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Some Endogenous Hormones in Loquat
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This work was carried out grown in an orchard of Citrus and Green-
house Research Institute in Antalya. Fruit samples were taken from
loquat trees (Eriobotrya japonica Lindl. cvs Gold Nugget and Akko
XIII) on small, medium-size and ripe-fruit stages. Changes in the
amounts of endogenous gibberellic acid (GA3), indole-3-acetic acid
(IAA), abscisic acid (ABA) and zeatin (Z) during these growth periods
of the loquat. IAA, GA3, ABA and Z were separated from plant extract
and quantified by high performance liquid chromatography (HPLC)
using a reversed-phase C18 column. Analysis of hormones was performed
on a separate basis for seed and pericarp and levels of these hormones
were found. According to the results, total-IAA was found high level in
fruit flesh and seed samples in the small and mature loquat fruits. GA3

was low level in mature fruit but it was high in the seed samples in the
same period. ABA level was found maximum in the small fruit in the
both of the fruit flesh and seeds. Level of zeatin was found maximum
in the small fruit' s flesh and seeds.

Key Words: Eriobotrya japonica Lindl., Gibberellic acid, Indole-3-
acetic acid, Abscisic acid, Zeatin, Fruit, HPLC.

INTRODUCTION

Determination of the changes in the internal hormone contents of the
loquat fruit can be regarded as a step taken to understand the demands of
this tissue. With the determination of the changes of this type of substances
at different physiological periods in the loquat fruit, a basis will have been
formed for subsequent studies. The loquat plant is one of the least studied
plants in terms of hormone content and changes. We are of the opinion that
hormone contents in the loquat fruit such as indole-3-acetic acid (IAA),
gibberellic acid (GA3), abscisic acid (ABA) and zeatin (Z) have been studied
for the first time by us to cover the entire vegetation period and significant
information that will through light on the issue and compared with other
plants1-3.
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Park and Park4 found that when the fruit size increased, IAA did not
change significantly while the amount of cytokinin increased. There is a
limited number of studies concerning internal gibberellins levels in the
loquat fruit. However, these studies usually concentrate on determination
of the gibberellin levels in seeds. Kraft-Klaunzer and Mander5 isolated 11
β-hydroxy gibberellin (GA84), which is a new gibberellin, from the unripe
loquat fruit seeds and determined the chemical structure of this substance
through a synthesis of methyl esters. Yuda et al.6,7 on the other hand, picked
the unripe loquat fruit seeds from little fruit that formed 90 d after full
bloom. They determined the gibberellins using gas-liquid chromatography/
mass spectroscopy (GLC/MS) techniques after a through cleaning with
some chromatographic processes. In conclusion, he found GA9, GA15, GA27,
GA35 and GA50. In addition to them, he found 6 substances similar to GA and
two new GA's, i.e. GA80 (11 β-hydroxy-GA7) and GA48 (11 β-hydroxy-GA9).

Determination of the relationships between the internal hormone levels
in different parts of the loquat fruit, which is an indispensable variety for
both producers and consumers and the fruit behaviour is quite important.
Instead of applying on a plant without knowing its hormone levels in its
content and drawing conclusions on the basis of the reactions to it, by
determining the levels and impact times, it will be easily ensured that sub-
sequent studies succeed. It is necessary that the results that we obtained
theoretically be adapted to practical studies that will be conducted later. It
should be keep in mind that one of the goals of the studies on plant physiol-
ogy is the understanding of plant growth metabolism and using it in
increasing information generation8.

EXPERIMENTAL

In this study, extremely healthy Gold Nugget and Akko XIII loquat
fruit varieties, which were grafted onto quince trees in a parcel planted in
1993 where cultural applications were periodically conducted in Citrus
Fruit and Greenhouse Research and Application Institute were used as
material. A total of 18 trees, i.e. 9 trees for each variety, were selected for
the experiment. Every three trees were considered a replication. Loquat fruit
samples of Gold Nugget and Akko XIII were included in the experiment
when they were in small fruit (0.59 and 0.47 g, respectively), medium-size
fruit (0.59 and 0.47 g, respectively) and ripe fruit (43.19 and 40.13 g,
respectively) stages. The obtained samples were kept in deep-freezer (-18 ºC)
until extraction and purification procedures.

The method used to determine free-, bound- and total indole-3-acetic
acid (IAA), gibberellic acid (GA3), abscisic acid (ABA) and zeatin (Z),
followed that of Ersoy2,3. The extraction and purification procedures are
shown on Fig. 1.
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  Flower (1 g) 
 Combined extract (60 mL) 

 Chloroform Water phase

 Portion (EtOAc), 3 times 

Water phase EtOAc (free-IAA, -GA 3, -ABA) 

 Portion (EtOAc), 3 times 

Water phase EtOAc (free-Z) 

Water bath (1 h, 70 o C)

 Portion (EtOAc), 3 times 

Water phase EtOAc (bound-Z)

 Portion (EtOAc), 3 times 

Water phase EtOAc (bound-IAA, GA 3, -ABA)

TLC (i-PrOH:NH 4OH:H 2O,10:1:1 )

Filtration ( 0.45 µm membrane )  

 HPLC

Add distilled water (25 
mL) 

Adjust to pH 2.5 
(discard) 

Adjust to pH 7.0 

Adjust to pH 11.0 

Adjust to pH 7.0 

Adjust to pH 2.5 

(discard) Evaporation 

Fig. 1. Flow diagram outlining the extracts used in purification of IAA, GA3,  ABA and Z
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Each sample of whole fruit (1 g fresh weight) was homogenized and
combined extract (a mixture of methanol:chloroform:2 N ammonia, 12:3:3,
v:v:v) containing butylated hydroxytoluene (BHT) at 100 mg L-1 as an
antioxidant. Then stored at -18 ºC for 2 weeks and then filtered.

Thin layer chromatography (TLC) was used for separation and purifi-
cation of the dissolved methanol. Plates were placed in TLC tank containing
a mixture of isopropanol:ammonia:bidistilled water (10:1:1, v:v:v). The
relative fluidity (Rf) bands of IAA, GA3, ABA, Z on the plates were studied
by 280, 208, 265, 254 nm UV lamp, respectively. The hormone extracts on
the Rf bands were dissolved in grade methanol for use in HPLC analysis.

HPLC analysis

Analysis of endogenous plant hormones were performed on a Shimazu
CR-7A plus model equipped with UV dedector and CR-7A 10AV-VP model
pumps enabling the use of concentration gradient of the mobile phase.

Chromatographic conditions: Column: Supelcocil LC-18 (25 cmx
4.6 mm and 5 µm); Column temperature: Room temperature (18-22 ºC);
Mobile phase: 35 % methanol (in 1 % acetic acid) for IAA, 30 % methanol
(pH:3) for GA3, 55 % methanol (in 0.1 M acetic acid) for ABA, 70 %
methanol for Z; Flow rate: 1.0 mL min-1; Dedector: UV, 280 nm for IAA,
208 nm for GA3, 265 nm for ABA, 254 nm for Z; Injection concentrate: 10
µL; Total run time: 0.5 h.

The amounts of endogenous hormones were expressed as aquivalent
standard synthetic hormones. Total-endogenous hormones were obtained
as the sum of free- and bound-hormones.

Statistical analysis:  Analysis of varience was performed using the
statistical analysis9.

RESULTS AND DISCUSSION

Free-, dependent - and total-IAA (indol-3-acetic acid), -GA3 (gibberellic
acid), -ABA (abscisic acid), -Z (zeatin) analyses were conducted on samples
collected in three periods (small-green, medium-size-green and ripe-
orange) of the Gold Nugget and Akko XIII loquat fruit varieties and the
seasonal changes were determined.

The hormone levels in the samples were calculated as ng g-1 fresh weight
(FW) by using linear regression equations formed with standards belonging
to each hormone and making use of the right equations. Internal hormone
levels of the samples were expressed as equivalent to standard synthetic
hormones.

Indole-3-acetic acid (IAA), gibberellic acid (GA3), abscisic acid (ABA)
and zeatin (Z) levels in the flesh and seeds of the fruit of the Gold Nugget
and Akko XIII varieties are given in Table-1. As will be understood from
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the data given in Table-1, some differences emerged concerning IAA, GA3,
ABA and Z hormone levels in the fruit flesh and seeds of the loquat fruit
taken at different times and these differences were found to be statistically
significant (p ≤ 0.05).

Total-IAA was found in high levels for both varieties in small unripe
fruit and ripe fruit periods just as in the free-IAA levels. In seeds, on the
other hand, total-IAA was found to be high and at the same levels in unripe
and ripe Gold Nugget loquat fruit variety, just as in the free-IAA levels but
lower in medium-sized unripe fruit. In the Akko XIII loquat fruit variety,
no change was observed in different periods in terms of total-IAA levels
(Table-1).

It has been proven in many researches that auxins exist profusely in
plants in free and dependent (to like glucose, amino acid and myoinositol
compounds) forms10. This study also found that IAA, which is an internal
regulator of growth, exits in both free and dependent forms in the fruit of
both loquat varieties.

According to the experimental findings, when all samples are considered,
maximum IAA was determined to be 493.15, 439.45 ng g-1, respectively in
the flesh of the ripe Gold Nugget and Akko XIII loquat fruit varieties.
Indeed, Wurst et al.11 reported that auxins, which are of indol type growth
substances, existed in very small concentrations in plants and microorganisms.
In studies conducted with GC-MS in the 1970's, it was found that IAA
concentration in most plant tissues varied between 1-10.000 ng/g12.

Park and Park4 argue that IAA does not change during the fruit growth
period. Our data, however, showed that IAA levels increased in parallel to
the fruit growth and were in maximum level in the flesh of ripe fruit.

According to the results obtained, whereas IAA is at a rather low level
in medium-sized fruit of both varieties, it reached a maximum level in
small-unripe and ripe fruit. As a matter of fact, it is emphasized that auxins
increase the development of conduction clusters together with gibberellins
and thus accelerate assimilant transmission to the fruit. A fast growth phase
occurs in the loquat fruit together with fruit behaviour. Fruit weight
increases rapidly. Fruit that have reached a certain size undergo a stagnant
period. In other words, fruit growth slows down. Thus, it has been assumed
that IAA was at a low level and it might have a connection with this. Respi-
ration increases and enzyme activity and water intake rise during fruit form-
ation. These phenomena are also thought to have occurred to the impact of
oxins. The increase in substance flux on the axis of stem is controlled by
auxins as well as cytokinins13. The fact that oxins are in maximum levels in
ripe fruit may stem from the fact that IAA internal hormone is probably
transmitted to the fruit during this period.

3790  Ersoy et al. Asian J. Chem.



T
A

B
L

E
-1

 
L

E
V

E
L

S 
O

F 
FR

E
E

-,
 B

O
U

N
D

- 
A

N
D

 T
O

T
A

L
-I

A
A

, G
A

3, 
A

B
A

 A
N

D
 Z

 I
N

 T
H

E
 F

R
U

IT
 F

L
E

SH
 A

N
D

 S
E

E
D

 O
N

 D
IF

FE
R

E
N

T
 F

R
U

IT
 

D
E

V
E

L
O

PM
E

N
T

A
L

 S
T

A
G

E
S 

IN
 G

O
L

D
 N

U
G

G
E

T
 A

N
D

 A
K

K
O

 X
II

I 
L

O
Q

U
A

T
 C

U
L

T
IV

A
R

S 

A
qu

av
al

en
t l

ev
el

s 
of

 I
A

A
 

(n
g/

g 
FW

) 
A

qu
av

al
en

t l
ev

el
s 

of
 G

A
3 

(n
g/

g 
FW

) 
A

qu
av

al
en

t l
ev

el
s 

of
 A

B
A

 

(n
g/

g 
FW

) 
A

qu
av

al
en

t l
ev

el
s 

of
 Z

  
(n

g/
g 

FW
) 

Fo
rm

s 
of

 I
A

A
 

Fo
rm

s 
of

 G
A

3 
Fo

rm
s 

of
 A

B
A

 
Fo

rm
s 

of
 Z

 

Variety 

Part of fruit 

St
ag

e 
of

 
fr

ui
t 

Fr
ee

 
B

ou
nd

 
T

ot
al

 
Fr

ee
 

B
ou

nd
 

T
ot

al
 

Fr
ee

 
B

ou
nd

 
T

ot
al

 
Fr

ee
 

B
ou

nd
 

T
ot

al
 

Sm
al

l 
31

4.
6b

* 
15

.8
a 

33
0.

4b
 

76
3.

30
a*

21
8.

87
b 

94
9.

65
a

41
.6

c 
97

4.
2a

 
10

15
.8

a 
18

76
.5

a 
99

4.
8a

 
28

71
.3

a 

M
ed

iu
m

 0
.0

c 
16

.4
a 

16
.4

c 
51

9.
85

b 
39

1.
15

a 
91

1.
00

a
13

9.
2b

 
31

.3
5c

 
17

0.
55

c 
84

8.
8b

 
88

4.
3a

 
17

33
.1

b 
Fl

es
h 

M
at

ur
e 

47
7.

2a
 

15
.9

5a
 

49
3.

15
a 

21
0.

90
c 

26
3.

10
ab

 4
74

.0
0b

 4
70

.0
a 

32
5.

45
b 

79
5.

45
b 

12
31

.8
ab

 1
54

5.
4b

27
77

.2
a 

Sm
al

l 
21

0.
05

* 
15

.9
5b

 
22

6.
0a

 
18

8.
15

b*
 2

24
.2

0b
 

42
5.

85
b 

89
9.

85
a 

31
.0

5b
 

91
2.

9a
 

28
81

.1
a 

88
3.

9b
 

37
64

.9
a 

M
ed

iu
m

 1
02

.3
5b

 
17

.6
a 

11
9.

95
b 

16
4.

30
b 

29
8.

30
b 

46
2.

33
b 

22
5.

2c
 

59
.4

7b
 

28
8.

0c
 

19
96

.7
b 

99
5.

2a
b 

29
91

.8
b 

Gold Nugget 

Se
ed

 

M
at

ur
e 

23
8.

95
a 

17
.8

b 
25

6.
75

a 
33

2.
40

a 
41

1.
30

a 
74

3.
70

a
58

7.
3b

 
94

.4
5a

 
68

1.
75

b 
11

01
.1

ab
 1

30
4.

5a
 

24
05

.5
b 

Sm
al

l 
31

9.
85

a 
15

.3
5b

 
33

5.
2a

 
35

0.
30

a 
21

5.
10

ab
 5

65
.4

0a
41

.9
c 

10
19

.4
a 

10
61

.3
a 

17
83

.3
a 

12
48

b 
30

31
.5

a 

M
ed

iu
m

 0
.0

b 
16

.2
a 

16
.2

b 
42

3.
25

a 
20

0.
40

b 
62

3.
65

a
11

5.
95

b 
11

.0
c 

12
7.

0b
 

10
29

.9
6b

 1
24

0.
6b

22
70

.5
b 

Fl
es

h 

M
at

ur
e 

42
4.

05
a 

15
.4

6b
 

43
9.

45
a 

22
7.

77
b 

25
7.

05
a 

48
4.

82
b 

 5
89

.1
a 

31
8.

3b
 

90
7.

4a
 

15
69

.0
a 

18
64

a 
34

33
.0

a 

Sm
al

l 
25

6.
8a

 
15

.8
5b

 
27

2.
65

a 
19

2.
40

b 
26

4.
30

b 
45

6.
70

b 
57

4.
35

a 
50

.8
5a

 
62

5.
2a

 
25

68
.2

a 
10

14
.4

b
35

80
.5

a 

M
ed

iu
m

 2
67

.8
a 

17
.4

5a
b 

28
5.

25
a 

16
6.

95
b 

 
24

9.
15

b 
41

6.
10

b 
18

0.
65

b 
49

.1
a 

22
9.

75
b 

18
78

.3
b 

13
13

.1
b

31
91

.3
a 

Akko XIII 

Se
ed

 

M
at

ur
e 

27
2.

2a
 

17
.9

a 
29

0.
1a

 
33

7.
50

a 
36

4.
25

a 
70

1.
75

a
69

0.
15

a 
12

4.
7a

 
80

8.
2a

 
49

2.
3c

 
24

71
.9

a 
29

64
 b

 

M
ea

n 
se

pa
ra

tio
n 

w
ith

in
 c

ol
um

ns
 b

y 
D

un
ca

n’
 s

 m
ul

tip
le

 r
an

ge
 te

st
 (

p 
< 

0.
05

).
 

Vol. 20, No. 5 (2008) Some Endogenous Hormones in Loquat  3791



While fruit in the total-GA3 Gold Nugget variety were small and medium-
sized, they were statistically in the same group and in high amounts and it
was found that total-GA3 (474 ng/g) began to decrease with fruit ripening.
In the Akko XIII loquat fruit variety, on the other hand, it was found that total-
GA3 was in high amounts (565.4 and 623.65 ng/g) in small and medium-
sized fruit just as in free-GA3, but when the fruit ripened, they were statisti-
cally in lower amounts (470.40 ng/g) (Table-1).

743.7 and 701.75 ng/g total-GA3, respectively were found in maximum
levels in the ripe fruit of the Gold Nugget and Akko XIII loquat fruit varieties.
In small and medium-sized fruit, on the other hand, it was discovered that
there was statistically no change in either variety and it was relatively low
(Table-1).

According to the experimental results, when the whole of the fruit was
considered (fruit flesh + seed) in the loquat fruit variety, endogenous GA3

decreased in both varieties with ripening. In this period when fruit ripening
occurs in the loquat fruit, spring shoots also develop at the same time. We
conducted the studies on leaves in this period that internal GA3 had reached
maximum levels. Therefore, the internal GA3 produced in the leaves is
carried to the fruit in far lower amounts than in other periods and development
of shoots is supported. In this context, Ramirez et al.14 studied gibberellin
contents of the shoots of apples, plums, apricots and peaches and discovered
that gibberellins were generated in the apical section of the shoots and
therefore they were effective in the vegetative growth fruit trees. They also
found that as GA level increased, so did growth of the shoots. Lavee and
Paskal15 reported that GA3 encouraged vegetative growth in young olive
trees and concluded that GA3 decreased flower but differentiation without
significantly affecting vegetative development.

As is known, gibberellins enable growth in height by increasing cell
growth and division just as auxins do. It might be possible that plants bring
GA3 levels on leaves to high levels in May, when growth of spring shoots
occur in loquat fruit leaves in order to support growth of shoots. All of the
stimulating substances participate in vegetative growth (auxin, gibberellin,
cytokinin). Of these, especially gibberellins play a significant role in the
development of vegetative elements as they are influential in the longitudinal
growth of cells16,17. It is assumed that in the phenomenon of the storage of
assimilants in the growing fruit, gibberellins, besides auxins, increase
assimilant transportation to the fruit by enhancing the development of condu-
ction clusters13. Indeed, internal GA3 levels were found quite high in the
loquat fruit throughout fruit growth.

Total-ABA amount in the Gold Nugget loquat fruit variety was in maxi-
mum level (1015.8 ng/g) in the small fruit period but it regressed to a minimum
level (170.55 ng/g) when the fruit were in medium size. In the Akko XIII
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loquat fruit variety, total-ABA, which was at a maximum level (1061.3 ng/g)
when the fruit were small, reduced to a minimum level (127 ng/g) when in
medium-sized fruit. However, it was found that there was an increase again
with ripening (Table-1).

While total-ABA was at a maximum level in the seeds of small fruit in
the Gold Nugget loquat variety (912.9 ng/g), it decreased to a minimum
(288 ng/g) when the fruit reached medium-size, but it began to increase
again when the fruit ripened. Total-ABA was found at a minimum level
(229.75 ng/g) in the seeds of the medium-sized fruit of the Akko XIII
loquat variety but at a maximum level (808,2 ng/g) with ripening (Table-1).

ABA, which was at a maximum level in the month of August, when
the development of shoots came almost to a halt in both loquat fruit varieties
and morphological separation occurred in the buds, demonstrated a steady
decrease in paralel to blooming, fruit growth and shortening of days and
fell to indeterminable levels in February, when there were small fruit in
trees. However, an increase was observed in ABA level in May, when fruit
began to ripen.

In present study, it is found that there were higher amounts of ABA in
small fruit. Likewise, in his study on apples, Soejima et al.18 found more
ABA in the younger parts of the fruit.

Total-Z level in the Gold Nugget variety was at a maximum level
(2871.3 ng/g) when fruit were small and unripe. It displayed a decrease in
the flesh of medium-sized fruit but showed a steady state during the ripening
process. In the Akko XIII loquat fruit variety, just as in the free form, maximum
levels and values of the same group were obtained in small-unripe and ripe
fruit. In the medium-sized fruit period, on the other hand, lower levels of
total-Z were determined (Table-1).

In the Gold Nugget loquat fruit variety, total-Z was determined in a
maximum level (3764.9 ng/g) when the fruit were small but in later periods
lower levels that were statistically in the same group were obtained. It was
found in a maximum level (3582.5 ng/g) in the Akko XIII loquat fruit
variety just as in the Gold Nugget variety. This value decreased to the level
of 3191.3 ng/g in medium-sized fruit and was found to be 2964 ng/g in ripe
fruit (Table-1).

Zeatin reached maximum levels during the small fruit period. Subst-
ances that are effective in the regulation of growth by increasing cell division
are cytochinins. They are synthesized in all meristematic tissues and especi-
ally in root ends. It was found to be effective in the transmission of nutrients
and in metabolism. It was further argued that it prevented the aging and
shedding of flowers, fruit and leaves and stopped taking root19.

Kaynak et al.20 studied changes in zeatin in the fig fruit that occurred
due to growth and found that small fruit contained high amounts of zeatin.
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In conclusion, it is believed that indole-3-acetic acid (IAA), gibberellic
acid (GA3), abscisic acid (ABA) and zeatin (Z), which are internal vegetative
hormones, have significant roles in the growth and ripening of loquat fruit
and if the levels of these internal hormones, which were determined with
the present study, are taken into consideration, they could form a basis for
further studies.
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