
INTRODUCTION 

Endophytic fungi are microorganisms that 

are in the plant tissue during certain periods of their 

life cycle, without causing damage to the plants 

(Hilarino et al., 2011).  It play an important role in 

EDODQFLQJ�HFRV\VWHPV�DQG�EHQH¿WLQJ�WKH�KRVW�VXFK�

as increasing plant growth (Zheng et al., 2017).

Abundance and diversity of endophytic fungi 

species increases with increasing leaf age (López-

González et al., 2017). Hilarino et al. (2011) claimed 

that differences in the composition of endophytic 

fungi on the leaves of Bauhinia brevipes�LQÀXHQFHG�

by the age of the leaf. Endophytic fungi colonization 

is higher in the leaves of certain associated with 

anatomical structures and susceptibility to infection, 

FKDQJHV�LQ�ELRFKHPLFDO�LQÀXHQFHV��)HUQDQGHV��2NL��

6DQFKH]�$]RIHLID��)DFFLRQ��	�$PDUR�$UUXGD��������

and leaf nutrient content such as chlorophyll.

Understand the abundance and diversity of 

HQGRSK\WLF�IXQJL�RQ�DSSOH�OHDYHV�LV�WKH�NH\�WR�NQRZ�LQ�

the ecology and the association between endophytic 

fungi and plants. The research of endophytic fungi 

KDYH� EHHQ� PDQ\� GHYHORSHG� NQRZOHGJH� DERXW�

LQÀXHQFH�RI�SODQW�UHVLVWDQFH�WR�FOLPDWH��SDWKRJHQV�

and insect pests. Endophytic fungi that colonize 

a host plant will affect the presence of insects, 

especially pest insects into the host. Endophytic 

fungi Nigrospora oryzae and Cladosporium 

Arenicola isolated from plant Tinospora cordifolia 

able to suppress the development of the larvae of 

Spodoptera litura� �7KDNXU�� 6LQJK�� .DXU�� 	� .DXU��

2014). In addition, endophytic fungi are also capable 

of inhibiting pathogens thus showing potential as a 

biocontrol agent (López-González et al., 2017). The 

LPSRUWDQW�UROH�FDQ�EH�LQÀXHQFHG�E\�DEXQGDQFH�DQG�

diversity of endophytic fungi in the ecosystem as a 

whole.
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ABSTRACT 

Endophytic fungi have roles to protect the plant from herbivorous 

insects and diseases, and to support the absorption process of nutrients 

needed by plants for photosynthesis. Related to the important role of 

endophytic fungi, research was aimed to identify fungal endophytes 

associated with young, mature and old leaves on apple and to evaluate 

the effect of leaf ages on the abundance and diversity of endophytic 

IXQJL�� 7KH� UHVHDUFK�ZDV� FRQGXFWHG� LQ� %LRORJLFDO� &RQWURO� /DERUDWRU\��

'HSDUWPHQW� RI� 3ODQW� 3HVWV� DQG� 'LVHDVHV�� )DFXOW\� RI� $JULFXOWXUH��

8QLYHUVLWDV� %UDZLMD\D� IURP� 0D\� WR� 6HSWHPEHU� ������ $SSOH� OHDYHV�

VDPSOLQJ� ZDV� GRQH� GLDJRQDOO\�� DQG� WDNHQ� IURP� QLQH� DSSOH� WUHHV��

%DVHG� RQ� PDFURVFRSLF� DQG� PLFURVFRSLF� FKDUDFWHULVWLFV�� ��� LVRODWHV�

ZHUH� LGHQWL¿HG�� ,Q� WKH� ROG� DSSOH� OHDYHV�� LW� REWDLQHG� ��� LVRODWHV� WKDW�

consisted of 5 genera, mature leaves obtained 14 isolates consisted of 

��JHQHUD��DQG�\RXQJ�OHDYHV���LVRODWHV�REWDLQHG�FRQVLVWV�RI���JHQHUD��

The mature leaves have highest abundance and diversity of endophytic 

fungi compared to young and old leaves. Endophytic fungi apple leaf 

dominated by Aspergillus. 0DWXUH�DQG�\RXQJ�OHDYHV�ZHUH�GLIIHUHQW�IURP�

ROG�RQH�EDVHG�RQ�%UD\�&XUWLV�VLPLODULW\�
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Apple as one of popular fruit in Indonesia, is 

cultivated in the highlands of Indonesia such as in 

%DWX�&LW\��2QH�REVWDFOH� LV� WKH�FXOWLYDWLRQ�RI�DSSOH�

pests and diseases. Pests and diseases occurs 

after the leaves removed. Endophytic fungi of apple 

OHDYHV� LQ�%UD]LO� DUH�Alternaria sp., Botryosphaeria 

sp., Cladosporium sp., Colletotrichum sp., 

Epicoccum sp., Fusarium sp., and Xylaria sp. 

(Camatti-Sartori et al., 2005). Endophytic fungi have 

roles to protect the plant from herbivorous insects 

and diseases, to support the absorption process 

of nutrients needed by plants for photosynthesis. 

0HDQZKLOH��WKH�UHVXOWV�RI�SODQW�SKRWRV\QWKHVLV�FDQ�

be used fungus for life sustainability. Related to the 

important roles of endophytic fungi on a host plant, 

this research aimed to identify fungal endophytes 

associated with young, mature and old leaves on 

apple and to evaluate the effect of leaf ages on the 

abundance and diversity of endophytic fungi.

MATERIALS AND METHODS

Sampling and Isolation of Endophytic Fungi

Sampling was conducted on apple orchard 

LQ� %XPLDML� 9LOODJH�� %XPLDML� 6XEGLVWULFWV�� %DWX� &LW\�

�&RRUGLQDWHV�� 6� ����¶����´� DQG� (� ������¶����´���

DOWLWXGH� ����� P� DERYH� VHD� OHYHO� �PDVO��� ,VRODWLRQ�

DQG� LGHQWL¿FDWLRQ� FRQGXFWHG� LQ� %LRORJLFDO� &RQWURO�

Laboratory of Department of Pests and Plant Diseases, 

)DFXOW\� RI� $JULFXOWXUH�� 8QLYHUVLWDV� %UDZLMD\D�� 7KH�

VWXG\�ZDV�FRQGXFWHG�IURP�0D\�WR�6HSWHPEHU������

)RU�VDPSOLQJ�SXUSRVHV��QLQH�DSSOH�WUHHV�ZHUH�

done diagonally that leaves samples drawn more 

HTXDOO\�� (DFK� RQH� WUHH� WDNHQ� �� OHDYHV�� �� OHDYHV�

ZHUH�WDNHQ�IURP�WKH�\RXQJ�OHDYHV�RI�WKH�VHTXHQFH�

QXPEHU� �� RI� VKRRWV�� ��PDWXUH� OHDYHV�ZHUH� WDNHQ�

from the leaves of the sequence number 4 of 

VKRRWV��DQG���ROG�OHDYHV�ZHUH�WDNHQ�IURP�WKH�OHDYHV�

RI�WKH�VHTXHQFH�QXPEHU���RI�VKRRWV��7KHUH�ZHUH����

strands of total leaf samples. Parts of plants were 

WDNHQ�WR�WKH�H[SORUDWLRQ�SURFHVV�ZHUH�LQ�D�KHDOWK\�

condition. Leaf samples were collected in an 

HQYHORSH�DQG�WDNHQ�WR�D�ODERUDWRU\�WR�EH�LVRODWHG�

Early stages of isolation to prepared a leaves 

sample apple was washed with running water until 

clean of dirt, then dried on sterile wipes. Sterilization 

XVLQJ� PHWKRG� RI� *UHHQ¿HOG� HW� DO�� ������� ZKLFK�

OHDYHV�VRDNHG�LQ�WKH�VROXWLRQ�RI�������1D2&O�IRU���

PLQXWHV�������DOFRKRO�IRU���PLQXWH�DQG�ULQVHG�ZLWK�

VWHULOH�GLVWLOOHG�ZDWHU� IRU��� WLPHV�HDFK����VHFRQGV�

and then dried using sterile wipes. Each leaf was cut 

��FP�[���FP�DV�PXFK�DV���OHDI�SLHFHV��VR�WKH�3HWUL�

GLVK�FRQWDLQHG��� OHDI�SLHFHV��7KHQ�D� OHDI�VDPSOHV�

ZHUH�LVRODWHG�LQ�D�6DEDXUDXG�'H[WURVH�$JDU�<HDVW�

PHGLD� �6'$<�� LQ� �� FP� GLDPHWHU� 3HWUL� GLVKHV� DQG�

FRGHG��0DWHULDOV�IRU�WKH�PDQXIDFWXUH�RI�PHGLD�6'$<�

QDPHO\�GH[WURVH����J��SHSWRQH�����J��WR����J��\HDVW�

H[WUDFW� ���� J�� FKORUDPSKHQLFRO� ���� J� DQG� GLVWLOOHG�

ZDWHU���O��/DVW�ULQVH�RI�GLVWLOOHG�ZDWHU�ZDV�WDNHQ���PO�

DQG� LVRODWHG� LQ�D�QHZ�6'$<�PHGLD�� WKLV� WUHDWPHQW�

was used as an insulating material sterility testing of 

microorganisms other than endophyte.

,GHQWL¿FDWLRQ�RI�WKH�,VRODWHV

,GHQWL¿FDWLRQ� RI� LVRODWHV� PRUSKRORJLFDO�

PDFURVFRSLF� DQG� PLFURVFRSLF�� ,GHQWL¿FDWLRQ� ZDV�

GRQH�DW� WKH�JHQXV� OHYHO��2EVHUYDWLRQV�ZHUH�PDGH�

every day for 7 days after the inoculation, if found 

QHZ� FRORQLHV� WKDW� JURZ� VR� GR� WKH� SXUL¿FDWLRQ� RI�

WKH�QHZ�6'$<�PHGLD��6XEFXOWXUH�����0DFURVFRSLF�

LGHQWL¿FDWLRQ� ZDV� GRQH� E\� REVHUYLQJ� WKH�

macroscopic characteristics includes color colony, 

FRORQ\�VXUIDFH�WH[WXUH��GLDPHWHU�DQG�FRORQLHV�IRUP��

0LFURVFRSLF�LGHQWL¿FDWLRQ�ZDV�GRQH�E\�WDNLQJ�PRVW�

isolates selected using a needle ose then placed 

RQ�DQ�REMHFW�JODVV�DQG�FORVHG�ZLWK�D�FRYHU�JODVV��

2EVHUYDWLRQV�ZHUH�PDGH�XQGHU�D�PLFURVFRSH�ZLWK�

parameters including hyphae (sectional or not and 

branched or not), the shape of conidiophores, 

FRQLGLD��VKDSH�DQG�VL]H��DQG�VSHFL¿F�FKDUDFWHULVWLFV�

to determine the type of fungus by using reference 

ERRNV�Illustrated Genera of Imperfect Fungi.

Statistical Analysis

Abundance of Endophytic Fungi

The rate of colonization percentage of 

endophytes was calculated by using equation 1 

�&KRXJXOH�	�$QGRML��������

5DWH�RI�FRORQL]DWLRQ������������������[������������������������

ZKHUH��16&6)�LV�1XPEHU�RI�6HJPHQWHG�&RORQL]HG�

E\� 6LQJOH� )XQJXV�� 7162� LV� 7RWDO� 1XPEHU� RI�

Segmented observed 

Diversity of Endophytic Fungi 

Several indices to describe alfa diversity such 

DV� 6LPSVRQ� ,QGH[�� VSHFLHV� GLYHUVLW\� LQGLFHV� DQG�

species Evenness indices were calculated (Habib, 

+HVKPDWL��	�6LURRVL��������6KDQQRQ��������7DUQR��

6HSWLD��	�$LQL���������6LPSVRQ� LQGH[� �'��� VSHFLHV�

diversity indices (H’) and Species Evenness 

LQGLFHV��(��ZHUH�GHVFULEHG�LQ�(TXDWLRQ�������DQG���

respectively

TNSO

NSCSF
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                    .............................................. (2)

����������������������������������������������������������������������

5HPDUNV�� 6LPSVRQ� LQGH[�� LQGH[� RI� VSHFLHV� GLYHUVLW\��

proportion of individuals of species i in the community, 

number of species in the sample, and logarithm are D, H’, 

Pi, S and log respectively.

             ..................................................... (4)

5HPDUNV�� LQGH[� RI� VSHFLHV� GLYHUVLW\�� H[SRQHQWLDO�

logarithm, and proportion of individuals of species are H’, 

ln and S, respectively. 

9DOXH� RI� 6KDQQRQ�:LQQHU� ,QGLFHV� �+¶�� DUH�

describes as low level of diversity (with value <1), 

low individual distribution of each species, middle 

OHYHO� RI� GLYHUVLW\� ������� PLGGOH� OHYHO� RI� LQGLYLGXDO�

distribution for each species, and high level of 

GLYHUVLW\��!����KLJK�OHYHO�RI�LQGLYLGXDO�GLVWULEXWLRQ�IRU�

HDFK�VSHFLHV��7DUQR��6HSWLD��	�$LQL��������

%DVHG�RQ�YDOXH�RI�(YHQQHVV�LQGH[��WKHUH�DUH�

three categories i.e.: low (0.00<E<0.50) described 

as under pressure community, medium level 

(0.50<E<0.75) described as unstable community, 

and high level (0.75<E<1.00) described as stable 

community. In addition, beta diversity was also 

FDOFXODWHG� E\� XVLQJ� %UD\�&XUWLV� VLPLODULW\� LQGH[� WR�

describe similarity between three different of ages 

of leaf on apple based on all observed endophytic 

fungal species. Alfa and beta diversities were 

FDOFXODWHG�E\�XVLQJ�9HJDQ�SDFNDJH�RI�5�6RIWZDUH�

�5�&RUH�7HDP���������

RESULTS AND DISCUSSION 

Abundance Endophytic Fungi

6L[� RI� HQGRSK\WLF� IXQJDO� JHQHUD� ZHUH�

LGHQWL¿HG�IURP�ROG��PDWXUH��DQG�\RXQJ�DSSOH�OHDYHV�

i.e.: Aspergillus, Penicillium, Fusarium, Acremonium, 

Curvularia and Alternaria. The results showed that, 

in the old apple leaves, it obtained 17 isolates that 

FRQVLVWHG�RI�¿YH�JHQHUD��PDWXUH�OHDYHV�REWDLQHG����

LVRODWHV�FRQVLVWHG�RI�VL[�JHQHUD��DQG�\RXQJ�OHDYHV���

isolates obtained consists of two genera. Abundance 

of endophytic fungi on host plants affected by the 

isolated organ, the sampling locations and age of 

leaves. Abundance of endophytic fungi obtained 

from a sample of leaves colonized endophytic fungi, 

endophytic fungi colonization percentage and the 

percentage of total colonization of endophytic fungi.

Each leaves sample with different criteria 

namely the old, mature and young apple leaves 

colonized types of endophytic fungi were different 

�)LJ�� ���� &RORQL]DWLRQ� RI� HQGRSK\WLF� IXQJL� YDULHV�

DFFRUGLQJ� WR� OHDI� DJH� �6DQFKH]�$]RIHLID�� 2NL��

)HUQDQGHV��%DOO��	�*DPRQ���������Aspergillus sp. 1 

and Aspergillus�VS����VDPSOHV�FRORQL]HG�ROG��PDWXUH�

and young apple leaves. Aspergillus sp. 2 colonized 

the old and mature leaves samples. Penicillium sp. 

1, Penicillium sp. 2, Fusarium sp. 1, Acremonium 

sp. 1, and Curvularia sp. 1 colonized the old 

leaves sample. Penicillium VS�����Penicillium sp. 4, 

Fusarium sp. 2, Acremonium sp. 2, Acremonium sp. 

���Curvularia sp. 2, and Alternaria sp. 1 colonized 

WKH�PDWXUH�OHDYHV�VDPSOH��0HDQZKLOH��Alternaria sp. 

2 and Alternaria�VS����FRORQL]HG�WKH�\RXQJ�OHDYHV�

Aspergillus sp. 1 was found in all ages of leaf 

samples with the highest population. Aspergillus 

VS�� �� DQG� A. sp.2 followed based on population 

RI� VSHFLHV� �)LJ������ ,W¶V� UHODWHG� WR� UHSRUW� RQ�SDGG\�

that Aspergillus is one of the most recovered 

JHQXV��=DNDULD��<DDNRS��6DOOHK��=DNDULD��	�3LQDQJ��

2010). In addition, Fusarium was the most common 

endophytic fungal genus recovered on paddy, 

followed by Aspergillus, Curvularia, Penicillium, 

Gilmaniella and Arthrobotrys foliicola� �=DNDULD��

<DDNRS��6DOOHK��=DNDULD��	�3LQDQJ�������. In case 

of Fusarium and Curvularia had the commonly 

RFFXUUHQFHV� LQ� WKH� VHHGV� �=DNDULD�� <DDNRS��

6DOOHK��=DNDULD��	�3LQDQJ�������. Aspergillus spp., 

Penicillium spp., Fusarium spp., and Acremonium 

spp. were reported found on Pterocarpus indicus 

�7DUQR��6HSWLD��	�$LQL��������
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Fig. 1.�3RSXODWLRQ�RI�FRORQL]HG�HQGRSK\WLF�IXQJL�LQ�HDFK�DJH�RI�OHDI��Aspergillus sp1 (Asp.1), Aspergillus sp2 

(Asp.2), Aspergillus�VS���$VS�����Penicillium sp1 (Pen.1), Penicillium sp2 (Pen.2), Penicillium�VS���3HQ�����

Penicillium sp4 (Pen.4), Fusarium�VS���)XV�����Fusarium�VS���)XV�����Acremonium sp1 (Acr.1), Acremonium 

sp2 (Acr.2), Acremonium�VS���$FU�����Curvularia sp1 (Cur.1), Curvularia sp2 (Cur.2), Alternaria sp1 (Alt.1), 

Alternaria sp2 (Alt.2), and Alternaria�VS���$OW����

Fig. 2.�%R[SORW�RI�SRSXODWLRQ�RI�HDFK�HQGRSK\WLF� IXQJXV�VSHFLHV�RQ�DOO�DJHV�RI� OHDYHV��Aspergillus sp1 

(Asp..1), Aspergillus sp2 (Asp.2), Aspergillus�VS���$VS�����Penicillium sp1 (Pen.1), Penicillium sp2 (Pen.2), 

Penicillium�VS���3HQ�����Penicillium sp4 (Pen.4), Fusarium�VS���)XV�����Fusarium�VS���)XV�����Acremonium 

sp1 (Acr.1), Acremonium sp2 (Acr.2), Acremonium� VS�� �$FU�����Curvularia sp1 (Cur.1), Curvularia sp2 

(Cur.2), Alternaria sp1 (Alt.1), Alternaria sp2 (Alt.2), and Alternaria�VS���$OW����

Species
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Endophytic fungal species
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Percentage colonization of endophytic fungi 

in old, mature and young apple leaves can be seen 

RQ�)LJ�����,Q�WKH�ROG�OHDYHV�REWDLQHG�¿YH�JHQHUD�DUH�

Aspergillus, Penicillium, Fusarium, Acremonium 

and Curvularia.� ,Q� WKH� PDWXUH� OHDYHV� REWDLQ� VL[�

genera are Aspergillus, Penicillium, Fusarium, 

Acremonium, Curvularia and Alternaria��:KLOH� WKH�

young leaves obtained two genera are Aspergillus, 

and Alternaria. Colonization of endophytic fungi 

genus Aspergillus in old, mature and young apple 

OHDYHV� VKRZHG� WKH� KLJKHVW� SHUFHQWDJH� �)LJ�� ����

Colonization of endophytic fungi on old, mature and 

young apple leaves showed their dominance of the 

genus Aspergillus. In this study, samples of old, 

mature and young apple leaf isolated endophytic 

fungi have different total colonization. The results 

showed that the mature apple leaves have the 

KLJKHVW� SHUFHQWDJH� RI� WRWDO� FRORQL]DWLRQ� RI� ������

��� IROORZHG�E\������RI� WKH�ROG� OHDYHV�DQG�\RXQJ�

OHDYHV� ��������� ,W� VKRZV� WKDW� WKH�PDWXUH� OHDYHV�

were higher compared to the old and young apple 

leaves based on colonization or abundance. The 

FRORQL]DWLRQ� LV� LQÀXHQFHG� E\� WKH� DJH� RI� OHDYHV��

Abundance and diversity of endophytic fungal 

species increases with increasing leaf age (López-

González et al., 2017). 

Diversity of Endophytic Fungi

Diversity of endophytic fungal species 

ZDV� DQDO\]HG� E\� XVLQJ� 6KDQQRQ�:LQQHU� �+¶�� DQG�

6LPSVRQ�'LYHUVLW\�,QGH[HV��'���,Q�DGGLWLRQ��(YHQQHVV�

LQGH[��(��ZDV�DOVR�XVHG�WR�DQDO\]H�GLYHUVLW\���������

and 7 isolates of endophytic fungi collected from 

PDWXUH��ROG�DQG�\RXQJ�OHDYHV�UHVXOWHG�VL[��¿YH�DQG�

two endophytic fungal genera, respectively.

%DVHG� RQ� +¶�� PDWXUH� DQG� \RXQJ� OHDYHV�

resulted the highest (more than 2.0) and lowest 

YDOXHV� �PRUH� WKDQ� ����� �)LJ�� ���� 0DWXUH�� ROG� DQG�

\RXQJ�OHDYHV�SURGXFHG�LQGH[¶V�YDOXH�EHWZHHQ���DQG�

���DQG�LW¶V�PHDQ�WKDW�GLYHUVLWLHV�RQ�HDFK�DJH�RI�OHDI�

on the middle level of diversity status (middle level 

of individual distribution for each species) (Tarno, 

6HSWLD�� 	� $LQL�� ������� (YHQQHVV� LQGH[� VKRZHG�

that all three ages of leaf produced the high value 

(more than 0.75) or stable communities. H’, D and E 

LQGH[HV�VKRZHG�WKDW�DOO�DJHV�RI�OHDYH�RQ�WKH�PLGGOH�

level diversity and stable communities.

Endophytic fungal species
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Fig. 3.� 3HUFHQWDJH� RI� HQGRSK\WLF� IXQJL� FRORQL]DWLRQ��Aspergillus sp1 (Asp.1), Aspergillus sp2 (Asp.2), 

Aspergillus�VS���$VS�����Penicillium sp1 (Pen.1), Penicillium sp2 (Pen.2), Penicillium�VS���3HQ�����Penicillium 

sp4 (Pen.4), Fusarium� VS�� �)XV�����Fusarium� VS�� �)XV�����Acremonium sp1 (Acr.1), Acremonium sp2 

(Acr.2), Acremonium� VS�� �$FU�����Curvularia sp1 (Cur.1), Curvularia sp2 (Cur.2), Alternaria sp1 (Alt.1), 

Alternaria sp2 (Alt.2), and Alternaria�VS���$OW����
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Abundance and diversity of endophytic fungi 

from mature leaves higher than the old and young 

leaves of apple allegedly relates to compounds 

of photosynthesis that supports the growth and 

development of endophytic fungi. Getting old apple 

OHDYHV� DUH� JUHHQ�� JUHHQ� OHDYHV� WHQG� WR� ODFN� WKH�

chlorophyll higher than young leaves. The higher the 

content of chlorophyll in the leaves, the higher the 

rate of photosynthesis. Results of photosynthesis 

used  for plant growth and development but it is 

also used endophytic fungi to survive in the plant 

tissue.Thus, the leaves have a higher chlorophyll 

FRQWHQW� LV� FKDUDFWHUL]HG� E\� GDUN� JUHHQ� FRORU�� WKH�

number and types of endophytic fungi on the leaves 

higher. Hilarino et al. (2011) in his study claimed 

that differences in the composition of endophytic 

fungi on the leaves of Bauhinia brevipes�LQÀXHQFHG�

by the age of the leaf. The leaves are aging tend 

to receive more nutrients, so the old leaves to get 

more chlorophyll, leaf color more green old age. 

Fig. 4. Total percentage of colonization of endophytic fungi

Fig. 5. Diversity indices of endophytic fungi on three ages of leaf
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)HUQDQGHV�� 2NL�� 6DQFKH]�$]RIHLID�� )DFFLRQ�� 	�

Amaro-Arruda (2011) adds that the old leaves 

more favorable to the colonization of the fungus, 

OHDI� ELRFKHPLFDO� FKDQJHV� LQÀXHQFH� DIIHFWLQJ� WKH�

distribution of endophytic colonization. Endophytic 

fungi are mutualistic symbiosis with the host 

plant. Endophytic fungi help the absorption of 

nutrients needed by plants for photosynthesis and 

photosynthesis results can be used fungi in order to 

survive. Abundance and diversity of endophytic fungi 

in old leaves lower than mature leaves, old leaves 

suspected decreased chlorophyll content so that 

colonization of endophytic fungi that are in the old 

leaves is reduced. Decreased levels of chlorophyll 

in the leaves affects the rate of photosynthesis, 

photosynthetic rate lower if the compounds that 

plants need and endophytic fungi on the wane. 

Plant and fungal endophyte can’t absorb the 

nutrients optimally. Endophytic fungi survive in host 

SODQWV�DUH�LQÀXHQFHG�E\�HQYLURQPHQWDO�IDFWRUV�VXFK�

as temperature and humidity, chemicals and leaf 

anatomic structures. Thus, affects the abundance 

and diversity of endophytic fungi (Sanchez-Azofeifa, 

2NL��)HUQDQGHV��%DOO��	�*DPRQ���������&KDQJHV�LQ�

endophytic fungi communities are related to leaf 

DJH� �)HUQDQGHV�� 2NL�� 6DQFKH]�$]RIHLID�� )DFFLRQ��

	�$PDUR�$UUXGD�� ������ +LODULQR� HW� DO��� ������ DQG�

HYHQ�WR�SODQW� WLVVXH�W\SHV��6DQFKH]�$]RIHLID��2NL��

)HUQDQGHV��%DOO��	�*DPRQ���������0DQ\�ELRWLF�DQG�

abiotic factors are involved in colonization, including 

chemical and plant structure (Sanchez-Azofeifa, 

2NL�� )HUQDQGHV�� %DOO�� 	� *DPRQ�� ������� DQG�

environmental conditions where endophytic fungi 

DUH� SUHVHQW� �)HUQDQGHV�� 2NL�� 6DQFKH]�$]RIHLID��

)DFFLRQ��	�$PDUR�$UUXGD��������

Endophytic fungi in addition to helping 

the plant in the absorption of nutrients, it also 

protects the plants against pathogens and insect 

herbivores. Plant defense system is stronger when 

various types of endophytic fungi are mutualistic 

V\PELRVLV�ZLWK�SODQWV��0DQ\� UHSRUWV�RI�HQGRSK\WLF�

fungi are mutualistic to the plant than endophytes 

are pathogen. Host plant and endophytic fungi 

mutualism association by way of endophytic 

fungi obtain nutrients and survive in plants tissue, 

while the host plants get nutrients in the defense 

system, growth, and reproduction. Thus, leaves 

that have an abundance and diversity of high 

endophyte fungus is thought to have an important 

DQG�EHQH¿FLDO�UROH�RI�KRVW��&RPSRXQGV�P\FRWR[LQV�

produced by endophytic fungi, capable of being 

weapons of host defense against insect herbivores 

and pathogens. Although endophytic fungi cannot 

GLUHFWO\� NLOO� LQVHFW� KHUELYRUHV�� EXW� FDQ� VXSSUHVV�

the presence of insect herbivores on host plants. 

According Irmawan (2007) stated that endophytic 

IXQJL� RQ�SODQWV� JUDVVHV�SURGXFH�P\FRWR[LQV� VXFK�

DV� DONDORLGV� FDSDEOH� RI� SURWHFWLQJ� WKH� KRVW� IURP�

DWWDFN� KHUELYRURXV� LQYHUWHEUDWHV�� QHPDWRGHV� DQG�

pathogens. Endophytic fungi as bio indicators 

of the health of plants, endophytic fungi that 

FRORQL]H� D� KRVW� SODQW� ZLOO� DIIHFW� WKH� H[LVWHQFH� RI�

herbivorous insects and pathogens. An important 

UROH� LV� LQÀXHQFHG� E\� WKH� GLYHUVLW\� DQG� DEXQGDQFH�

of endophytic fungi in host. Endophytic fungi 

Nigrospora oryzae and Cladosporium Arenicola 

isolated from plant Tinospora cordifolia able 

to suppress the development of the larvae of 

Spodoptera litura� �7KDNXU�� 6LQJK�� .DXU�� 	� .DXU��

2014). Endophytic fungi were able to suppress the 

presence of plant pathogens, fungal endophyte 

usually antagonistic to plant pathogenic fungi. Test 

antagonistic endophytic fungi Hyalodendron sp. 

and Cephalosporium sp. derived from potato plants 

could reduce Phytophthora infestans� DWWDFNV� E\�

��������DQG����������7LUWDQD��6XOLVW\RZDWL��	�&KROLO��

�������(QGRSK\WLF�IXQJL�KDYH�EHHQ�FRQVLGHUHG�DV�D�

promising source for the development of biological 

control agents. In addition, the endophytic fungi 

lately also reportedly able to produce metabolites 

ZKLFK� VHUYHG� WR� SURWHFW� KRVW� SODQWV� IURP� H[WUHPH�

environmental conditions and can promote plant 

growth. Endophytic fungi produce phytohormones 

VXFK�DV� LQGROH���DFHWLF� DFLG� �,$$��� F\WRNLQHV�� DQG�

other growth promoters’ compound. Endophytic 

fungi produces an antifungal antibiotic as 

pathogenic to humans is Candida albicans and 

Trichopyton� VSS�� SDFOLWD[HO� DQG� LWV� GHULYDWLYHV� DUH�

XVHIXO�DV�DQWLFDQFHU�VXEVWDQFH�ZDV�¿UVW�GLVFRYHUHG�

LQ� HQGRSK\WLF� PLFURRUJDQLVPV�� 3DFOLWD[HO� LV� D�

GLWHUSHQRLG� FRPSRXQG� REWDLQHG� LQ� 7D[XV� SODQWV��

(QGRSK\WLF� IXQJL� EHQH¿W� KRVW� SODQWV� E\� SURGXFLQJ�

VHFRQGDU\� ELRDFWLYH� PHWDEROLWHV� �0HL� 	� )OLQQ��

2010).
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Endophytic fungi of the genus Aspergillus 

predominantly found in old, mature and young apple 

OHDYHV�� $UL\RQR�� 'MDXKDUL�� 	� 6XOLVW\RZDWL� �������

VWDWHV�WKDW�WKH�NDOH�OHDYHV�ODQG�LQ�RUJDQLF�¿HOGV�DUH�

dominated by the genus Aspergillus. Aspergillus 

sp. is a cosmopolitan fungi has a wide host range, 

being in nature as a saprophyte fungi, parasites and 

VSRUHV� FDQ� HDVLO\� VSUHDG� WKURXJK� WKH� DLU�� )XQJXV�

Penicillium sp., Fusarium sp., Acremonium sp. and 

Curvularia sp., found on old leaves and mature, but 

not found in young leaves apple. Endophytic fungi 

Fusarium sp., Penicillium sp., and Curvularia sp. 

endophyte found in the leaves of potato (Tirtana, 

6XOLVW\RZDWL�� 	� &KROLO�� ������� :KLOH�� DFFRUGLQJ�

to Hilarino et al. (2011), states that the fungus 

endophyte Acremonium sp. obtained from the leaves 

Bauhinia brevipes��)XQJXV�Alternaria sp., found in 

the mature leaves and young but not found on old 

leaves apple. Camatti-Sartori et al. (2005) states 

that the endophytic fungus Alternaria sp. reported as 

DQ�HQGRSK\WH�LQ�DSSOH�OHDYHV�LQ�%UD]LO��(QGRSK\WLF�

fungi obtained from old, mature and young apple 

leaves have different types as it relates to micro 

ecological and physiological condition of each leaf 

that supports the growth of endophytic fungi, thus 

affecting the number and types of endophytic fungi 

were found. Endophytic fungi isolated from old, 

mature and young apple leaves has a type and the 

QXPEHU�RI�GLIIHUHQW�LVRODWHV��DOOHJHGO\�LQÀXHQFHG�E\�

the survivability of endophytic fungi against micro 

ecological and physiological condition of each leaf.

Endophytic fungi survive in host plants 

DUH� LQÀXHQFHG� E\� HQYLURQPHQWDO� IDFWRUV� VXFK� DV�

temperature and humidity, chemicals and leaf 

anatomic structures. Thus, it affects the abundance 

and diversity of endophytic fungi (Sanchez-Azofeifa, 

2NL�� )HUQDQGHV�� %DOO�� 	� *DPRQ�� ������� 7KH�

abundance and diversity of endophytic fungi in host 

plants illustrates the components of biodiversity. In 

addition, as bio indicators of the health of plants. Each 

host plants have diverse environmental conditions 

for growing a fungal endophyte. In almost all tissues 

of healthy plants are endophytic microorganisms 

WKDW� FRORQL]H�� 0DQ\� VWXGLHV� VXJJHVW� EHQH¿WV� RI�

colonization of endophytic fungi in plant tissues 

such as strengthening plant resistance to insect 

KHUELYRUHV�� SDWKRJHQV�� GHIHQVH� DJDLQVW� H[WUHPH�

weather, produces growth regulators, antibiotics, 

DQWLFDQFHU� DQG� DQWLR[LGDQW�� +RZHYHU�� VR� IDU� WKH�

interaction of each type of endophytic fungi that 

colonize a host plant has not been clearly reported. 

Several types of endophytic fungi that colonize a 

host plant allegedly symbiotic mutualism, so as to 

protect crops from adverse environmental effects.

%UD\±&XUWLV� VLPLODULW\� ZDV� DGRSWHG� LQ� WKLV�

analysis to evaluate the similarity between all ages of 

leaf. It was widely employed in multivariate analysis 

of assemblage data, for sound biological reasons 

�&ODUNH��6RPHU¿HOG��	�&KDSPDQ���������%DVHG�RQ�

)LJ�����WKHUH�DUH�WZR�FOXVWHUV�RI�GLYHUVLW\�EHWZHHQ�DOO�

WKUHH�DJHV�RI�OHDI��0DWXUH�DQG�\RXQJ�OHDYHV�DUH�RQ�

the same cluster, and it showed different from old 

leaves. Composition of endophyte fungal species 

between mature and young leaves were different to 

the old one.

CONCLUSION

The mature leaves have highest abundance 

and diversity of endophytic fungi compared to young 

and old leaves. In the old apple leaves, it obtained 

17 isolates that consisted of 5 genera, mature 

OHDYHV�REWDLQHG����LVRODWHV�FRQVLVWHG�RI���JHQHUD��

Fig. 6. Similarity analysis of three ages of leaf based on its endophytic communities
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and young leaves 7 isolates obtained consists of 

2 genera. Aspergillus sp. dominated on all ages of 

DSSOH�OHDI��0DWXUH�DQG�\RXQJ�OHDYHV�ZHUH�GLIIHUHQW�

IURP�ROG�RQH�EDVHG�%UD\�&XUWLV�VLPLODULW\�
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