRUUKL]DH��0\FRUUKL]D���������±�����GRL����������V���������������� 
3R\QWRQ��5��-����������7UHH�SODQWLQJ�LQ�6RXWKHUQ�$IULFD��WKH�SLQHV��3UHWRULD��-$5��6RXWK�

$IULFD��'HSDUWPHQW�RI�)RUHVWU\� 
3\VHN��3���-DURãtN��9���3HUJO��-����������$OLHQ�SODQWV�LQWURGXFHG�E\�GLIIHUHQW�SDWKZD\V�

GLIIHU�LQ�LQYDVLRQ�VXFFHVV��XQLQWHQWLRQDO�LQWURGXFWLRQV�DV�D�WKUHDW�WR�QDWXUDO�DUHDV��
3ORV��2QH�����H�������GRL����������MRXUQDO�SRQH�������� 

3\VHN��3���0DQFHXU��$��0���$OED��&���0F*UHJRU��.��)���3HUJO�� -���6WDMHURYD��.���HW�DO��
��������1DWXUDOL]DWLRQ�RI�FHQWUDO�(XURSHDQ�SODQWV�LQ�1RUWK�$PHULFD��VSHFLHV�WUDLWV��
KDELWDWV�� SURSDJXOH� SUHVVXUH�� UHVLGHQFH� WLPH�� (FRORJ\�� ���� ���±����� GRL��
����������������� 

5�&RUH� 7HDP�� ��������5�� $� /DQJXDJH� DQG� (QYLURQPHQW� IRU� 6WDWLVWLFDO� &RPSXWLQJ��
9LHQQD��$XVWULD��5HWULHYHG�IURP�KWWSV���ZZZ�5�SURMHFW�RUJ� 

5HDG��'��-���3HUH]�0RUHQR��-����������0\FRUUKL]DV�DQG�QXWULHQW�F\FOLQJ�LQ�HFRV\VWHPV�
D� MRXUQH\� WRZDUGV� UHOHYDQFH"�1HZ��3K\WRO������ ���±����� GRL�� ��������M������
����������������[ 

5LFKDUGVRQ��'��0���$OOVRSS��1���'¶$QWRQLR��&��0���0LOWRQ��6��-���5HMPiQHN��0����������
3ODQW�LQYDVLRQV²WKH�UROH�RI�PXWXDOLVP��%LRO��5HY��������±����GRL����������M������
���;������WE������[ 

6FKZDUW]��0��:���+RHNVHPD��-��'���*HKULQJ��&��$���-RKQVRQ��1��&���.OLURQRPRV��-��1���
$EERWW��/��.���HW�DO����������7KH�SURPLVH�DQG�WKH�SRWHQWLDO�FRQVHTXHQFHV�RI�WKH�
JOREDO� WUDQVSRUW� RI� P\FRUUKL]DO� IXQJDO� LQRFXOXP�� (FRO�� /HWW�� ��� ���±����� GRL��
��������M����������������������[ 

6PLWK��6��(���5HDG��'��-����������0\FRUUKL]DO�V\PELRVLV���UG�HG��1HZ�<RUN��$FDGHPLF�
3UHVV��  

6RQJ��&��6����������6SHFLHV�RI�3LQXV�LQ�WKH�ZRUOG�DQG�LQWURGXFWLRQ�RI�RYHUVHDV�SLQH�LQ�
&KLQD�� -�� %HLMLQJ� )RU�� 8QLY�� �&KLQ�� (G���� ��� �±���� GRL�� ���������M������
���������������� 

7URFKD��/��.���.DOXFND��,���6WDVLQVND��0���1RZDN��:���'DEHUW��0���/HVNL��7���HW�DO����������
(FWRP\FRUUKL]DO�IXQJDO�FRPPXQLWLHV�RI�QDWLYH�DQG�QRQ�QDWLYH�3LQXV�DQG�4XHUFXV�
VSHFLHV�LQ�D�FRPPRQ�JDUGHQ�RI����\HDU�ROG�WUHHV��0\FRUUKL]D���������±�����GRL��
��������V���������������[ 

7KRPVRQ��%��'���+DUG\��*��(��6���0DODMF]XN��1���*URYH��7��6����������7KH�VXUYLYDO�DQG�
GHYHORSPHQW�RI�LQRFXODQW�HFWRP\FRUUKL]DO�IXQJL�RQ�URRWV�RI�RXWSODQWHG�(XFDO\SWXV�
JOREXOXV�/DELOO��3ODQW��6RLO����������±�����GRL����������%)�������� 

:DONHU��-��.��0���:DUG��9���-RQHV��0��'����������(FWRP\FRUUKL]DO�IXQJDO�H[RHQ]\PH�
DFWLYLW\�GLIIHUV�RQ�VSUXFH�VHHGOLQJV�SODQWHG�LQ�IRUHVWV�YHUVXV�FOHDUFXWV��7UHHV��6WUXFW��
)XQFW���������±�����GRL����������V���������������� 

:DQJ��%���'މ�(RQ��6���'RQJ��-�� �������� ,QWURGXFWLRQ�RI�&DQDGLDQ� WUHH�VSHFLHV� WR� WKH�
QRUWKHDVW�RI�&KLQD��)RUHVWU\�&KURQLFOH���������±�����GRL����������WIF������� 

:DQJ��5���*XHULQ�/DJXHWWH��$���+XDQJ��/��/���:DQJ��;��+���%XWOHU��5���:DQJ��<���HW�DO��
��������0\FRUUKL]DO�V\QWKHVHV�EHWZHHQ�/DFWDULXV�VSS��VHFWLRQ�'HOLFLRVL�DQG�3LQXV�
VSS��DQG�WKH�HIIHFWV�RI�JUD]LQJ�LQVHFWV�LQ�<XQQDQ��&KLQD��&DQ��-��)RUHVW��5HV������
���±�����GRL����������FMIU���������� 

:DQJ��<���+DOO��,��5���'L[RQ��&���+DQFH�+DOOR\��0���6WURQJ��*���%UDVV��3����������7KH�
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FXOWLYDWLRQ�RI�/DFWDULXV�GHOLFLRVXV��VDIIURQ�PLON�FDS��DQG�5KL]RSRJRQ�UXEHVFHQV�
�VKRUR��LQ�1HZ�=HDODQG��LQ�(GLEOH�P\FRUUKL]DO�PXVKURRPV�DQG�WKHLU�FXOWLYDWLRQ��
HG�� +DOO�� ,�� 5��� :DQJ�� <��� 'DQHOO�� (��� =DPERQHOOL�� $�� 1HZ� =HDODQG�� (GLEOH�
P\FRUUKL]DO�PXVKURRPV�DQG�WKHLU�FXOWLYDWLRQ�VHFRQG�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�
HGLEOH�P\FRUUKL]DO�PXVKURRPV� 

9HOOLQJD��(��&���:ROIH��%��(���3ULQJOH��$�� ��������*OREDO�SDWWHUQV�RI�HFWRP\FRUUKL]DO�
LQWURGXFWLRQV�� 1HZ�� 3K\WRO�� ����� ���±����� GRL�� ��������M������
����������������[ 

9ON��/���7HGHUVRR��/���$QWO��7��7���9HWURYVN\��7���$EDUHQNRY��.���3HUJO��-���HW�DO�������D���
$OLHQ�HFWRP\FRUUKL]DO�SODQWV�GLIIHU�LQ�WKHLU�DELOLW\�WR�LQWHUDFW�ZLWK�FR�LQWURGXFHG�
DQG� QDWLYH� HFWRP\FRUUKL]DO� IXQJL� LQ� QRYHO� VLWHV�� ,60(�� -�� ���� ����±������ GRL��
��������V���������������� 

9ON��/���7HGHUVRR��/���$QWO��7���9HWURYVN\��7���$EDUHQNRY��.���3HUJO��-���HW�DO�������E���
(DUO\� VXFFHVVLRQDO� HFWRP\FRUUKL]DO� IXQJL� DUH� PRUH� OLNHO\� WR� QDWXUDOL]H� RXWVLGH�
WKHLU� QDWLYH� UDQJH� WKDQ� RWKHU� HFWRP\FRUUKL]DO� IXQJL�� 1HZ�� 3K\WRO�� ����� ����±
����� GRL����������QSK������ 
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*(1(5$/�',6&866,21 
 
7KH� SUHVHQWHG� WKHVLV� DLPV� WR� �L�� DFFRPSOLVK� HWKQRP\FRORJLFDO� VWXG\� RQ� ZLOG�
PXVKURRPV� DQG� HFWRP\FRUUKL]DO� IXQJL� GLYHUVLW\�� �LL�� VWXG\� RQ� QHZ� FRPPHUFLDO�
HFWRP\FRUUKL]DO�IXQJDO�VSHFLHV�E\�WD[RQRPLF�UHVHDUFK�DQG�P\FRUUKL]DO�V\QWKHVLV���LLL��
WHVW�7XEHU�PHODQRVSRUXP�DQG�QDWLYH�&KLQHVH�RDN�VSHFLHV�IRUPLQJ�VWDEOH�P\FRUUKL]DO�
V\PELRVHV� DQG� �LY�� SURYLGH� LQVLJKWV� LQWR� SODQWDWLRQ� HVWDEOLVKPHQW� E\� DQDO\]LQJ� WKH�
LQWHUDFWLRQ� HIIHFW� RI� HFWRP\FRUUKL]DO� IXQJL�� LQFOXGLQJ� FR�LQWURGXFHG� /DFWDULXV�
GHOLFLRVXV� DQG� ORFDO� HFWRP\FRUUKL]DO� IXQJDO� FRPPXQLWLHV�� RQ� WKH� HVWDEOLVKPHQW� RI�
H[RWLF�3LQXV�UDGLDWD�VHHGOLQJV��  
 
$�WRWDO�RI�HOHYHQ�PDUNHWV�DQG�VXUURXQGLQJ�QDWXUDO�KDELWDWV�ZHUH�YLVLWHG�IRU�WKUHH�\HDUV�
LQ�FKDSWHU�პ��(WKQLF�JURXSV�DUH�WKH�PDMRU�SRSXODWLRQ�LQ�PDUNHWV�DQG�GLIIHUHQW�PDUNHWV�
KDYH�GLIIHUHQW� VDOH� WLPH� WR� VHOO�PXVKURRPV� DFFRUGLQJ� WR� WKH� ORFDO� SHRSOH¶V� GLIIHUHQW�
OLIHVW\OHV��We recorded a wealth of ethnomycological knowledge through interviews 
and collected abundant wild mushroom samples from local markets and forests in three 
consecutive years. 0XVKURRP�KDUYHVWLQJ�LV�D�FKDOOHQJLQJ�DFWLYLW\�WKDW�UHTXLUHV�D�GHHS�
ORFDO� HQYLURQPHQWDO� NQRZOHGJH� WR� DFKLHYH� VXFFHVV�� 7KH� NQRZOHGJH� RI� VHOHFWLQJ�
PXVKURRPV�KDV�XVXDOO\�SDVVHG�IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ��6DOHV�DFWLYLWLHV�RI�ZLOG�
PXVKURRPV� FDQ� EH� FDUULHG� RXW� XQLIRUPO\� LQ� HVWDEOLVKHG� PDUNHWV�� ZKLOH� ORFDO�
JRYHUQPHQW� VWUHQJWKHQ� WKH� VDOHV� VXSHUYLVLRQ� RI� PDUNHWV� WR� PDNH� WKH� VDOH� RI� ZLOG�
PXVKURRPV�PRUH�VWDQGDUGL]HG�DQG�UHGXFH�WKH�SUREDELOLW\�RI�ZLOG�PXVKURRP�SRLVRQLQJ�� �
,Q�HDFK�PDUNHW��WKH�PDOH�WR�IHPDOH�UDWLR�RI�YHQGRUV�VKRZHG�WKDW�ZRPHQ�RXWQXPEHU�PHQ��
It seems that in many regions of the world women are often the main collectors (Cui et 
al., 2018; Wang et al., 2015; Zhang et al., 2013). But women usually collected 
mushrooms closest to their houses, while men go farther to collect. Therefore, men 
usually have developed a more profound knowledge on the biology, ecology, and 
phenology of mushrooms and were able to identify them, even at a species level. In 
addition, the age of collectors was mainly between 45-65 years old and only few young 
people were involved in mushroom collecting or selling. Traditional knowledge is 
being lost through economic change, modernization, urbanization and even formal 
education. Therefore, further research on ethnomycology is urgent to preserve the 
current knowledge before their lost forever. A total of ���� VSHFLHV� FROOHFWHG� LQ� WKH�
PDUNHWV�� EHORQJ� WR� ��� IDPLOLHV� DQG� ��� JHQHUD�� DQG� DERXW� ���� RI� WKHP� DUH�
HFWRP\FRUUKL]DO�IXQJL��7KH�����VSHFLHV�FROOHFWHG�LQ�WKH�QDWXUDO�KDELWDWV��EHORQJ�WR����
IDPLOLHV�DQG�����JHQHUD��DQG�DERXW�����DUH�HFWRP\FRUUKL]DO�IXQJL��0XVKURRP�VSHFLHV�
DQG� DPRXQW� VKRZHG� RYHUODS� EHWZHHQ�PDUNHWV� DQG� WKH� QDWXUDO� KDELWDWV� RQ� GLIIHUHQW�
PRQWKV��3UHIHUHQFH�RI�ZLOG�HGLEOH�PXVKURRPV�IRU� ORFDOV�ZDV�PRVWO\� UHODWHG� WR� WKHLU�
DYDLODELOLW\�LQ�WKH�IRUHVWV��Yu et al (2003) VXUYH\HG�PDUNHWV�LQ�3X¶HU�IURP���02 to 2009 
and reported a sharp decline of WEF production of 43 species, such as Lactifluus 
volemus, Russula griseocarnosa, Termitomyces spp. and Thelephora ganbajun which 
were considered as important in Yunnan. In our study, interviews with vendors showed 
that production of these species had declined even more in recent years and they had to 
travel farther to collect them. In our study, ���JRRG�HGLEOH�VSHFLHV� WKDW�ZH�IRXQG� LQ�
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QDWXUH�ZHUH�QRW�VROG�LQ�PDUNHWV��9HU\�WDVW\�VSHFLHV�DV�$PDQLWD�VXEKHPLEDSKD��%ROHWXV�
YLRODFHRIXVFXV�DQG�/DFFDULD�DPHWK\VWLQD�KDYH�EHDXWLIXO�FRORU�DQG�JRRG�SURGXFWLRQ�LQ�
WKH�IRUHVWV��EXW�WKH\�ZHUH�QRW�UHFRUGHG�LQ�WKH�PDUNHWV�PD\EH�GXH�WR�WKH�IDFW�WKDW�WKH\�
DUH�SUHIHUUHG� IRU� VHOI�FRQVXPSWLRQ� UDWKHU� WKDQ� FRPPHUFLDOL]DWLRQ��7KH�XWLOL]DWLRQ�RI�
:()�UHVRXUFHV�LQ�3X¶HU�VWLOO�KDV�JUHDW�SRWHQWLDO�WR�EH�GHYHORSHG� 
 
6RPH�VSHFLHV�FROOHFWHG�IURP�PDUNHWV�DQG�ILHOGV�DUH�XQGHVFULEHG�VSHFLHV�DFFRUGLQJ�WR�
WD[RQRPLFDO� DQG� PROHFXODU� UHVXOWV� LQ� RXU� VWXG\�� 'LVFRYHU\� RI� PRUH� QHZ� YDOXHG�
PXVKURRP�VSHFLHV�ZLOO�FRQWULEXWH�WR�WKH�VXVWDLQDEOH�XVH�RI�:()�UHVRXUFHV��,Q�FKDSWHU�
ჟ� DQG� რ�� WZR� QHZ� FRPPHUFLDO� HFWRP\FRUUKL]DO� GHOLFDFLHV� ZHUH� LGHQWLILHG� E\�
PRUSKRORJLFDO� DQG� PROHFXODU� SK\ORJHQHWLF� DQDO\VHV�� 2QH� VSHFLHV� ZDV� GHVFULEHG� DV�
5KL]RSRJRQ� VRQJPDRGDQ� VS�� QRY��EHORQJLQJ� WR� WKH� VXEJHQXV� 9HUVLFRORUHV based on 
PRUSKRORJLFDO� DQG� PROHFXODU� SK\ORJHQHWLF� DQDO\VHV�� R. songmaodan is the tenth 
Rhizopogon species reported from China. Morphologically R. songmaodan is similar 
to R. evadens in having white rhizomorphs and becoming reddish when basidiomata 
are cut. However, R. songmaodan has thinner peridium and phylogenetic analysis 
showed that R. songmaodan is grouped in a different subclade than R. evadens. R. 
jiyaozi is the most popular edible Rhizopogon species in Yunnan and Sichuan Provinces 
(Li et al., 2016). Morphologically R. jiyaozi and R. songmaodan are similar in having 
white and discolored basidiocarps. However, R. jiyaozi belongs to WKH�VXEJHQXV�5RVHROL�
DQG� LV�GLIIHUHQW� IURP�5�� VRQJPDRGDQ�E\�SUHVHQWLQJ�\HOORZ�staining in the peridium. 
Additionally, R. jiyaozi produces basidiocarps between August and October each year, 
later than 5��VRQJPDRGDQ��In China, the mycorrhizae of a few Rhizopogon species were 
synthesized by mycelium inoculation DQG� VKRZHG� WKH� SRWHQWLDO� RI� P\FRUUKL]DO�
VHHGOLQJV�LQ�DIIRUHVWDWLRQ (6KDR�������/L��������In this study, two typical pine species, 
Pinus armandii and P. yunnanensis from central Yunnan, were inoculated with spores 
of R. songmaodan, and abundant ectomycorrhizae were produced after four months. 
Considering the commercial and ecological value of R. songmaodan, and the 
inoculation efficiency (100% mycorrhizal colonization rate), it could be a good 
candidate for cultivation in Southwest China. However, further work on mycorrhizal 
synthesis and trial plantations are needed to turn the cultivation of this species into a 
powerful rural development tool capable of generating income for farmers in less 
favored rural areas.�  
 
$QRWKHU�GHOLFDF\�ZDV�GHVFULEHG�DV�&KRLURP\FHV�VLFKXDQHQVLV�VS��QRY��LQ�FKDSWHU�რ��
7KH�SUHVHQW�PRUSKRORJLFDO�DQG�PROHFXODU�UHVXOWV�FRQILUPHG�WKDW�DW�OHDVW�WKUHH�VSHFLHV�
RI�&KRLURP\FHV�FHUHEULIRUPLV��&��KHODQVKDQHQVLV�DQG�&��VLFKXDQHQVLV�ZHUH�ZLWKLQ�WKH�
JHQXV� &KRLURP\FHV� LQ� &KLQD�� 0RUSKRORJLFDOO\�� DVFRVSRUDO� RUQDPHQWDWLRQ� LQ� &��
VLFKXDQHQVLV�KDG�ORQJHU�EOXQW�VSLQH�WKDQ�WKDW�LQ�WZR�RWKHU�&KLQHVH�&KRLURP\FHV�VSHFLHV��
3K\ORJHQHWLF�DQDO\VHV�EDVHG�RQ�,76�VHTXHQFHV�LQGLFDWHG�WKDW�WKH�&KRLURP\FHV�&KLQHVH�
VSHFLPHQV�IRUPHG�DQ�LQGHSHQGHQW�FODGH�ZLWK�KLJK�%D\HVLDQ�3RVWHULRU�3UREDELOLW\�DQG�
ZHUH�HDVLO\�GLVWLQJXLVKDEOH�IURP�&��PHDQGULIRUPLV��7KHUHIRUH��WKHVH�PRUSKRORJLFDO�DQG�
PROHFXODU�UHVXOWV�SURYLGHG�VWURQJ�VXSSRUW�IRU�&��VLFKXDQHQVLV�DV�D�QHZ�VSHFLHV�������
DQG�����33��� ,Q�&KLQD�� OLWWOH� LV�NQRZQ�DERXW�K\SRJHRXV� IXQJL�RWKHU� WKDQ� WKH�JHQXV�
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7XEHU�� +RZHYHU�� WKH� DEXQGDQFH� DQG� GLYHUVLW\� RI� 7XEHU� VSHFLHV� LQ� VRXWKZHVW� &KLQD�
LQGLFDWH� D� SRWHQWLDO� ELRGLYHUVLW\� RI� RWKHU� K\SRJHRXV� IXQJL� LQ� WKLV� UHJLRQ�� 7KH�
HFWRP\FRUUKL]D� EHWZHHQ� &�� VLFKXDQHQVLV� DQG� 3LQXV� DUPDQGLL�ZDV� ZHOO� GHYHORSHG��
ZKLOH� QR� VXFK� DQ� HFWRP\FRUUKL]D� IRUPDWLRQ� ZDV� REVHUYHG� RQ� 3LFHD� URRWV�� %RWK�
PRUSKRORJLFDO� GHVFULSWLRQV� DQG� PROHFXODU� LGHQWLILFDWLRQ� IXOO\� FRQILUPHG� WKH� UHDO�
LGHQWLWLHV� RI� P\FRUUKL]DWLRQ� EHWZHHQ� &�� VLFKXDQHQVLV� DQG� 3�� DUPDQGLL� DV� WKH� ,76�
VHTXHQFHV�RI�WKH�V\QWKHVL]HG�P\FRUUKL]DH�ZHUH�LGHQWLFDO�WR�WKH�RULJLQDO�DVFRPDWD�XVHG�
IRU�LQRFXODWLRQ��7KLV�UHVXOW�LV�WKH�ILUVW�UHSRUW�RQ�WKH�V\QWKHVL]HG�P\FRUUKL]DH�EHWZHHQ�
SLQH�SODQWV�ZLWK�D�FRPPHUFLDO�SLJ�WUXIIOH�RI�&��VLFKXDQHQVLV��:H�KDG�QRW�REVHUYHG�(&0�
IRUPDWLRQ�HLWKHU�IURP�3LFHD�OLNLDQJHQVLV�RU�3L��FUDVVLIROLD��DOWKRXJK�&��VLFKXDQHQVLV�
VDPSOHV�PLJKW� FRPH� IURP� D�3LFHD� GRPLQDWHG� IRUHVW��ZKLFK� KDV� WR� EH� FRQILUPHG� LQ�
QDWXUH��,Q�DGGLWLRQ��IXUWKHU�VWXGLHV�DUH�UHTXLUHG�WR�EHWWHU�XQGHUVWDQG�WKH�UHODWLRQVKLSV�
EHWZHHQ�&��VLFKXDQHQVLV�DQG�RWKHU�KRVW�WUHHV��QR�PDWWHU�ZKHWKHU�WKH\�DUH�EHORQJLQJ�WR�
WKH�3LQXV� JHQXV� RU� RWKHU� HFWRP\FRUUKL]DO� SODQW� VSHFLHV��7KH� H[SHFWHG� UHVXOWV� FRXOG�
SURYLGH�PDQDJHPHQW�VWUDWHJLHV�IRU�GHYHORSLQJ�PXVKURRP�FXOWLYDWLRQ�XQGHU�SODQWHG�DQG�
QDWXUDO�IRUHVWV� 
 
7KH� LPSRUWDQW� VWHS� LQ� HFWRP\FRUUKL]DO� IXQJDO� FXOWLYDWLRQ� LV� WKH� SURGXFWLRQ� RI� KRVW�
VHHGOLQJV�ZHOO�FRORQL]HG�E\�WKH�WDUJHW�VSHFLHV��*XHULQ�/DJXHWWH��������:KLOH�SDUWQHU�
VHOHFWLRQ� LQ� WKH�P\FRUUKL]DO� V\PELRVLV� LV� WKRXJKW� WR� EH� D� NH\� IDFWRU� VWDELOL]LQJ� WKH�
PXWXDOLVP� �:HUQHU� ������� ,Q� FKDSWHU� ს�� WKH� P\FRUUKL]DH� REWDLQHG� EHWZHHQ� 7��
PHODQRVSRUXP�DQG�ILYH�&KLQHVH�RDN�VSHFLHV�ZHUH�ZHOO�GHYHORSHG�DQG�GLVSOD\HG�VLPLODU�
VKDSH�DQG�FRORU�WR�WKRVH�REWDLQHG�RQ�0HGLWHUUDQHDQ�4XHUFXV�VSS���WKH�QDWXUDO�KRVWV�RI�
WKH�3pULJRUG�EODFN�WUXIIOH��*XHULQ�/DJXHWWH�HW�DO���������([WHUQDO�FKDUDFWHULVWLFV�LQFOXGH�
D� EURZQ�UHG� PDQWOH� ZLWK� DEXQGDQW� HPDQDWLQJ� K\SKDH�� 0RXQWHG� P\FRUUKL]DO� WLSV�
UHYHDOHG� WKH� W\SLFDO� MLJVDZ� SX]]OH� SDWWHUQ� RI� WKH�PDQWOH� FHOOV� �*LUDXG� �������ZKLOH�
FURVV�VHFWLRQV�UHYHDOHG�DQ�³HSLGHUPDO´�+DUWLJ�QHW��L�H���FRQILQHG�WR�WKH�H[WHUQDO�OD\HU�RI�
HORQJDWHG�FRUWLFDO�FHOOV��DV�H[SHFWHG�LQ�WKH�PDMRULW\�RI�DQJLRVSHUPV��6PLWK�DQG�5HDG�
�������$OWRJHWKHU�� WKHVH� REVHUYDWLRQV� FRQILUPHG� WKH� IRUPDWLRQ� RI� IXOO\� GHYHORSHG�
HFWRP\FRUUKL]DH� RI� 7�� PHODQRVSRUXP�� 1RQH� RI� WKH� XQLQRFXODWHG� SODQWV� SURGXFHG�
P\FRUUKL]DH�H[FHSW�IRU�D�IHZ�VHHGOLQJV�VKRZLQJ�WUDFHV�RI�QRQ�7XEHU�VSHFLHV����PRQWKV�
DIWHU� LQRFXODWLRQ��7KHVH�REVHUYDWLRQV�VWURQJO\�VXJJHVW� WKDW� WKH�P\FRUUKL]DH�REWDLQHG�
ZHUH�RI�7��PHODQRVSRUXP�RQO\��7KHLU�LGHQWLW\�ZDV�IXUWKHU�FRQILUPHG�XVLQJ�,76�VHTXHQFH�
FRPSDULVRQ��7R�RXU�NQRZOHGJH��WKLV�LV�WKH�IRXUWK�VWXG\�WR�GHVFULEH�D�SRVLWLYH�HIIHFW�RI�
WKH�P\FRUUKL]DWLRQ�E\�7��PHODQRVSRUXP�RQ�WKH�VKRRW�JURZWK�RI�EURDG�OHDI�SODQWV�XQGHU�
JUHHQKRXVH�FRQGLWLRQV��'RPtQJXH]�HW�DO���������UHSRUWHG�D�VLJQLILFDQW�LQFUHDVH�LQ�KHLJKW��
VKRRW�� DQG� URRW� GU\�ZHLJKWV� RI�4XHUFXV�SHWUDHD� VHHGOLQJV� WKDW�ZHUH�� KRZHYHU�� RQO\�
SUHGRPLQDQWO\�P\FRUUKL]HG� E\�7��PHODQRVSRUXP�� L�H���ZLWK� D� VOLJKW� FRORQL]DWLRQ� E\�
QXUVHU\�FRQWDPLQDWLQJ�P\FRUUKL]DO�IXQJL��,Q�WKH�SUHVHQW�ZRUN����\HDUV�DIWHU�LQRFXODWLRQ��
QR� RWKHU� HFWRP\FRUUKL]DO� VSHFLHV�ZHUH� GHWHFWHG� RQ� DQ\� RI� WKH� VHHGOLQJV�� FRQWURO� RU�
LQRFXODWHG��2XU�UHVXOWV�FRQVWLWXWH�WKH�WKLUG�HYLGHQFH�WKDW�VXFK�D�EHQHILFLDO�JURZWK�HIIHFW�
RQ�EURDG�OHDI�SODQWV�ZDV�GXH�WR�7��PHODQRVSRUXP�RQO\��7KH�SUHVHQW�VWXG\�LV�D�IXUWKHU�
FRQILUPDWLRQ� WKDW�� DW� OHDVW� LQ� WKH� HDUO\� VWDJH� RI� WKH� P\FRUUKL]DO� DVVRFLDWLRQ�� 7��
PHODQRVSRUXP�EHKDYHV�OLNH�D�W\SLFDO�HFWRP\FRUUKL]DO�IXQJXV��HQKDQFLQJ�WKH�JURZWK�RI�
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LWV� KRVW� SODQWV�� ,Q� DGGLWLRQ�� WKH� XQGHUO\LQJ� HFR�SK\VLRORJLFDO� PHFKDQLVPV� RI� 7��
PHODQRVSRUXP�SURPRWHG�4��PRQJROLFD�JURZWK�ZDV�VWXGLHG����PRQWKV�DIWHU�LQRFXODWLRQ�
�:DQJ� HW� DO��� ������� 7KH� VWXG\� UHVXOWV� VWURQJO\� VXJJHVW� WKDW� P\FRUUKL]DWLRQ� E\� 7��
PHODQRVSRUXP�FDQ�VLPLODUO\�PRGLI\�WKH�HQGRJHQRXV�KRUPRQDO�EDODQFH�RI�WKH�KRVW�SODQW��
WULJJHULQJ� EXGEUHDN� LQ� WKH� IURVW�IUHH�� VWDEOH� HQYLURQPHQW� RI� D� JODVVKRXVH�� 7��
PHODQRVSRUXP� (&0� FRORQL]DWLRQ� PD\� UHJXODWH� FDUERQ� HFRQRP\� DQG� UKL]RVSKHUH�
EDFWHULDO�FRPPXQLWLHV�RI�4��PRQJROLFD�VHHGOLQJV�JURZQ�LQ�D�SUHYLRXVO\�VWHULOL]HG�SHDW�
EDVHG�VXEVWUDWH��WR�SURPRWH�SODQW�JURZWK�DQG�QXWULHQW�F\FOLQJ��7��PHODQRVSRUXP�FRXOG�
LPSURYH�WKH�SHUIRUPDQFH�RI�RXW�SODQWHG�P\FRUUKL]DO�VHHGOLQJV�ZLOO�EH�D�YHU\�YDOXDEOH�
IHDWXUH�IRU�IXWXUH�DIIRUHVWDWLRQ�SURJUDPV�� �  
 
,W� VKRXOG� EH� QRWHG� WKDW� RXU� P\FRUUKL]DO� V\QWKHVLV� H[SHULPHQWV� DUH� VPDOO� VWXGLHV� LQ�
JUHHQKRXVH�� )LHOG� WULDOV� VKRXOG� EH� XQGHUWDNHQ� WR� IXUWKHU� H[SODLQ� WKH� UHODWLRQVKLS�
EHWZHHQ�VHOHFWHG�LQRFXODQW�IXQJXV��VRLO�PLFUREH�DQG�KRVW�WUHHV��/DVW�FKDSWHU�SURYLGHG�
LQVLJKWV� LQWR� HVWDEOLVKPHQW� RI� H[RWLF� SLQH� SODQWDWLRQ�� ,Q� FKDSWHU� ტ�� FR�LQWURGXFHG�
/DFWDULXV�GHOLFLRVXV�GRPLQDWHG� LQ�P\FRUUKL]RVSKHUH�RI�3LQXV�UDGLDWD� WUHHV�DQG�KLJK�
UHODWLYH�DEXQGDQFH�RI�/��GHOLFLRVXV�KDG�SRVLWLYH�FRUUHODWLRQ�ZLWK�QLWURJHQ�DFTXLVLWLRQ�RI�
QHHGOHV�RI�3��UDGLDWD��(FWRP\FRUUKL]DV�DQG�IUXLWLQJ�ERGLHV�RI�/��GHOLFLRVXV�ZHUH�IRXQG�
LQ� SODQWDWLRQ�� ZKLFK� LQGLFDWHG� /�� GHOLFLRVXV� FRXOG� QRW� EH� UHSODFHG� E\� ORFDO�
HFWRP\FRUUKL]DO�IXQJL�IRU�WKH�PRPHQW��+RZHYHU��ZH�IRXQG�QR�HIIHFWV�RI�FR�LQWURGXFHG�
/DFWDULXV�RQ�SODQW�JURZWK�DQG�QXWULHQW�DFTXLVLWLRQ�RI�H[RWLF�3��UDGLDWD� LQ�SODQWDWLRQ��
7KURXJK�KLJK�WKURXJKSXW�VHTXHQFLQJ��ZH�IRXQG�that Suillus plasidus with high relative 
abundance was detected from mycorrhizosphere and rhizosphere soil in the plantation. 
)UXLWLQJ� ERGLHV� RI� 6XLOOXV� plasidus ZHUH� FROOHFWHG� DURXQG�3�� UDGLDWD� WUHHV�� 6uch as 
Suillus or Rhizopogon species showed host-specificity to the Pinaceae (Ashkannejhad 
and Horton, 2006; Collier and Bidartondo, 2009; Nunez et al., 2009) and were among 
the earliest colonizers of isolated seedlings (Peay et al., 2012). Familiar or new 
association with local ectomycorrhizal fungi also helped 3��UDGLDWD�HVWDEOLVK�LQ�D�QHZ�
DUHD��7KH�JUHHQKRXVH�ELRDVVD\�H[SHULPHQW�IXUWKHU�SURYHG�WKDW�D�ORFDO�(F0)��6XLOOXV�VS��
IURP� VRLO�� FRQWULEXWHG� UHODWLYHO\� KLJKHU� H[WUDFHOOXODU� HQ]\PH� E\� IRUPLQJ�
HFWRP\FRUUKL]DV�ZLWK�3��UDGLDWD���DQG�WKHUH�ZDV�QR�IXQJDO�FRPPXQLW\�VKXIIOLQJ�E\�3��
UDGLDWD�GXULQJ�HDUO\�HVWDEOLVKPHQW��2XU�VWXG\�DOORZV�HVWDEOLVKPHQW�RI�H[RWLF�3��UDGLDWD�
LQ� ;LIHQJ� DQG� SURYLGHV� LQVLJKWV� LQWR� D� EHWWHU� XQGHUVWDQGLQJ� RI� LQWHUDFWLRQ� HIIHFWV�
EHWZHHQ� FR�LQWURGXFHG�ORFDO� (F0)� DQG� H[RWLF� SLQH�� 0RUHRYHU�� D� ORQJ�WHUP VWXG\�
VKRXOG�EH�FRQGXFWHG�VLQFH�RXU�study was based on a 3-year young plantation�DQG�ORFDO�
(F0)�FRPPXQLW\�FKDQJHV�E\�WKH�LQWURGXFHG�/��GHOLFLRVXV� 
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),1$/�&21&/86,216 
 
z 3X¶HU� 3UHIHFWXUH� LV� ULFK� LQ� ORFDO� P\FRORJLFDO� NQRZOHGJH� DQG� IXQJL� GLYHUVLW\��

+RZHYHU�� LW� LV� QHFHVVDU\� WR� FRQWLQXH� WKH� UHVHDUFK�RI� HWKQRP\FRORJ\� LQ�RUGHU� WR�
SUHVHUYH�H[LVWLQJ�NQRZOHGJH��VLQFH�NQRZOHGJH�RI�IXQJL�UHPDLQV�PDLQO\�DPRQJ�WKH�
HOGHUO\�SRSXODWLRQ��$QG�WKH�UDWLRQDO�PDQDJHPHQW�RI�:()�VSHFLHV�ZLWK�KLJK�\LHOG�
LQ�QDWXUDO� DUHDV� DQG� WKH�FROOHFWLRQ�DQG�XVH�RI�HFWRP\FRUUKL]DO� IXQJL�JHUPSODVP�
UHVRXUFHV�IRU�FXOWLYDWLRQ�ZLOO�EHQHILW�WKH�VXVWDLQDEOH�XWLOL]DWLRQ�RI�ORFDO�ZLOG�HGLEOH�
IXQJL� 

 
z Rhizopogon songmaodan sp. nov. is the tenth Rhizopogon species reported from 

China. 
 
z Abundant ectomycorrhizae were produced from Pinus armandii after four months 

by inoculating with spores of R. songmaodan. 
 
z &KRLURP\FHV�VLFKXDQHQVLV�VS��QRY��LV�WKH�WKLUG�VSHFLHV�RI�&KRLURP\FHV�GHVFULEHG�

LQ�&KLQD� 
 

z %RWK� PRUSKRDQDWRPLFDO� DQG� PROHFXODU� DQDO\VHV� HYLGHQFHG� ZHOO�GHYHORSHG�
P\FRUUKL]DWLRQ� EHWZHHQ� &�� VLFKXDQHQVLV and 3�� DUPDQGLL�� EXW� QRW� LQ� 3LFHD�
VHHGOLQJV� 
 

z )URP� �� PRQWKV� DIWHU� LQRFXODWLRQ�� 7XEHU� PHODQRVSRUXP� HFWRP\FRUUKL]DV� ZHUH�
VXFFHVVIXOO\�SURGXFHG�RQ� ILYH�4XHUFXV� VSHFLHV� HQGHPLF� WR�&KLQD�� DV� VKRZQ�E\�
PRUSKRORJLFDO��DQDWRPLFDO��DQG�PROHFXODU�DQDO\VHV� 
 

z 4XHUFXV�PRQJROLFD�DQG�4��ORQJLVSLFD�VKRZHG�KLJK�UHFHSWLYLW\�WR�P\FRUUKL]DWLRQ�
E\�7��PHODQRVSRUXP� 
 

z 7��PHODQRVSRUXP�PDUNHGO\�DFFHOHUDWHG�EXGEUHDN�LQ�4��PRQJROLFD� 
 

z 3LQXV� UDGLDWD� VHHGOLQJV� FRXOG� EH� VXFFHVVIXOO\� HVWDEOLVKHG� LQ� QHZ� KDELWDW� E\�
FRORQL]LQJ�ZLWK�/DFWDULXV�GHOLFLRVXV�RU� IRUPLQJ�IDPLOLDU�DVVRFLDWLRQV�ZLWK� ORFDO�
HFWRP\FRUUKL]DO�IXQJL� 
 

z &R�LQWURGXFHG�/��GHOLFLRVXV�FRXOG�SHUVLVW�LQ�WKH�SODQWDWLRQ�DQG�QRW�EH�UHSODFHG�E\�
ORFDO�HFWRP\FRUUKL]DO�IXQJL� 
 

z /RFDO�HFWRP\FRUUKL]DO�IXQJL��6XLOOXV�VS��LQ�WKH�ORFDO�KDELWDW�IRUPHG�QHZ�DVVRFLDWLRQ�
ZLWK�3��UDGLDWD�DQG�QR�VKLIW�RI�HFWRP\FRUUKL]DO�IXQJL�GXULQJ�HDUO\�HVWDEOLVKPHQW�RI�
3��UDGLDWD� 
 

z +RVW�LGHQWLW\�KDG�QR�HIIHFW�RQ�IXQJDO�FRPPXQLW\�FRPSRVLWLRQ�VLQFH�3��UDGLDWD�DQG�
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QDWLYH�3��PDVVRQLDQD�UHFUXLWHG�VLPLODU�HFWRP\FRUUKL]DO�IXQJDO�FRPPXQLWLHV��%XW�/��
GHOLFLRVXV� SUH�FRORQL]DWLRQ� VLJQLILFDQWO\� DOWHUHG� WKH� P\FRUUKL]RVSKHUH� IXQJDO�
FRPSRVLWLRQ� 
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$JHUHU�5���������&KDUDFWHUL]DWLRQ�LI�HFWRP\FRUUKL]D��0HWKRG�0LFURELRO��������±��� 
$JHUHU�5���������)XQJDO�UHODWLRQVKLSV�DQG�VWUXFWXUDO�LGHQWLW\�RI�WKHLU�HFWRP\FRUUKL]DH��
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