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Histological Study on Rind Roughness of Satsuma Mandarin Fruit

Tatsuya Kubo and Shin Hiratsuka
Faculty of Bioresources, Mie University, Tsu, Mie 514-8507

Summary

The rind roughness of satsuma mandarin (Citrus unshiu Marc. cv. Okitsu Wase) fruit from low and
high crop load trees was investigated histologically; the former bears rough rind, whereas the latter has
smooth rind.

Rind roughness seemed to be associated mainly with oil gland development. At the mature stage, the
rough fruit contained various sizes of primary and secondary oil glands, whereas smooth fruit
contained relatively uniform sizes. The vigorous development of oil glands from Aug. to Dec. was a
main cause of rind roughness at harvest. In particular, convex protrusions formed just above the oil
glands, which were frequently detected on mature fruit surface, appeared to be the result of marked
development of secondary oil glands. Convex protrusions, independent of oil glands, were also
frequently observed in immature fruit.

Rind tissue consists the flavedo, a single layer of pigmented epidermal cells, several layers of
hypodermal cells, and the albedo, a relatively thick, white parenchymatous tissue below the
hypodermis. In a rough fruit, the hypodermal and parenchyma cells were smaller and the alignment of
the hypodermal cells was more irregular than the smooth fruit. Cell division of hypodermal tissue

ceased about Aug.10 in smooth fruit, but it continued until Sept.10 in a rough rind.
Thus, rind roughness of satsuma mandarin fruit seems to be induced by vigorous and/or abnormal
development of both oil glands and hypodermal tissues.
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Fig.1. Transverse sections of rinds sampled from fruit of high and low crop load in satsuma mandarin trees.
Note the relationships between locations of rind convexities (arrows) and oil glands; convexities
between oil glands on an immature fruit, and that just above an oil gland on a mature fruit.

Low crop load, immature fruit;“roughness value”=6.7,
Low crop load, mature fruit;“roughness value”=5.6,

High crop load, immature fruit;“roughness value”=74,
High crop load, immature fruit;“roughness value”=2.8.

Larger values indicate rougher surface.
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Fig.2. Development of oil gland in the rind of satsuma mandarin
fruit. A, Oil glands at anthesis (May 19).; B, Magnification
of boxed region in A. C, Oil glands existed near and distant
from the rind surface (Sept. 10).; D, Spindle shaped oil
gland (Sept.10). Arrow indicates the depression just above
the primary oil gland. Po=primary oil gland, So=secondary
oil gland.
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Fig.3. Seasonal development of oil glands on the rind of
satsuma mandarin fruit. The curve represents the line of
best fit calculated by Excel computer software. Each dot
indicates the scatter degree of samples.
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Fig.4. The striped protrusions (arrows) on an immature fruit
surface (A,B), and its longitudinal section (C). Note no oil
glands below the protrusion. Fruit collected on June 30.
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Fig.5. Comparison of rind development between fruit from high and low crop load trees.
E=epidermis, H=hypodermis, P=parenchyma tissue, O=oil gland. Note the irregular cell
alignment of hypodermal tissue in low crop load tree fruit on Oct.12 and Dec.9.
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Table 1. Effect of crop load of trees on fruit growth and cell enlargement in rind tissues of satsuma mandarin.
Sampling date
Treatment Tissues
July. 14 Aug. 10 Sept. 10 Oct. 12 Dec. 9

Fruit fresh Low crop load 892+ 0.52 24.61 * 1.36 5341+ 328 103.84 + 480 146.57 + 0.45

weight (g) High crop load 6.39 £ 0.31 17.87 = 0.83 44,07 £ 245 58.00 +2.52 74.20 + 3.36
Cell Size Low crop load epidermis 42.83 £ 1.19 41.08 = 0.42 6025+ 028 9473+ 138 77.47% 092

(u m?) hypodermis  59.57 £ 1.24 68.07 + 0.79 75.58 = 0.56 129.74 + 1.79 127.39+ 2.01

parenchyma 238.95+2.57 284.15% 1.97 42559 + 3.67 61920+ 6.40 604.09 + 8.64

High crop load epidermis 3746+ 037  41.12% 046 5888 +0.35 89.15+ 153 9034=% 1.27

hypodermis  50.82 * 0.63 58.36 + 0.57 95.12+ 1.12 125.15* 1.54 25555+ 421

parenchyma 235.82+2.77 23377+ 184 615.46 = 8.82 987.26 + 17.17 967.98 + 12.08

“mean + SE.

Ymean * SE.
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Fig.6. Relationship between fruit diameter and cell number in
hypodermal tissue of satsuma mandarin. Cell division
ceases on Aug.10 and on Sept.10 in fruits from high and low
crop load trees, respectively.
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Table 2. Changes in epidermis and hypodermis thickness during fruit growth of satsuma mandarin.

Sampling date
Treatment Tissues
July. 14 Aug. 10 Sept. 10 Oct. 12 Dec. 9
Low crop load  epidermis 16.83 + 0.40 13.48 + 0.39 16.55 + 0.35 17.83 + 0.33 14.28 + 0.38°
hypodermis 21.38 £ 0.81 25.20 £ 0.47 23.35 095 24.88 + 1.40 2343+ 1.24
High crop load  epidermis 14.03 = 0.53 12.85 + 0.39 13.33 £ 045 14.12 + 0.56 14.25 £ 0.38
hypodermis 19.42 £ 1.20 22.18 + 0.88 2225+ 095 2343+ 1.05 2480+ 1.24

“mean = SE. Each value is expressed as » m.
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Fig.7. Concavity (A) and convexity (B) above the secondary oil
gland in an immature (A,July 14) and mature (B,Nov.24)
fruit.

E=epidermis, H=hypodermis, P=parenchyma tissue,
Po=primary oil gland, So=secondary oil gland.
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