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Abstract
There are the richest collections of palm leaf manuscripts in Potala Palace of Tibet 
in China; they represent very precious cultural heritage with both literature and 
research value. The study reported in this paper has selected the original palm leaf 
manuscripts and the photocopies of palm leaf manuscripts in Potala Palace as inves- 
tigation objects randomly. The investigation of damage status focuses on both media 
(palm leaves) and handwriting. Results show 11 kinds of deterioration of palm leaf 
manuscripts. They can be divided into three categories based on the frequency and 
destructiveness of deterioration: major, minor and occasional deterioration. The pur- 
pose of grading is to take targeted measures according to the degree of damage. 
Restoration and preservation of palm leaf manuscripts in the Potala Palace are rela- 
tively complicated because of minimal research on the restoration of palm leaf man- 
uscripts. There are few stable and mature restoration methods that would be used for 
damaged manuscripts. It is very important to find out the most suitable method for 
seriously damaged palm leaves before making a restoration plan in order to prior- 
itize appropriately and facilitate long-term preservation and utilization. This study 
analyzes and demonstrates the feasibility of the restoration techniques for the most 
damaged, thus laying a foundation for comprehensive practices of the preservation 
and restoration of the palm leaves in the Potala Palace.

http://orcid.org/0000-0002-4910-6231
http://crossmark.crossref.org/dialog/?doi=10.1007/s10502-021-09383-y&domain=pdf
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Introduction

 

 
 
 
 
 
 
 
 
 
 
 

The Department of Potala Palace Management is responsible for collecting 
and caring for the collections. It was founded in 1988, by the Tibet Autonomous 
Region Cultural Heritage Administration. The Cultural Heritage Research Sec-
tion within the Department of Potala Palace Management is responsible for the 
preservation and restoration of the collections. In 2009, the storage environment 
for palm leaf manuscripts was improved, and they were moved to a special venti-
lated room with protection against light, fire and theft.

 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 

Potala Palace is known as “the treasure house of Tibetan history, culture, and art” 
for its unique architecture and numerous cultural relics. As the political and cul- 
tural center in Tibet, there are nearly 40,000 volumes of precious ancient books 
in Chinese, Tibetan, Manchu, Mongolian, Sanskrit and other languages in the 
Potala Palace, covering all forms of Tibetan ancient books. Palm leaf manuscripts 
from ancient India and other places are one of their special collections. The palm 
leaf manuscript gets its name because of its carrier material—palm leaf, and its 
contents are primarily Buddhist scriptures. Many palm leaf manuscripts in Potala 
Palace are important Sanskrit origin texts. Most of them are over 700 years old, 
the oldest being over 1000 years old. They have extremely high literature and 
research value and represent a significant component in world cultural heritage. 
In 2006, local government embarked on a project to protect the Tibetan Sanskrit 
palm leaf manuscripts. All the palm leaf manuscripts in Potala Palace have been 
registered and cataloged, and all of them are digitized.
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 The palm leaf manuscripts storage room on the ground building, and it is sur- 
rounded by walls without windows and illuminated by lamps without UV emis- 
sion. According to Standard for the Repository of Ancient Books and Special 
Collection of Library, the recommended temperature for storage room is between 
16 and 22 °C, and the relative humidity is between 45 and 60%. The temperature 
in the Potala Palace storage room is between 18 and 22 °C all year, and the rela- 
tive humidity is kept at 45–50%. In addition, there are alarm systems, monitoring 
equipment and fire-fighting equipment. There is no air-conditioning system in the 
storage room because the air quality in Lhasa is clean, and there is almost no air 
pollution.
 The Potala Palace palm leaf manuscripts are wrapped in three layers, namely 
acid-free paper (Potala Palace sta believe that wrapping palm leaf manuscripts 
with acid-free paper will provide moisture protection), silk (silk is specially 
soaked with Tibetan medicine and protects against insects) and yellow cotton 
cloth (yellow cotton cloth can prevent dust). Then, the manuscripts are bound 
tightly with wrapping tape to fix the manuscripts and prevent palm leaves from 
scattering or rubbing against each other. Finally, the manuscripts are placed in 
between two wooden boards slightly larger than the manuscripts. In addition, cus- 
tomized camphor wood boxes are used for storage.
 Despite these preservation measures some manuscripts are inevitably aging 
and deteriorating. Therefore, it is necessary to investigate the preservation status 
of manuscripts and take adequate measures to prevent manuscripts from further
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deterioration. This research is not based on pre-existing assessments. Based on 
the investigation of the status of palm leaf manuscripts in Potala Palace, this 
research analyzes the frequency and degree of deterioration and divides the dete-
rioration into three types: major, minor and occasional deterioration. This paper 
focuses on demonstrating the feasibility of the repair technology for major dete-
rioration, providing a foundation for the comprehensive preservation and restora-
tion of palm leaf manuscripts in Potala Palace.

 

               
            

           
           
              

          
            

            
           

           
             

           
             

           
              

               
          

            
             

            
              

            
              

             
              

             
            
  

 

There is a body of literature that has discussed the deterioration of palm leaf manu- 
scripts. Gupta (1974) categorized the causes of deterioration as physical and chemi- 
cal damage, improper storage and other factors. Prajapati (1995) mentioned that 
climatic factors, pollution factors and biological damage were the factors causing 
damage to palm leaf manuscripts. Joshi (1995) pointed out that palm leaf was very 
susceptible to deterioration caused by temperature, relative humidity and biodegra- 
dation. Dean (1999) observed that palm leaf manuscripts were susceptible to dam- 
age (insect staining, splitting and cleavage and mechanical damage) over time. Sah 
(2002a, b) considered the degradation of palm leaf manuscripts and conservation 
practices. He found that insect attacks caused most damage, and microorganisms 
attacked the surface and even the whole leaf structure. They summarized the main 
causes of deterioration but did not undertake a comprehensive investigation. Sub- 
sequently, Takagi et al. (2006) investigated the palm leaf manuscripts in the Asa 
Archives in Kathmandu, Nepal, and detailed their preservation. For instance, as 
rodents are prevalent in Nepal, the palm leaf manuscript was generally kept in a 
small plastic bag, and the top was closed with a string for protection against rodents. 
Rachman (2018) identified the deterioration phenomena of palm leaf manuscripts 
kept at the Royal Library of Puro Mangkunegaran, Surakarta. His research found 
that the palm leaf manuscripts at the Royal Library of Puro Mangkunegaran, Sura- 
karta, were stable but exhibited insect damage, discoloration and mold. There are 
also many studies about the restoration of palm leaf manuscripts. Pandit Rao et al. 
(1992) described the method of consolidation and preservation of palm leaf man- 
uscripts by using a mixture of fungicide and 10% polyvinyl acetate. Takagi et al. 
(2006) explained how stains on the surface of the palm leaf manuscripts were 
cleaned with cotton swabs with a mixture of ethanol and filtered water, and tears 
were repaired using Japanese paper. Dashrath Patidar et al. (2016) detailed the dif- 
ferent types of indigenous material used to preserve the manuscripts and summa- 
rized their effectiveness.
 Previous research does not provide a holistic overview or classification of the 
deterioration of and damage to palm leaf manuscripts. In addition, there is little 
research in this field undertaken in China. Therefore, it is relatively complicated to 
carry out the restoration and preservation of palm leaf manuscripts in the Potala 
Palace. A survey of the deterioration characteristics of palm leaf manuscripts in the 
Potala Palace was conducted by us. This paper analyzed and identified the major,

 Literature review
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minor and occasional deterioration of the manuscripts and applied different restora-
tion methods according to the deterioration types.
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 In order to get an in-depth understanding of the palm leaf manuscripts in Potala 
Palace, the different deterioration of the originals and the photocopies were counted 
and analyzed. The types of major deterioration were categorized according to the 
frequency and degree of deterioration.

Methods

             
             

               
            

          

  1. pH test

 The pH test with a portable pH meter (HANNA HI8424) was used to measure 
the pH value on the surface of manuscripts to avoid taking samples of the original 
material.

2. Classification of damage

              
            
              

           
             
            

      fi      
         

Materials

Materials and methods

Over time, palm leaf manuscripts will deteriorate due to natural aging of materials, 
environmental factors and manual damage. As there are so many palm leaf manu- 
scripts in Potala Palace a representative sample had to be taken. Based on the inves- 
tigation of these sample manuscripts, conclusions can be drawn about the overall 
preservation of palm leaf manuscripts in Potala Palace and their deterioration.

 Random sampling was used to reduce the interference of human factors and 
increase the representativeness of the selection. Manuscripts were selected from 
di erent places, di erent collection times and di erent languages for investigation. 
The sample consisted of four original manuscripts and six photocopied manuscripts. 
The investigation codes of the four original palm leaf manuscripts are N1, N2, N3 
and N4, and the six palm leaf manuscripts photocopies are P1, P2, P3, P4, P5 and 
P6. They are all written in Sanskrit, except N1 manuscripts have seven lines of text, 
P4 has ten lines of text, P6 has six lines of text, and the rest are seven lines of text 
per page.

 As there is no standard for classifying the deterioration of palm leaf manuscripts 
in China, the paper damage classification standard of archives and books industry 
is chosen for reference, because of the similarities. The analysis of the condition of 
Potala Palace manuscripts was based on DA/T 64.1-2017 (2017): Specifications for 
Rescue and Restoration of Paper Archives Part 1: The Grading of Damage, WH/T 
24-2006 (2006): Standard for the repository of ancient books and special collec- 
tion of library, WW/T 0026-2010 (2010): Classi cation and Legends of Diseases 
of Paper Collection, and WW/T 0003-2007 (2007): Classification and Symbol



1 3

Archival Science 

Ta
bl

e 
1 

 C
la

ss
ifi

ca
tio

n 
of

 d
am

ag
e 

gr
ad

es
 o

f a
rc

hi
ve

s

Th
e 

ph
en

om
en

on
 is

 th
at

 m
an

us
cr

ip
ts

 a
re

 st
uc

k 
to

ge
th

er
 d

ue
 to

 m
oi

stu
re

, d
us

t, 
m

ol
d,

 lo
ng

-te
rm

 e
xt

ru
si

on
, a

nd
 o

th
er

 re
as

on
s

Th
e 

co
lo

r o
f i

nk
 sp

re
ad

s a
ro

un
d,

 w
hi

ch
 le

ad
s t

o 
th

e 
ill

eg
ib

ili
ty

 o
f h

an
dw

rit
in

g 
an

d 
aff

ec
ts

 re
ad

in
g

Th
e 

ph
en

om
en

on
 is

 th
at

 th
e 

ch
ro

m
at

ic
ity

 o
f m

an
us

cr
ip

t h
an

dw
rit

in
g 

pi
gm

en
t d

ec
re

as
es

 a
nd

 g
ra

du
al

ly
 b

lu
rs

 d
ue

 to
 v

ar
io

us
 re

as
on

s, 
w

hi
ch

 a
ffe

ct
s r

ea
di

ng
\

D
am

ag
e 

gr
ad

e

D
et

er
io

ra
tio

n
Ex

tre
m

el
y 

se
rio

us
 (w

hi
ch

 in
cl

ud
es

 
on

e 
of

 th
e 

fo
llo

w
in

g 
si

tu
at

io
ns

)
Se

ve
re

 (w
hi

ch
 in

cl
ud

es
 o

ne
 o

f t
he

 
fo

llo
w

in
g 

si
tu

at
io

ns
)

M
od

er
at

e 
(w

hi
ch

 in
cl

ud
es

 
on

e 
of

 th
e 

fo
llo

w
in

g 
si

tu
a-

tio
ns

)

Sl
ig

ht
 (w

hi
ch

 in
cl

ud
es

 o
ne

 o
f t

he
 

fo
llo

w
in

g 
si

tu
at

io
ns

)

A
ci

di
fic

at
io

n
pH

 ≤
 4.

0
4.

0 <
 pH

 ≤
 5.

0
5.

0 <
 pH

 ≤
 5.

5
5.

5 <
 pH

 ≤
 6.

5
M

ol
d

A
re

a >
 30

%
20

%
 <

 ar
ea

 ≤
 30

%
5%

 <
 ar

ea
 ≤

 20
%

A
re

a ≤
 5%

W
or

m
ho

le
 o

r r
od

en
t a

tta
ck

A
re

a >
 30

%
20

%
 <

 ar
ea

 ≤
 30

%
5%

 <
 ar

ea
 ≤

 20
%

A
re

a ≤
 5%

St
ai

n
A

re
a >

 60
%

20
%

 <
 ar

ea
 ≤

 60
%

5%
 <

 ar
ea

 ≤
 20

%
A

re
a ≤

 5%
D

am
ag

e 
an

d 
fr

ag
m

en
ta

tio
n

A
re

a >
 40

%
20

%
 <

 ar
ea

 ≤
 40

%
5%

 <
 ar

ea
 ≤

 20
%

A
re

a ≤
 5%

C
on

gl
ut

in
at

io
n

A
re

a >
 50

%
20

%
 <

 ar
ea

 ≤
 50

%
5%

 <
 ar

ea
 ≤

 20
%

A
re

a ≤
 5%

Fr
ac

tu
re

–
Pa

pe
r c

re
as

e 
is

 ir
re

gu
la

r, 
re

su
lti

ng
 

in
 d

am
ag

ed
 p

ap
er

 o
r i

lle
gi

bl
e 

ha
nd

w
rit

in
g

25
%

 <
 ar

ea
 ≤

 50
%

A
re

a ≤
 25

%

In
k 

di
ffu

si
ng

 o
r f

ea
th

er
in

g
Se

rio
us

ly
 a

ffe
ct

 th
e 

re
ad

in
g 

of
 

ar
ch

iv
es

It 
is

 h
ar

d 
to

 re
ad

B
as

ic
 re

ad
ab

ili
ty

It 
al

m
os

t d
oe

s n
ot

 a
ffe

ct
 th

e 
re

ad
in

g

In
k 

fa
di

ng
Se

rio
us

ly
 a

ffe
ct

 th
e 

re
ad

in
g 

of
 

ar
ch

iv
es

It 
is

 h
ar

d 
to

 re
ad

B
as

ic
 re

ad
ab

ili
ty

It 
al

m
os

t d
oe

s n
ot

 a
ffe

ct
 th

e 
re

ad
in

g



 Archival Science

1 3

Illustration of the Diseases of Unearthed (Bamboo, Wood and Lacquer) Artifacts on 
Museum Collection (Table 1). Excel was used to record and count the data collected.

 

 

 

Fig. 1  Palm leaf manuscripts are 
conglutinated and damaged.

       
    

  
               

              
               

             
           

            
              
             
          

Status of palm leaf manuscripts in Potala Palace
Four original palm leaf manuscripts

  
               

               
               

             
           

            
              
             
          

               
             

              
              

          
            

             
            
              

               
             

              
              

          
            

             
            
              

1. Manuscript N1

  

               
             

              
              

          
            

             
            
              

                
              
                 

          
              
               

        

                
              
                 

          
              
               

        

  

                
              
                 

          
              
               

        

 The palm leaf manuscr ipt is wr itten in Sanskr it, which has eight lines. Text is 
difficult to read. This manuscr ipt is severely damaged (Fig. 1); its length and 
width cannot be measured. The sur face of the palm leaf manuscr ipt has some clay 
stuck to the manuscr ipt after encounter ing the ur ine of rats, which could lead to 
extremely severe conglutination. The major deter ioration of manuscr ipt N1 is 
stain, conglu- tination, damage and fragmentation (Table 2). The stained area of 
this manuscr ipt takes up over 60%, and the conglutination area is more than 
50%. According to Table 1, the manuscr ipt shows extremely ser ious damage. The 
leaves of the manu- scr ipt are broken into many fragments, which cannot be picked 
up.

2. Manuscript N2
                

              
                 

          
              
               

        
  

 The manuscr ipt N2 is also written in Sanskr it and has seven lines. The length of 
the manuscr ipt cannot be measured due to severe damage. The single leaf width is 
3.65 cm, and weight is 2.64 g. The pH value of the manuscr ipt sur face is 6.11, which 
is slightly acidified. The manuscr ipt’s major deter ioration includes stain, conglutina- 
tion, wormhole, mold and ink fading (Table 2). The stained area of manuscr ipt N2 
takes up over 20%, and the text is covered and unreadable. According to Table 1, 
this manuscr ipt is in the categor y of severe damage.

3. Manuscript N3
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The manuscript N3 is written in Sanskrit and also has seven lines. The size of a 
single leaf is 31.3 cm (length) *6 cm (width), and the weight is 2.49 g. The pH value 
of the manuscript surface is 4.60, which is seriously acidified. According to Table 1, 
this manuscript is severely damaged. However, from the appearance, manuscript N3 
has only slight frayed out and wormhole (Table 2).

 

Table 3  Deterioration of 
the palm leaf manuscripts 
photocopies in Potala Palace

The hole in the palm manuscript is used to fasten the manuscript 
with a string. Over time, the string rubs against the hole and causes 
it to deform

Deterioration Statistics of deterioration 
leaves

P1 P2 P3 P4 P5 P6

Frayed out 80 0 10 4 1 7
Stain 21 5 3 3 2 9
Damage and fragmentation 8 2 6 9 4 4
Ink fading 3 2 8 1 5 4
Fracture 15 1 2 2 1 1
Crease 6 1 0 3 0 2
Rodent attack, wormholes and mold 0 1 6 2 0 2
Hole fraying 0 0 0 2 3 5
Staining from fire 1 2 0 1 1 0
Ink diffusing or feathering 1 1 0 0 0 0
Total 135 15 35 27 17 34

  
                

               
               

     

                
               

               
     

    

                
               

               
     

    

               
          

            
             

               
          

            
             

    

                
               

               
     

4. Manuscript N4
 The manuscr ipt is written in Sanskr it with seven lines, and the text is legible. The 
pH value of the back sur face is 5.10, which is moderately acidified. The major dete- 
r ioration of manuscr ipt N4 is due to wormhole, frayed out and stain (Table 2). The 
manuscr ipt shows moderate damage (Table 1).

    
               

          
            

             

These were copies of six manuscripts from Volume 21 and Volume 27 of the Tibet 
Autonomous Region Collection of palm leaf manuscripts photocopies. The deterio- 
ration types were identified page by page. The major deterioration included frayed 
out, stains, damage and fragmentation, fracture and ink fading. See Table 3 for 
details.

Six palm leaf manuscripts photocopies

 Eighty leaves of manuscript P1 had frayed out, 21 leaves with ink stains, rust 
stains and water stains. Fractures were found on fifteen leaves in different degrees, 
according to Table 1, among which six leaves were slight, seven leaves moderate 
and two leaves severe. The manuscript P1 was severely damaged, and the major 
deterioration involved frayed out, stain, fracture and damage.
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Frayed out Staining
Damage and
fragmentati

on
Ink blurring Tearing Folding

Rodent
attack,wor
m holes and

mold

Hole fraying Staining
from fire

Ink
spreading

P6 7 9 4 4 1 2 2 5 0 0
P5 1 2 4 5 1 0 0 3 1 0
P4 4 3 9 1 2 3 2 2 1 0
P3 10 3 6 8 2 0 6 0 0 0
P2 0 5 2 2 1 1 1 0 2 1
P1 80 21 8 3 15 6 0 0 1 1
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s Deterioration characteristics of P1-P6 manuscripts

Fig. 2  Deterioration frequency of the palm leaf manuscripts photocopies in Potala Palace.

 Manuscripts P2, P3 and P4, were in good condition, only slightly damaged 
according to Table 1. The major deterioration are were stains, fragmentation and ink 
fading. According to Table 1, manuscript P5 and P6 were moderately damaged. The 
major deterioration of manuscript P5 included frayed out, ink fading and fragmenta- 
tion, while the major deterioration of manuscript P6 were stains and frayed out.
                  

   
 Excel software was used to convert the data in Table 3 into Fig. 2 to show the 
highest frequency of deterioration.

        

According to the damage grade of palm leaf manuscripts in Potala Palace (Table 2) 
and the statistical results of deterioration frequency (Fig. 2), a classification standard 
was developed to identify the types of deteriorated manuscripts, after careful consid- 
eration and discussion (see Table 4).
              

            
              

            

 Eleven types of deterioration of palm leaf manuscripts are divided into three cat- 
egories: major, minor and occasional. Three types of deterioration would be intro- 
duced in detail in the following content. In addition, the influence and concrete man- 
ifestation of deterioration on manuscripts and the causes would be discussed and 
analyzed.

Analysis of the types of deterioration Potala Palace manuscripts

Major deterioration

This category refers to the deterioration that frequently occurs in palm leaf manu- 
scripts, which poses significant risk to the manuscripts’ sustainability. This type of 
deterioration requires close observation and regular monitoring.

1. Frayed out
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Fig. 3  Frayed out palm leaves

Fig. 4  Ink Stain on the palm leaf 
manuscript

             
              
     

            
             

               
              

            
  

2. Staining
 The other important finding was that staining is the second most common dete-
 rioration after frayed out. The stains on palm leaf manuscripts cover up the text
 and cause serious conglutination of palm leaf manuscripts. Four palm leaf manu-
 scripts had a variety of stains, including water stains (33%), ink stains (16%), rust
 stains (5%) and unknown stains (46%) (Fig. 4).
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 There are three original manuscripts showing different degrees of frayed out 
(Fig. 3). Among the six photocopies of palm leaf manuscripts, 102 leaves have 
frayed out at the edge of the manuscripts, more than half of the area damaged 
accounted for 15% of the total. The results of this investigation show that the 
frayed palm leaf manuscripts are the most common and serious deterioration, has 
to be noticed.

 Frayed out is the most common deterioration of palm leaf manuscripts. The 
main reasons are long-term wear and tear, resulting in the separation of the leaf 
fiber at the edge into filaments.

3. Damage and fragmentation
 The current study found that damage and fragmentation usually occur at the edge 
of the palm leaf manuscripts, and a few seriously damaged palm leaf manuscripts 
were largely incomplete. Under the in uence of external factors, the loss is caused 
by an external force after the palm leaf manuscripts material is aging or acidified 
and becomes brittle.
 Several leaves of the N1 manuscripts had severe damage and loss on their edges. 
Thirty-three leaves were damaged in the six photocopies, P1 and P4 have more miss- 
ing edges, and P2 has a slight missing edge.
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4. Ink fading

 

 

   

            
              
           

                
             
              

               

            
               
           

               
              

              
               

            
               
           

               
             

              
               

            
               
           

               
             
              

               

            
              
           

                
             
              

               

  
              

                
           

             
             
    

  
              

          
               

            
   

              
                
            

             
             
    

              
          

               
            

   

    
              

          
               

            
   

              
                
            

             
             
    

  
              

          
               

            
   

 The handwr iting deter ioration of the ten palm leaf manuscr ipts investigated in 
this study is mainly ink fading and ink diffusing or feather ing, with fading (92%) 
the most common handwr iting deter ioration. The water absor ption of the sur face 
of palm leaf manuscr ipts is slight, the combination of ink and the palm leaf is not 
fir m, and the handwr iting is scraped off easily. Therefore, the fr iction between the 
palm leaf manuscr ipts or the cracking of the manuscr ipt sur face can easily lead to 
the blur r ing of the wr iting, which reduces the legibility of the text content of the 
manuscr ipts.

5. Fracture
              

                
            

             
             
    

 The palm leaf manuscr ipts will be damaged after being squeezed by an exter nal 
force, so they need to be carefully stored. If the damage is not reinforced in time, 
palm leaf manuscr ipts’ condition will worsen, affecting the integr ity and readability 
of contents. Among the six photocopies of palm leaf manuscr ipts, there were frac- 
tures in different degrees, among which 9% were severe, 52% were moderate and, 
39% were slight (Fig. 5).

6. Biological attack
              

          
               

            
   

 Palm leaves are organic mater ial, which is easily attacked by mold, pests and 
rodents. The insects include booklice, ter mites, silver fish, cockroaches and moths. 
Mice are the most frequent type of rodent. These pests and the development of mold 
growth on the manuscr ipts have led to pollution, damage, acidification and congluti- 
nation of the manuscr ipts.

Fig. 5 The palm leaf manuscript 
is fractured
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7. Conglutination
  Almost all of the leaves of manuscript N1 were conglutinated together, which 

was very serious. Part of the leaves of manuscripts N2 was conglutinated. This 
was due to inappropriate storage, the glue component in the ink, and the long-
term effects of high humidity, dust, insect and mold secretions. The leaves were 
conglutinated, which causes consolidation into blocks and form “the bricks of 
the palm leaf manuscripts.”

 
   

   
 
 

 
  

 
           

 

 
   

 

 

             
             

           
                

             
         

  
             
               
           

              
                

             
         

 
             
              
            
           
             
 

 

 

           
              

              
              

     

Minor deterioration

Minor deterioration means that the frequency of occurrence is lower than that of 
major deterioration. The damage grade is moderate, which has little influence on the 
long-term preservation and utilization of palm leaf manuscripts. For minor deterio- 
ration that does not endanger the life span of palm leaf manuscripts, it is only neces- 
sary to maintain the status quo and strengthen the preservation measures to prevent 
further deterioration, without any other restoration work on the manuscripts.

1. Hole fraying
 Similar to paper books, palm leaf manuscripts need to be bound with string
 through holes. Usually, holes are punched in the palm leaf and then used to con-
 nect the individual leaves with a white cotton string passed through.

 Generally, the long palm leaf manuscript has two holes, while the short ones 
have only one hole. The number of holes is determined by the length of the palm 
leaf manuscript. Hole fraying means that holes are often worn by string during 
long-time reading and utilization, resulting in deformation of hole shape.

  

   
             
             
               

2. Crease
 The creases of palm leaf manuscripts are similar to archives and books formed
 by an external force. According to the investigation, the creases of palm leaf man-
 uscripts are slight at present. However, once the crease develops, the manuscript
 will be damaged. Therefore, although creases are currently minor and uncommon,
 special attention should be paid to avoid the creases getting worse during future
 storage.

Occasional deterioration

Occasional deterioration refers to the low frequency of occurrence, which occurs 
only under certain particular circumstances. So long as it does not affect the read- 
ability of the contents of the palm leaf manuscripts, it does not require remedial 
action. It is necessary to discuss the causes of occasional deterioration in order to 
avoid them in future preservation strategies.

1. Staining from fire
 Staining from fire means that the local color of palm leaf manuscripts turns
 dark brown, which seriously affects the legibility of the text. There are many
 reasons for this staining, which may be due to smoke or aging of materials. There-
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fore, the preservation environment of palm leaf manuscripts should be kept clean 
and free of air pollution.

 
   

 
 

    
            
              
             
  

    
            
              
             
  

2. Ink diffusing or feathering
 The ink diffusing or feathering is mainly caused by water-soluble ink, which
 indicates that the surface of the palm leaf manuscript was once wet. During the
 process of preservation, palm leaf manuscripts should be kept dry and not exposed
 to moisture.

Discussion of main deterioration repair technologies

The most critical work in preserving and restoring palm leaf manuscripts is to stop 
the deterioration of the manuscript and restore the major and serious damage. How- 
ever, according to the literature review, as we know, there is little discussion about 
manually restoring other deterioration, so there is very little best practice to follow. 
In view of the preciousness and fragility of the palm leaf manuscripts, the Potala 
Palace has not yet undertaken any restoration. Before embarking on any restoration 
strategy, Potala Palace needs to carry out an in-depth study of the causes of dete- 
rioration and analyze the existing research on the manual restoration of palm leaf 
manuscript.

                Frayed out and fracture: repair and reinforcement

              
             

                
            

               
               
                 

             
              

               
  

              
              

                
            

               
               
                 

             
              

               
  

                 
             

              
            

               
              

           
              

               
               

               
                

        

              
              

                
            

               
              
               
            

              
              

     

              
             

                
            

               
             

                
           

              
             
        

              
            

               
             

              
            

               
             

              
           

            

             
            

               
             

              
            

               
            

              
           

            
 There are three ways to repair the missing edge of palm leaf. The first method is 
to repair the edge with palm leaf material. The National Cultural Heritage Preserva- 
tion Research Center of India adopted the edge lap method and uses polyvinyl ace- 
tate emulsion for bonding (Agrawal 1984). The British Library adopted the method 
of inlaying, cutting the palm leaves into the same shape at the missing parts, bond- 
ing them with resin wood adhesive. The second one is to repair with hand-made 
paper. Both the National Cultural Heritage Conservation Research Center of India 
and the British Library used Japanese paper, and wheat starch paste to repair the 
breaks in palm leaf manuscripts (Lawson 1987). The third is to use bark to repair. 
Nichols (2004) explained that the Boston Museum of Art in the USA had used the 
inner white bark of mulberry trees to repair the palm leaves, with good effect. In 
addition, a pulp repair machine is used to repair the missing part of the palm leaf 
manuscripts in batches, and the impact needs further discussion.

 Sah (2002) proposed that the palm leaf manuscr ipt fracture could be repaired 
using silk gauze, chiffon or tissue paper, along with acrylic rubber adhesive, acrylic 
emulsion adhesive or starch paste. As for the frayed palm leaves of the edge of 
man-uscripts, traditionally in Thailand, lacquer is brushed on the leaf edges (Agrawal 
1984). However, the lacquer will harden the edge of the palm leaf, the blade’s edge, 
and the paint will fall offand contaminate the manuscr ipt so plant gum should be 
used instead. A flame would be used to scorch the palm leaf edges in Sr i Lanka (Sah 
2002). Agrawal (1984) has proposed that acrylic emulsion could be applied to 
strengthen the edge f iber at the palm leaf manuscripts. There were also some col-
lections that use hand-made paper to repair frayed out palm leaves at the edge of 
manuscripts (Joshi 1989).
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To repair broken leaves, hand-made paper, silk laminates or gauze were usually 
used, dyed and cut into strips, and then pasted, and strengthened with adhesives such 
as paste, methylcellulose and fish glue (Lyu Xiaofang 2020). Some palm leaf manu-
scripts were repaired with stitches or pressure-sensitive tape. These are nonstandard 
repair methods that would change the appearance of the manuscript. Repair dam-
aged manuscripts need adhesives, but the adhesive effect of starch or fish paste is 
limited, unless it is high polymer adhesive, but the latter may affect or remain in 
palm leaves.

  
   Ink fading: re-inking

Two writing systems are used in palm leaf manuscripts. One involves use of a stylus 
to engrave the letter first, then to color with ink, and the other is to write with fluid 
inks and a quill pen. The writing type depends on type of leaves. A stylus was used 
to write Tala leaves, while a quill pen is used to write Sritala leaves (Sahoo Jyotshna 
2016). Engraving is mainly popular in South India. First, it is engraved with stylus 
and then colored with insect-repellent essential oils such as citronella oil and lamp- 
black (Kumar 2009). Using a quill pen and other tools to write on the surface of 
leaves is common in North India.
              

             
             

             
               
            

 Sah (2002) explained that re-inking could be used to increase the legibility of 
text, and 5% solution of cellulose acetate could also be used for reinforcement. 
Researchers select the method of repair in accordance with the degree of deterio- 
ration. In addition to re-inking, Agrawal (1984) pointed out that 2% soluble nylon 
ethanol solution could be used as an ink preservation coating on the surface of palm 
leaves, which could enhance handwriting and prevent the ink color from falling off.
 In conclusion, scholars in India, Britain and the USA have studied the reinforce- 
ment of handwriting on palm leaf manuscripts. Despite this, the restoration and 
preservation of palm leaf manuscripts in the Potala Palace are still quite compli- 
cated, because there are a large number of palm leaf manuscripts here, they are dif- 
ferent in terms of ages, ink and writing tools (such as a stylus or quill pen). The 
influence of reinforcing agents on palm leaf manuscripts needs further discussion. 
There is no research on the ink reinforcement of palm leaf manuscripts in China. 
However, the research on paper handwriting reinforcement is relatively mature, and 
there are many successful experiences to learn from.
 In recent years, digital handwriting restoration technology has developed rapidly. 
Digital handwriting is repaired by image enhancement, image segmentation and 
binarization technology, and it can achieve good results.

Stain: cleaning
The dust and stain on the surface of palm leaf manuscripts should be first cleaned 
with a soft brush or cloth. The stains which are difficult to remove and affect the uti- 
lization of the manuscripts need to be cleaned with distilled water or organic solvent.
 At present, engraved palm leaf manuscripts are generally wiped and cleaned with 
a soft cloth or brush dipped in distilled water. If there is handwriting on the surface
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of palm leaves, a first consideration must be whether the ink is soluble in water and 
if so, an alternative cleaning agent used.
 The British Museum used trichloroethane for cleaning; Gupta (1974) also sug- 
gested cleaning the palm leaf manuscripts with a mixture of alcohol and distilled 
water in the ratio of 3:2 with a soft cloth. The use of these organic solvents is still 
being explored, and their impact on palm leaf manuscripts needs further study. 
Paper cleaning technology has been used and tested over time. Therefore, the paper 
cleaning technology can be fully used for reference and applied to clean palm leaves.

       

Traditional deworming measures in Southeast Asian countries, such as India, use 
various natural plants to prevent insects and bacteria. Essential oils such as citron- 
ella oil (lemongrass oil), cedar oil, clove oil, camphor oil and eucalyptus oil can 
effectively repel insects. Plant seeds can also kill insects and resist bacteria effec- 
tively. For example, the powder of Annona squamosa seeds can kill insects. Thymol 
was contained in Ajowan seeds, a natural compound with insecticidal and antibac- 
terial properties with good insecticidal and antibacterial effects (Sharma 2018). In 
addition, the wooden planks are made of neem wood which can ward off termites; 
leaves of neem, turmeric, black pepper and garlic can be used as an insect repellent 
(Dashrath Patidar 2016).

Wormhole and mold: pest and mold control strategies

 In addition to the natural insect repellents mentioned above, synthetic chemical 
insecticides have been widely used by various collecting agencies in recent decades. 
To disinfect storerooms and conduct large-scale insecticidal sterilization, chemical 
synthetic fumigants such as thymol, p-dichlorobenzene, carbon tetrachloride and 
trichloroethane can be used (Sah 2002a, b). Mold on the upper part of the palm 
leaves can be wiped off with cotton swabs dipped in ethanol (Agrawal 1984).
 In recent years, the archival departments and cultural relics departments in China 
have applied low-oxygen controlled atmosphere technology to prevent insects and 
mold infestation of archives, ancient books and wooden cultural relics. The prac- 
tice shows good results. Therefore, this technology has strong practicability, and its 
application can be extended to pest control of palm leaf manuscripts.

Conglutination: Mounting

Das (1987) gave an overview of the preservation and restoration of manuscripts in 
the National Library, Kolkata. The library separated palm leaves by humidification 
or by hot liquid paraffin heated to 70–80 °C, and then the wax was cleared with ace- 
tone. It was also possible to separate the stuck palm leaves by putting them into hot 
water at 60 degrees and adding 5–10% glycerol in the water. Alternatively, the palm 
leaves were treated with hot steam, softened water-soluble substances with steam 
and separated the adhered leaves (Joshi 1995). The method of soaking palm leaves 
in liquid for separation of the adhered leaves is easy to deform the leaves. The liquid 
will remain in the leaves, which may have a bad influence on it in the future.
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Conclusion
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