
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: muhammad.imam.surya@lipi.go.id; 
 
 
 

Annual Research & Review in Biology 
 
35(11): 73-85, 2020; Article no.ARRB.62125 
ISSN: 2347-565X, NLM ID: 101632869 

 
 

 

 

Plant Growth Regulators Affecting Leaf Traits of 
Loquat Seedling 

 
Muhammad Imam Surya1*, Lily Ismaini1, Suluh Normasiwi1, 

Dwinda Mariska Putri1 and Vandra Kurniawan1 
 

1
Research Center for Plant Conservation and Botanic Gardens, Indonesian Institute of Sciences, 

Jalan Kebun Raya Cibodas, P.O.Box 19, Cipanas-Cianjur 43253, West Java, Indonesia. 
 

Authors’ contributions 
 

This work was carried out in collaboration among all authors. Author MIS supervised the whole 
research work, contributed in data analysis and wrote the first draft of the manuscript. Authors MIS, 

VK, DMP, LI and SN planned the research work, performed the experiment, did the sampling and 
analyses. All authors read and approved the final manuscript. 

 
Article Information 

 
DOI: 10.9734/ARRB/2020/v35i1130301 

Editor(s): 
(1) Dr. Layla Omran Elmajdoub, Misurata University, Libya. 

Reviewers: 
(1) Rickardo Léo Ramos Gomes, Farias Brito University Center, Brazil. 

(2) Hamid Ahani Mporg, University of Sari Agricultural Sciences and Natural Resources (SANRU), Iran. 
Complete Peer review History: http://www.sdiarticle4.com/review-history/62125 

 
 
 

Received 15 August 2020 
Accepted 20 October 2020 

Published 18 November 2020 

 
 
ABSTRACT 
 

Leaf is a key functional traits that shows respond of changes in plant physiology. This experiment 
aimed to study the changes on the leaf traits of loquat seedling that treated with plant growth 
regulators (PGRs). Three types of PGRs, auxin (naphthalene acetic acid/NAA), gibberellin 
(gibberellic acid/GA3) and cytokinin (benzylaminopurine/BA) with four doses (0, 25, 50, 100 ppm) 
were sprayed onto the leaves of loquat seedling. We observed nine parameters, PGRs treatments 
were significantly affecting eight parameters, while there were one parameter is not significantly 
affected. The results showed that either in mature or young leaves, PGRs treatments were 
significantly affecting in eight parameters the growth and development of leaves, such as leaf 
surface area, specific leaf area, fresh and dry weight leaf, water content, number of stomata, size of 
stomata, chlorophyll and transpiration rate compared to control. These results gave general view 
that PGRs treatment might stimulate leaf growth and development including photosynthesis and 
respiration. However, PGRs was not significantly affecting the number of stomata in young leaves. 
The application of PGRs doses was not always inline with the mean value of each parameters and 
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it could be linear or quadratic models. The findings of this research could provide the 
recommendation for application of PGRs during seedling growth, and theoretical basis for 
comparison between mature and young leaves after PGRs application. 
 

 
Keywords: Loquat; plant growth regulators; auxin; gibberellin; cytokinin; leaf. 
 

1. INTRODUCTION  
 
Loquat (Eriobotrya japonica Lindl. DOMAIN: 
Eucarya Archaeplastida; KINGDOM: 
Viridiplantae (Plantae) Embryophyta; PHYLUM: 
Angiospermophyta: CLASS: Magnoliopsida; 
ORDER: Rosales; FAMILY: Rosaceae; GENUS: 
Eriobotrya) is a subtropical evergreen tree native 
to southeastern China [1], but well suited to 
colder Mediterranean Basin areas. The annual 
loquat cycle runs counter to that of the various 
temperate fruit crops as it blooms in autumn, 
develops its fruits during winter and ripens them 
in early spring [2]. The fruits have yellow-orange 
color with brown seeds as they ripe and also high 
sugar, acid and pectin content [3]. Loquat 
become an important commercial crop in several 
countries [4]. One of the important factors is that 
the potential of loquat as a fruit crop. It is due to 
loquat has phytonutritional composition such as 
phenolics, triterpenes, flavonoids, organic acids, 
vitamins, protein, starch, tannins, and minerals 
[5,6]. Plant hormone affects plant growth and 
development either directly or indirectly. 
 
Plant hormones are a unique cluster of 
compounds that during this experiment, form one 
of a topic with specific metabolism and 
properties. Their only general characteristics are 
that they are natural compounds in plants with 
capable of influencing physiological processes at 
concentrations way below those where these 
processes will be influenced either nutrients or 
vitamins [7]. Furthermore, because if complex 
and complicated self-regulated mechanisms, the 
manipulation of physiological processes in plants 
remains a challenge. Manipulating plant 
processes also remains a challenge, including 
the increased endogenous level of hormone with 
the application of plant growth regulators (PGRs) 
and bio-stimulants, to boost particular plant 
characteristics [8]. They might act within the 
tissue of production or translocated to another 
target tissues [9]. Peleg and Blumwald [10] 
reported that in the ability of plants to adapt to 
changing environments by mediating growth, 
development, nutrient allocation and source or 
sink transfer, plant hormones play crucial roles. 
Leaves is a major organ that has function as a 
source in all vascular plants. For the growth of 

axial polarity and plant tissue, auxin signal is 
important. It is also involved in some 
organogenesis from the apical meristem shoot to 
the lateral root formation. Cytokinins have been 
shown to have effects on many other 
physiological and developmental processes, 
such as seed germination, bud dormancy, leaf 
senescence, nutrient mobilization, floral 
development, apical dominance, the formation 
and activity of shoot apical meristems. Moreover, 
the application of gibberellin induces internodal 
elongation during a wide selection of species. 
However, in dwarf and rosette species, as well 
as members of the family Poaceae, the most 
dramatic simulations are seen. Exogenous GA3 
in dwarf plants induces such intense stem 
elongation that they resemble the tallest varieties 
of the same species [11]. 
 
Leaves are the main photosynthetic organs of 
plants that play a primary role in 
photosynthesizing carbohydrates [12] therefore, 
a number of biological processes such as plant 
growth, survival, reproduction, and ecosystem 
function are fully influenced by leaf size e.g. leaf 
surface area, leaf length and leaf dry mass 
[13,14]. Moreover, stomata are cell structures in 
the epidermis of tree leaves and needles that are 
involved in the exchange of gas and water with 
the environment and also closely associated with 
processes in plant physiology activities such as 
transpiration, respiration and photosynthesis 
[15,16]. Plants transpiration also affected by the 
anatomy of the stomatal complex [17]. Dodd [18] 
reported that both environmental and hormonal 
factors and their interactions are able to affect 
stomatal behavior. Leaf stomata have 
significantly distinct characteristics, such as size, 
shape, and density in various plants [19]. 
Miyazawa et al. [20] reported that stomata 
development in young leaves is correlated with 
the stomatal activity of mature leaves. In the 
other hands, chlorophyll plays an essential role in 
the photosynthetic process. The content of 
chlorophyll pigments in the leaf tissue is thus a 
major determinant of overall photosynthetic 
efficiency and directly influences to plant growth 
and development [21]. Even though some 
studies have been conducted on the effect of 
PGRs on plant growth and development, but only 
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few studies on the effect PGRs on morphological 
character of mature and young leaves 
development. In order to determine the effect of 
PGRs, this experiment was aimed to study the 
influences of plant growth regulators on stomata, 
leaf, chlorophyll and transpiration rate in mature 
and young leaves of loquat. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Material and Treatments 
 
The study was conducted on August to 
December 2019 at the green house and 
laboratory of Cibodas Botanical Garden-
Indonesian Institute of Sciences. The seedlings 
of loquat were obtained from Samosir, North 
Sumatra. It was propagated on November 2018. 
After six months, the seedlings were transferred 
to the new polybag contain humus and burnt 
husk (1:1). Three types of PGRs i.e. NAA 
(naphthalene acetic acid), GA3 (gibberellic acid) 
and BA (benzylaminopurine), with four different 
concentrations 0 ppm (control), 25 ppm, 50 ppm 
and 100 ppm were applied to the seedling of 
loquat by spraying into the leaves. Two days 
after the treatment, young and mature leaves 
were collected and continued for further 
observation of some characters such as 
chlorophyll, leaf surface area and leaf weight, 
transpiration rate and stomata traits. 
 

2.2 Leaf Surface Area, Leaf Weight, 
Specific Leaf Area and Chlorophyll 
Measurements 

 
Leaf surface area was calculated using image J 
software. Moreover, leaf weight measurement 
was divided into fresh and dry weight of leaves. 
Fresh weight of leaf measured right after sample 
was collected. Dry weight measured after leaf 
placed in 60°C oven for 72 hours. Specific leaf 
area (SLA) is the one-sided area of a fresh leaf, 
divided by its dry mass. The leaf water content 
was calculated as following: Water content (%) = 
((Fresh weight - Dry weight)/Fresh weight) x 100. 
The chlorophyll content (µg/cm

2
) measured with 

field portable chlorophyll meter (SPAD-502 Plus, 
Konica Minolta, INC. Japan). 

 
2.3 Transpiration Rate 
 
Transpiration rate was measured using cobalt 
chloride paper method. Cobalt chloride paper 
was a thin filtered paper with the size of 1 cm 
wide and 6 cm long. The paper was dried in the 

oven before measurement until its color was 
blue. Cobalt chloride paper placed on the abaxial 
surface of a leave, covered with two glass slides. 
The time for the paper changed its color from 
blue to pink was recorded [22]. 
 

2.4 Stomatal Frequency 
 

Stomata were observed by generating a nail 
polish leaf impression on a slide. The fresh 
leaves were cleaned with tissue and masking 
tape to remove the trichomes from leaf. A thin 
layer of nail polish was applied and spread 
evenly on the lower foliar surface, and allowing it 
to dry out. The dried nail polish was carefully 
peeled off from the foliar, and the shadow cast 
replicas were mounted under an optical 
microscope on glass slides to be examined 
under. The observation was done using an 
optical microscope (Olymphus CX22LED) at 40x 
magnification with a field of view approximately 
262.71 x 197.66 µm. Image analysis of the 
stomata was carried out using an image analyzer 
Image raster 3.0. 
 

2.5 Statistical Analysis 
 

Data were analyzed using SPSS 16.0 and 
reported in form of box plots. The Normality 
(Shapiro-Wilk normality test) testing was done 
followed the Pearson correlation coefficient 
among parameters. Means were calculated and 
compared from each treatment. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Leaf Surface Area 
 

In general, leaf surface area of mature leaves is 
largest than young leaves (Fig. 1). In the mature 
leaves, the largest mean value of leaf surface 
area was shown on treatments of NAA (28.61 
cm

2
) followed by control (27.37 cm

2
), GA3 (27.00 

cm
2
), BA (22.14 cm

2
). Moreover, the highest 

value of leaf surface area in mature leaves was 
NAA 25 (34.49 cm

2
) and the lowest was BA 25 

(16.55 cm
2
).  

 

In the other hands, the largest mean value of leaf 
surface area for young leaves was shown on the 
treatments of NAA (8.00 cm

2
) followed by GA3 

(7.39 cm
2
), BA (7.34 cm

2
), control (6.29 cm

2
). 

The highest value of leaf surface area in young 
leaves was BA 100 (10.29 cm

2
) and the lowest 

was GA3 25 (3.31 cm
2
). Bishnoi and 

Krishnamoorthy [23] reported that application of 
GA3 increased leaf surfaces and another study 
reported by Nobel et al. [24] that leaf surface 
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area was related to the mesophyll area and it 
could be affecting the photosynthetic rate. 
 

3.2 Specific Leaf Area 
 
We found there are more variety of specific leaf 
area of young leaves than mature leaves (Fig. 2). 
The highest value in young leaves was control 
(227.39 cm

2 
g

-1
) and the lowest was GA3 25 

treatment (124.89 cm
2 

g
-1

). Moreover, in mature 
leaves, the highest value was GA3 50 (164.26 
cm

2 
g

-1
), and the lowest was BA 100 (100.94 cm

2 

g
-1

). The treatments of PGRs on mature leaves 
was able to increase the mean value of SLA i.e. 
GA3 (146.99 cm

2 
g

-1
) followed by NAA (137.13 

cm
2 
g

-1
), BA (135.74 cm

2 
g

-1
), control (127.54 cm

2 

g
-1

).  
 
In the opposite, PGR’s could be reducing the 
mean value of SLA in young leaves i.e. control 
(227.39 cm

2 
g

-1
) followed by BA (170.96 cm

2 
g

-1
), 

GA3 (146.85 cm
2 

g
-1

), NAA (143.49 cm
2 

g
-1

). 
Miceli et al. [25] reported that a significant 
increase in the specific leaf area was found with 
increasing GA3 concentration in lettuce. 
 

3.3 Fresh and Dry Leaf Weight 
 
Generally, fresh and dry leaf weight in mature 
leaves was higher than young leaves. Fresh and 
dry leaf weight was affected by PGRs, either in 
mature or young leaves (Fig. 3 and Fig. 4). The 
PGRs treatments produced fresh and dry leaf 
weight in young leaves greater than control, i.e. 
NAA (0.235 g and 0.055 g), GA3 (0.217 g and 
0.050 g), BA (0.195 g and 0.046 g) and control 
(0.120 g and 0.040 g). In the opposite for mature 
leaves, control produced fresh and dry weight 
smaller than PGRs treatments, i.e. control (0.580 
g and 0.250 g), NAA (0.496 g and 0.211 g),         
GA3 (0.486 g and 0.203 g) and BA (0.429 g and 
0.179 g). 

 

 
 

Fig. 1. Leaf surface area of loquat seedling in mature (A) and young (B) leaves 
Source: Researchers data 

 

 
 

Fig. 2. Specific leaf area of loquat seedling in mature (A) and young (B) leaves 
Source: Researchers data 
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Fig. 3. Fresh weight of mature (A) and young (B) leaves of loquat 
 

 
 

Fig. 4. Dry weight of mature (A) and young (B) leaves of loquat 
Source: Researchers data 

 

 
 

Fig. 5. Percentage of water content in mature (A) and young (B) leaves 
Source: Researchers data 

 
Moreover, Lambers et al. [26] reported that 
cytokinin plays a major role in the shift in 
biomass allocation from leaves to roots, but there 
is no information to support a role of cytokinin in 
the changes in leaf anatomy. 

3.4 Water Content 
 

Percentage of water content was higher in young 
leaves than in mature leaves. The GA3 (77.71%) 
treatment produced the higher percentage of 
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water content in young leaves and followed by 
NAA (76.21%), BA (75.98%), control (69.81%). 
Dwyer et al. [27] reported that GA3 treatment 
could be increasing the relative water content in 
lemonwood. 
 
Our results showed that the lower doses of 
PGRs used will producing highly water content of 
young leaves. The GA3 25 (80.86%) treatment 
produced the highest percentage of water 
content than the other treatments. Moreover, in 
mature leaves (Fig. 5), the BA (59.55%) 
treatment produced the higher percentage of 
water content and followed by GA3 (57.96%), 
NAA (57.45%), control (56.34%). The results 
showed that higher doses of BA and GA3 would 
be increasing the percentage of water content 
but inversely on NAA treatment. The highest and 
lowest percentage of water content in mature 
leaves was shown on BA 100 (63.24%) and BA 
25 (56.27%) treatments.  
 

3.5 Chlorophyll Content 
 
Our results showed that the chlorophyll content 
in mature leaves was higher than young leaves. 
At control plants, either in mature (control 58.10 
µg/cm

2
; NAA 57.86 µg/cm

2
; GA3 57.01 µg/cm

2
; 

BA 55.38 µg/cm
2
) and young (control 38.93 

µg/cm
2
; NAA 38.51 µg/cm

2
; BA 38.12 µg/cm

2
; 

GA3 35.37 µg/cm
2
) leaves has highest content of 

chlorophyll compared than other treatments. Fig. 
6 showed that the NAA 25 (59.73 µg/cm

2
) 

treatment produced the highest chlorophyll 
content for mature leaves, and NAA 50 (41.29 
µg/cm

2
) for young leaves. 

 
Mbandlwa et al. [28] reported that PGR’s 
affected leaf chlorophyll content. However, our 
results showed that PGR’s treatment was not 
always significantly increasing chlorophyll 
content. 
 

3.6 Number of Stomata 
 

The number of stomata in mature leaves was 
higher than young leaves. The growth hormones 
such as auxin and kinetin are also registered 
increase in the number of stomata [29]. Fig. 7 
showed that either in mature or young leaves, 
the BA treatment (30.16 and 9.38) produced 
higher number of stomata and followed by 
control (30.12 and 9.33), GA3 (28.78 and 9.15), 
NAA (22.27 and 9.07). 
 
Moreover, the highest number of stomata in 
mature and young leaves was showed by BA 50 

(42.67) and GA3 25 (9.58) treatments. The 
lowest number of stomata in mature and young 
leaves was showed by GA3 25 (9.58) and GA3 
50 (8.18) treatments. 
 

3.7 Size of Stomata 
 
The results indicated that the size of stomata in 
mature leaves was larger than young leaves. Fig. 
8 showed that the GA3 (949.104 mm

2
) treatment 

produced larger stomata in mature leaves and 
followed by NAA (873.973 mm

2
), control 

(865.290 mm
2
), BA (813.721 mm

2
). The largest 

and smallest size of stomata in mature leaves 
was showed by NAA 100 (1047.816 mm

2
) and 

BA 100 (726.536 mm
2
) treatments. Furthermore, 

in young leaves, NAA (381.987 mm
2
) treatment 

produced the largest stomata and followed by the 
other treatments such as GA3 (322.033 mm

2
), 

control (284.400 mm
2
) and BA (240.656 mm

2
). 

The largest and smallest size of stomata in 
young leaves was showed by NAA 50 (416.390 
mm

2
) and BA 50 (169.640 mm

2
) treatments. 

 
These effects of an auxin or a cytokinin was 
inline with Di Benedetto et al. [30] which is IAA or 
BAP sprays also increased epidermal cell and 
sizes of stomata. However, Savaldi-Goldstein 
and Chory [31] suggestion, which indicated that 
the epidermal layer was the preferred target for 
auxin action on leaves, does not support the fact 
that the main effect of an IAA spray on leaf 
anatomy was to increase the amount of inter 
cellular spaces. 
 

3.8 Transpiration Rate 
 
Transpiration is a process of water movement 
through the stomata of plant. The transpiration 
rate occurs while the amount of water lost from 
the plants through the opening and closing of 
stomata at the specific time period. Jones [32] 
showed that the transpiration rate is mainly 
controlled by stomatal movement but stomata 
size and density are also affected. 
 

Moreover, Kumar et al. [33] reported that foliar 
spray of IAA, GA3, and BAP resulted a raise in 
photosynthetic rate, transpiration rate and 
stomatal conductance. Our results on Fig. 9 
showed that NAA (2.046 mg/h) treatment has 
higher transpiration rate and followed by control 
(1.560 mg/h), GA3 (0.977 mg/h), BA (0.685 
mg/h). Moreover, the highest and lowest 
transpiration rate in the seedling of loquat shown 
on NAA 50 (2.176 mg/h) and BA 100 (0.651 
mg/h) treatments. Spray of BA could be 
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decreasing the transpiration rates. Its due to BA 
has an anti-transpiratory activity. Schubert et al. 
[34] reported that spraying of BA can reduce 
water consumption thus it can be used to protect 
crop plants from chilling or freezing stress. 
 

3.9 Correlation 
 

In our study, there was a positive and negative 
correlation between some parameters such as, 
leaf weight, SLA, leaf surface, stomata, water 
content, chlorophyll and transpiration rate. Table 
1 showed that fresh and dry weight leaf are 
highly correlate. SLA in mature leaf was not 
affected by leaf surface, but has correlation with 
SLA of young leaf. In the other hands, SLA in 
young leaves affected by leaf surface. Either in 
mature or young leaves, the SLA value has a 
negative correlation with water content. 
Kuldeepsingh [35] reported that there is an 
interaction between SLA, relative water content 
and genotype to the chlorophyll content. Our 
study showed that chlorophyll content in mature 
leaves was affected by leaf weight and water 
content, but chlorophyll content in young leaves 
affected by leaf surface, SLA and percentage of 
water content. Moreover, stomata is an important 
organ on the process of photosynthesis. Our 
results showed that numbers of stomata in 
mature leaves were influencing the transpiration 
rate, but it’s not in young leaves. The size of 
stomata was affected by leaf surface area and 
influenced to dry weight, chlorophyll content and 
transpiration rate in mature leaves. In the other 
hands, stomatal size of young leaves has a 
negative correlation with stomatal size of mature 
leaves. Miyazawa et al. [20] reported that 
number of stomata per leaf increased steadily 
with the expansion of the leaf area, reaching a 
maximum value by the time the leaf area had 
reached approximately half its final value. 
However, as the leaf area increased without the 
concurrent change in stomatal number, the 
stomatal density decreased. Zhang et al. [36] 
reported that stomatal conductance, 
photosynthetic and transpiration rate declined 
during water stress in mature and young leaves. 
 

The hormones of plants play a significant role in 
the regulation of growth processes for leaves 
morphology and development. Auxin, gibberellin, 
and cytokinin are plant hormones that play roles 
in the growth and development of leaves. From 
these results, it appears that the PGR’s 
treatment such as NAA, GA3 and BA could be 
significantly affecting leaf area, SLA, water 
content, leaf weight chlorophyll, stomata and 
transpiration rate in the seedling of loquat. In this 

experiment the parameters used to determine 
the effect of PGR which is related to the 
photosynthesis. Although the rate of 
photosynthesis was not observed, these 
experiments gave a general view that PGR’s 
treatment might stimulate leaf growth and 
development include photosynthesis and 
respiration. Moreover, synthesis of plant 
secondary metabolites is influenced by 
exogenous phytohormones such as GA3, IAA 
and ABA [37]. 
 

Furthermore, number of stomata gave an 
opposite result with size of stomata. The size of 
stomata in the treatment of NAA and GA3 was 
larger than BA treatment or control. However, the 
number of stomata in the treatment of NAA and 
GA3 smaller than BA treatment or control. It 
means that each hormone gave different effect 
for plant growth and development. The 
exogenous application of specific hormones, 
which may not always replicate the effects of 
changes in endogenous hormone levels, has 
examined the functions of several hormones in 
stomatal function. Moreover, there may be 
different exogenous and endogenous effects 
between tissue types and species. Simultaneous 
quantification of different phytohormones in 
guard cells during open and closed conditions 
would provide a more objective view concerning 
their positions in stomatal functions [38]. It would 
also be important to determine the stomatal 
function and the regulatory roles more 
extensively in different hormones. 
 

Gibberellin controls various developmental 
processes during the plant’s life cycle, from seed 
germination through leaf expansion, stem 
elongation, flower induction, and seed 
development [39]. Furthermore, the mode of 
action of gibberellin in plants is still not well 
known, as variety of positive and negative 
functional interactions with other endogenous 
and environmental reactions. Weis and Ori [40] 
suggest that interactions with other hormones 
play major roles in the action of gibberellin, which 
involves the existence of effective and 
responsive cross-talk mechanisms among the 
corresponding signaling pathways. Moreover, the 
functions of gibberellin and auxin correlate with 
the regulation of cell expansion and tissue 
differentiation. Auxin affects both gibberellin 
signaling and gibberellin biosynthesis. In the 
other hands, gibberellin and cytokinin have 
antagonistic effects on various development 
processes. Reciprocal interactions are regulated 
at both biosynthesis and signal transduction 
stages. 
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Fig. 6. Chlorophyll content of loquat in mature (A) and young (B) leaves 
Source: Researchers data 

 

 
 

Fig. 7. Number of stomata in mature (A) and young (B) leaves of loquat 
Source: Researchers data 

 

 
 

Fig. 8. Size of stomata in mature (A) and young (B) leaves of loquat 
Source: Researchers data 

 

 
 

Fig. 9. Transpiration rate of loquat seedling 
Source: Researchers data 
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Table 1. Correlation value between parameters of leaf traits in loquat 
 

Parameters LSML LSYL SLAML SLAYL FWML FWYL DWML DWYL WCML WCYL CCML CCYL TR NSML NSYL SSML SSYL 

LSML Correlation 
Coefficient 

1                 

 Sig. .                 
LSYL Correlation 

Coefficient 
0,426** 1                

 Sig. 0,001 .                
SLAML Correlation 

Coefficient 
0,064 -0,065 1               

 Sig. 0,332 0,330 .               
SLAYL Correlation 

Coefficient 
0,042 0,346** 0,350** 1              

 Sig. 0,389 0,008 0,007 .              
FWML Correlation 

Coefficient 
0,169 -0,179 -0,173 -0,105 1             

 Sig. 0,126 0,112 0,120 0,239 .             
FWYL Correlation 

Coefficient 
-0,086 0,045 -0,074 -0,064 0,543** 1            

 Sig. 0,281 0,382 0,309 0,333 0,000 .            
DWML Correlation 

Coefficient 
0,256* -0,155 -0,069 0,014 0,861** 0,420** 1           

 Sig. 0,039 0,146 0,321 0,463 0,000 0,001 .           
DWYL Correlation 

Coefficient 
-0,059 0,065 -0,068 0,042 0,522** 0,946** 0,520** 1          

 Sig. 0,346 0,329 0,322 0,389 0,000 0,000 0,000 .          
WCML Correlation 

Coefficient 
-0,207 0,157 -0,242* -0,176 0,166 0,260* -0,102 0,167 1         

 Sig. 0,079 0,144 0,049 0,116 0,124 0,034 0,240 0,123 .         
WCYL Correlation 

Coefficient 
0,084 0,027 0,046 -0,415** -0,015 0,064 -0,191 -0,180 0,114 1        

 Sig. 0,284 0,427 0,379 0,002 0,458 0,329 0,092 0,105 0,214 .        
CCML Correlation 

Coefficient 
0,141 -0,169 -0,046 0,085 0,521** 0,206 0,681** 0,295* -0,442** -0,141 1       

 Sig. 0,169 0,125 0,378 0,283 0,000 0,075 0,000 0,019 0,001 0,165 .       
CCYL Correlation 

Coefficient 
-0,044 0,246* 0,112 0,378** -0,151 0,152 -0,086 0,236* -0,099 -0,455** -0,013 1      

 Sig. 0,383 0,046 0,224 0,004 0,147 0,146 0,275 0,050 0,247 0,000 0,465 .      
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Parameters LSML LSYL SLAML SLAYL FWML FWYL DWML DWYL WCML WCYL CCML CCYL TR NSML NSYL SSML SSYL 

TR Correlation 
Coefficient 

0,047 -0,030 0,152 -0,016 0,021 0,076 0,081 0,157 -0,236* -0,120 0,184 0,025 1     

 Sig. 0,375 0,419 0,152 0,458 0,442 0,299 0,288 0,137 0,049 0,203 0,100 0,432 .     
NSML Correlation 

Coefficient 
0,267* 0,103 0,123 -0,113 0,018 -0,073 0,025 -0,050 -0,126 0,092 0,062 -0,235* 0,317* 1    

 Sig. 0,033 0,243 0,202 0,222 0,451 0,308 0,431 0,365 0,191 0,262 0,333 0,049 0,012 .    
NSYL Correlation 

Coefficient 
0,005 -0,086 -0,148 0,170 -0,103 -0,078 -0,185 -0,097 0,055 -0,119 -0,125 -0,024 -0,200 0,132* 1   

 Sig. 0,486 0,280 0,158 0,124 0,237 0,294 0,099 0,251 0,351 0,206 0,191 0,435 0,082 0,047 .   
SSML Correlation 

Coefficient 
-0,247* 0,087 -0,061 0,077 -0,181 -0,124 -0,236* -0,188 0,167 0,046 -0,248* -0,023 -0,380** -0,109 0,096 1  

 Sig. 0,045 0,279 0,339 0,302 0,104 0,195 0,050 0,096 0,124 0,375 0,040 0,437 0,003 0,083 0,111 .  
SSYL Correlation 

Coefficient 
0,025 0,017 -0,105 -0,016 -0,001 0,002 0,021 0,024 -0,045 -0,170 -0,122 -0,016 0,086 0,006 0,115 -0,085** 1 

 Sig. 0,433 0,455 0,238 0,457 0,496 0,493 0,443 0,435 0,378 0,119 0,197 0,454 0,276 0,471 0,073 0,001 . 
LSML (leaf surface of mature leaf); LSYL (leaf surface of young leaf); SLAML (specific leaf area of mature leaf); SLAYL (specific leaf area of young leaf); FWML (fresh weight of mature leaf); FWYL (fresh weight of 

young leaf); DWML (dry weight of mature leaf); DWYL (dry weight of young leaf); WCML (water content of mature leaf); WCYL (water content of young leaf); CCML (chlorophyll content of mature leaf); 
CCYL (chlorophyll content of young leaf); TR (transpiration rate); NSML (number of stomata in mature leaf); NSYL (number of stomata in young leaf); SSML (size of stomata in mature leaf); SSYL (size of stomata in 

young leaf) 
**. Correlation is significant at the 0.01 level (1-tailed). *. Correlation is significant at the 0.05 level (1-tailed) 
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4. CONCLUSION 
 
In conclusions, this study suggests that leaf 
growth and development in loquat seedling was 
affected on the types of PGR and doses applied. 
Auxin, gibberellin and cytokinin was an important 
hormone during leaf growth and development. 
Either in mature or young leaves, PGR’s was 
significantly affecting the growth and 
development of leaves. However, PGR’s was 
only not significantly affecting to the number of 
stomata in young leaves. The application of PGR 
doses was not always in line with the mean value 
of each parameter, and probably it could be 
linear or quadratic models. In order to determine 
the growth and development of leaf, it is 
necessary to know the correlation from each 
parameter and the interaction between each 
PGR. This conclusion provides an information for 
PGR application during the production of loquat 
seedling. 
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