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Abstract

The raw and building material in historical papers are plant fibers that are into the category of non-
woody or dicotyledonous plants. There are few sources that have mentioned these plants in Iran in
different historical periods or even mentioned them in paper making. This research aims to find the
types of historical paper fibers in the manuscripts available in the Malek National Library and
Museum, which belong to the 5th, 7th to 12th centuries AH. Identify and adapt their structure to the
fibers of current non-woody plants, which are most frequently referenced in library historical sources.
To achieve this goal, laboratory methods based on microscopic examinations and Microchemical
reagents (standard 9718 for paper fibers and Franklin method for plant fibers) were used. The results
show that the main primary and structural compounds used in the study papers are the bast fibers of
flax and hemp fibers, which have been used separately or in combination with cotton fibers. Because
paper-making processes affect the morphology of the fibers, the presence of associated cells such as
parenchyma, calcium oxalate crystals, etc. in the pulp of historical paper plays an important role in
the correct identification of paper fibers. Although the presence of kenaf fibers in papermaking has
been mentioned in some historical sources, it was not observed in the study samples in this research.
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Introduction

The land of Iran has a huge treasure of paper works (manuscripts, scrolls, etc.) that the science, art
and culture of the civilizations of this land figured in their paper. The birth of paper began in the
eastern lands and reached its peak in Iran. This superiority was shown in the types of papers, kind of
remaking paper and the type of plant fibers in each geographical region of Iran. Historians such as
Hafiz Abro refer to the planting of flax in the southwestern regions of Iran, which has been used in
the textile and fabric industry. Hemp plant is also mentioned as the second plant used in the paper
industry of Iran, which has also been used in the weaving of ropes and underlay. Kenaf, which has
been reported in student dissertations in the manufacture of Samarqand paper, has been used only in
the northern regions of Iran, despite the fact that cotton has been planted throughout the country.
These plant fibers belong to non-woody plants (shrubs) and are generally annual plants. Due to low
lignin, the amount of cellulose similar to woody plant species has been easily converted into pulp and
has been used in Islamic period paper making. Despite initial research by researchers on the fibers of
Persian, Arabic, Syrian, and Egyptian paper, there is still a lack of information to assist in the fields
of historiography, archeology, botany, and conservation and restoration. Fortunately, there atre
exquisite manuscripts from different historical centuries in museums that can fill the gap.

Materials and Methods

The oldest non-woody plant categories belong to foreign sources from 1982 and 1995, which are not
of good quality. Therefore, it is necessary to collect non-woody plants, whose names are mentioned
in library sources as the material of historical papers, and to document and morphologically test them.
For this purpose, flax, hemp, kenaf and cotton plants were prepared from Isfahan, Tehran, Gorgan
and Khorasan, respectively. After purification by Franklin solution method (equal part of acetic acid
and hydrogen peroxide), these plants wete placed in an oven at 70 °C for 48 hours. After bleaching,
washing several times, defibration and staining with safranin were examined under a microscope.
Historical paper fibers were also identified under the influence of Herzberg color reagent standard
and examined under a light and polarizing microscope.

Results

Defibration tests of flaxseed, hemp and kenaf bast plants show two distinct parts including bast and
woody fibers (Figures 1 to 9). Cotton fibers, which are from the fruit fiber category, appear in a
completely different type and in the form of strips, spirals and twists. Comparisons between woody
and bast fibers of flax, hemp, and kenaf plants reveal biometric differences and similarities in the
diameters of bast fibers, woody fibers, vessels, epidermis, and parenchyma. These differences and
similarities also appear in the morphology of the fibers surface such as swelling, dislocation (nods),
cross markings or longitudinal straight, fiber walls such as irregular structures (scalloped) or smooth,
the shape of the fiber cell ends, shapes of lumen, the crowded of cavities on the vessels and the type
of short pitted fiber or woody fibers (Tables 2 and 3). In the historical study papers, flax and hemp
fibers are more common, which sometimes do not follow the biometrics of the fibers. In manuscript
pulp 345 and 4769, there are associated cells such as pitted and spirals vessels element, and calcium
oxalate crystals, which make it easier to distinguish the type of fibers. The presence of cotton fibers
is observed in manuscript papers belonging to the 7th, 8th, 11th and 12th centuries AH, but there is
no trace of kenaf fibers (Table 4).

Discussion

The results of laboratory studies on the fibers that used in historical papers belonging to the 5th, 7th
to 12th centuries AH show that the bast fibers of flax and hemp plants and the fruit fibers of the
cotton plant are the primary fibers and constituents of study papers. These fibers were used alone or
in combination with each other and sometimes together with woody fibers (short pitted fiber) and
other associated cells in historical paper pulp, which can express the diversity of paper-making
processes through the use of plant fibers directly or rag textiles. Many similarities between the bast
fibers of flax and hemp, despite expressing the characteristics of this plant, are still observed in
biometrics, which can be distinguished and differences from each other only by the presence of
associated cells. These fibers definitely existed in Iran because they show a different structure from
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the paper materials of their neighboring country (China). Therefore, it is inferred that raw materials
in each geographical area have a significant impact on industries, especially the paper industry.

Conclusion

Comparison of historical studies, laboratory studies and the results of tests to identify the fibers of
historical study papers and non-woody plants of flax, hemp, kenaf and cotton show that the papers
belonging to the 5th, 7th to 12th centuries AH are mainly from the bast fibers of hemp and flax
plants. cotton fibers exist and sometimes mixed together. The presence of xylem cells (associated
cells) in their pulp helps to correctly identify the fibers along with other morphological and biometric
propetties of bast fibers. Despite the researchers' descriptions of the absence of cotton in the paper
industry before the 15th century AD (9 AH), in this study and in the sample of papers belonging to
manuscripts 7 and 8 AH, cotton was observed. Inverse to what has been said in library sources about
kenaf and its use in papermaking, a similar case was not found in the study papers.
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Fig. 1: Woody fibers and associated cells of flax with light microscopic at x100 and x200 magnification
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Fig. 3: Bast fibers of flax with polarized light microscopic at x200 magnification
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Fig. 4: Woody fibers of hemp with light microscopic at x200 magnification
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Fig. 5: Bast fibers of hemp with light microscopic at x200 magnification
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Fig. 6: Bast fibers and calcium oxalate crystals of hemp with polarized light microscopic at x200 magnification
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Fig. 7: Kenaf woody fibers with light microscopic at x100 and x200 magnification
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Fig. 8: Bast fibers of kenaf with light microscopic x200 magnification
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Fig. 10: Cotton lint fibers at x200 magnification: a) with light and b) polatized microscopic
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Table 2. Summary of woody fibers and associated cells characteristics of flax, hemp, kenaf
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Fig. 11: Hemp fibers in Dawlatabadi paper pulp 345 (5th century AH): a) Thick fibers and shell separated from fibers,
b) Dislocations and longitudinal striations in polarized light, ¢) and d) Fiber ends, ¢) Wide lumen cavity And f)
damaged swelling
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Fig. 12: Presence of associated cells along with hemp fibers in Dawlatabadi paper pulp 345 (5th century AH): a) thick
pitted vessel element, b) spiral vessel and ¢) crystal cells
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Fig. 13: Flax bast fibers and cotton fibers in Dawlatabadi paper pulp 3605 (7th century AH): a) cotton fibers and
swelling of flax, b) fibers in polarized light, c) ribbonlike fibers such as cotton (lint), d) thicker walls and cylindrical
(fibers of cotton (linter)
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Fig. 14: Flax bast fibers and cotton lint fibers in Dawlatabadi paper pulp 4510 (8th century AH): a) different
thicknesses and narrow lumen and the presence of swellings, b) dislocation (nods) in polarized light, c) cotton and flax
fibers and d) cotton fibers
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Fig. 15: Flax fibers in Samarqandi paper pulp 5901 (9th century AD): a) different thicknesses and swellings, b) fiber
dislocations in polatized light and c) fiber ends
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Fig. 16: Bast fibers of hemp or flax in Khitai Termeh paper pulp 5472 (10th century AD): a) longitudinal striations
fibers and narrow lumen, b) twisted fibers in polarized light, ) successive swellings and irregular and scalloped fiber
walls, and d) fiber ends
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Fig. 17: Bast fibers of hemp, flax and cotton in khanbaleq Termeh paper pulp 36 (11th century AD): a) different

thicknesses in fiber directions, swellings and wide lumen diameter fibers, b) longitudinal striations and prominent
dislocations, ¢) prominent nods in polarized light and d) cotton fibers
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Fig. 18: Flax and cotton fibers in Samarqandi paper pulp 4769 (12th century AH) with the authorized number of

Samarqandi paper: a) Different thicknesses of long and narrow flax fibers, b) swellings, c) Dislocations in polarized
light, d) Cotton fibers
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Fig. 19: Comparison between the arrangement of rays from the radial section of plant stems: a) ray cells in 4769 paper
pulp, b) kenaf rays and ¢) hemp rays
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Table 4. Fundamental fibers of historical papers based on morphological and biometric properties
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