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ABSTRACT 
 

Kilifi county has a large potential of over 2,000 Ha suitable for pineapple cultivation that has not 
been fully exploited due to lack of adequate clean planting material. Thus, the aim of the study was 
to evaluate the effects of auxin and gibberellin hormones on regeneration of pineapple propagules 
from pineapple crown leaves (with buds). The study was carried out at Pwani University Crop 
Science farm. A randomized complete block design with split plot arrangement replicated thrice 
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was used. Treatments included auxin and gibberellins hormones where the cut crown leaves (with 
buds) were dipped and planted at a spacing of 4 cm by 6 cm in plastic containers filled with coir 
dust. Five plastic containers were used for each hormone treatment. In each container, three plants 
were tagged for data collection. The plastic containers (the plots) measured 30cm by 36cm by 
15cm height. Data collected from the tagged plants included, time to shoot emergence, plant 
height, leaf length and breadth, number of leaves per plant, final root length and final number of 
roots. These were used to determine effects of auxin, gibberellins on growth of the propagules up 
to a height of 15-20 cm. Obtained data was subjected to ANOVA analysis using Genstat Statistical 
software 14th Edition and means obtained compared using Tukey’s honest significant difference 
test (p < 0.05). The results indicated auxin treated propagules had 50.7%, 50.6%, 64.2%, 52.6%, 
24.4%, 10.4%, 39.0%, and 9.9% higher final values of plant weight, shoot weight, dry shoot weight, 
fresh root weight, plant height, leaf number, root number, dry root weight and root length, 
respectively, compared to those treated with gibberellins. The study also showed that auxin treated 
propagules had their initial roots originating from the base of the seedlings, while gibberellins 
treated propagules had their initial roots originating from the base of the cut crown leaves. 
 

 

Keywords: Pineapple; crown leaves; propagules; regeneration; auxin; gibberellins. 
 

1. INTRODUCTION 
 

Pineapple (Ananas Comosus (L.)) is an 
important tropical fruit grown in Kenya for 
domestic and export market in processed form 
and as fresh fruits [1,2,3]. Main growing areas 
include Thika, Malindi/Magarini and Kisii where 
the climate is mild with temperatures ranging 
between 16 and 32°C. The major exporter of 
processed pineapple products in Kenya is 
Delmonte Kenya Ltd situated in Thika and grows 
pineapples year-round. Important varieties grown 
include Smooth Cayenne, Queen, and newly 
developed Delmonte varieties such as Del Monte 
Gold®, Extra Sweet, Honeyglow®, and 
Pinkglow® [1,3]. The functional benefits of eating 
pineapples include protection against macular 
degeneration, antioxidant protection and immune 
support, potential anti-inflammatory and digestive 
benefits, manganese and thiamin for energy 
production and antioxidant defenses [4]. The 
nutritional benefits include helping reduce 
malnutrition that is rampant in the area, 
especially for children under five years and the 
elderly [5,6]. It is rich in vitamins such as vitamins 
A, B, C and minerals that include Manganese 
which prevents osteoporosis. It has no fat and is 
therefore cholesterol free [4].  
 

In Kilifi county, pineapple cultivation occurs in 
Malindi and Magarini sub-counties and is a major 
source of employment and income for majority of 
the communities in these areas of Kilifi County 
through sale of fresh fruits, pineapple juice and 
exports [7]. The variety grown is the smooth 
cayenne and is highly suitable for fresh market 
and canning. Other local varieties grown include 
Marafa Sweet and Mwanazi [3]. The demand for 
fresh sweet pineapples from Kilifi county is high 

and the County has never met the increased 
demand yet there exists a large potential of over 
2,000 ha for expansion of pineapple farming. 
Pineapple farming in Kilifi County is faced by a 
number of challenges which include inadequate 
availability of clean planting material, high initial 
investment costs, drought, high transport cost to 
markets, pests and diseases [8]. Of these 
challenges, availability of planting materials is the 
most limiting factor [8]. Currently, pineapple 
planting material is obtained from pineapple 
suckers, slips and sometimes from pineapple 
crowns. To get these materials ready for planting 
takes about 18-24 months to reach maturity and 
harvest [3]. This is a long period to wait. The 
current acreage of pineapple growing area in 
Kilifi county is estimated at 2,000 ha and 
20,000ha for the larger Coastal region [7]. Using 
the required seed rate of 37,000-48,000 suckers 
per ha, over 80 million suckers are required for 
planting every growing season [9]. However, the 
current production of planting material in Kilifi 
County is much less, between 10,000-15,000 
suckers per ha due to drought, disease 
infestation and poor soils, giving a deficit of 50 
million suckers per planting season [7]. This is 
what limits expansion of pineapple farming in the 
county and Coastal region as a whole. In order to 
cover the deficit, there is need to explore other 
scientific methods of producing and increasing 
disease-free planting materials within the 
shortest time possible without compromising on 
the quality of final product.  

 
1.1 Plant Hormones 
  
Plant hormones are substances that regulate 
plant growth, development and response to 
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environmental stimuli when applied in small 
quantities [10]. Piloting of this study had 
indicated that growth and development of 
plantlets from crown leaf buds without use of any 
hormones took considerably a longer time (more 
than 3-4 months) for the shoots or roots to 
emerge. Hence auxin and gibberellins hormones 
were in cooperated in the study to evaluate their 
effect in regeneration of the propagules. 
Gibberellins hormones (GA) are responsible for 
inducing cell extension, expansion and 
differentiation thereby promoting root and shoot 
development. Auxin hormones induce and 
stimulate cell division and elongation in plants 
thereby promoting shoot and root growth [11].   
In the elongation process, auxin alters the plant 
wall plasticity making it easier for the plant to 
grow upwards. Auxin also influences root 
formation. Gibberellins causes increased growth 
of the shoots, as a result of increased length of 
stem internodes and leaves and enhances apical 
dominance [12,11].  While GA has certain 
similarities to the auxins important differences 
are that: auxins greatly increases cell-extension 
in excised tissue sections, whereas GA has little 
effect; GA induces marked cell extension in 
shoots of some intact plants, whereas 
exogenous auxins have little effect; auxins 
strongly influence root growth, but GA does not. 
For some plant species, treatment with GA                
does not stimulate growth of intact roots, though 
some root sections do respond by increased 
growth. High concentrations of GA results in 
increased dry weight due to increased                    
carbon fixation as a result of increased                       
leaf growth. GA breaks dormancy of seeds, 
potato tubers and dormancy of shoot internodes 
and buds. Gibberellins act in plants by                
removing growth limitations by inducing 
degradation of the growth-inhibiting DELLA 
proteins [13].   
  
In Kenya, there are limited studies on 
regeneration of pineapple planting material                  
from pineapple crown leaves for rapid growth of 
pineapple plantlets in vivo [14]. Therefore,                   
this study was conceived to evaluate the                     
use of pineapple crown leaves treated with                   
auxinand gibberellin hormones for mass                  
regeneration of planting material for                     
enhancing pineapple production in Kilifi                
County. The hypothesis   under test                   
was that, auxin and gibberellins hormones                 
had no effect on generation and                          
growth of pineapple propagules from crown 
leaves. 
 

2. METHODOLOGY 
 

2.1 Study Site 
 
The study was conducted from January to 
August of 2022 at Pwani University Crop Science 
farm located 60 km from Mombasa lying between 
latitudes 3ºS and 4ºS and longitudes 39ºE and 40º 

E, and at an altitude of about 30m above sea 
level (ASL) in Coastal lowland zone 3 (CL3) [15]. 
The average annual rainfall ranged between 600-
1100 mm. Long rains in the region normally 
occur between April and July while the short 
rains occur from September to December. 
Annual mean temperatures ranged between 
28°C - 32.0°C [16]. The pre-dominant of soil type 
in the study area was sandy-loam characterized 
by poor water holding capacity due to                          
low organic matter content and poor in nutrients 
[17]. 

 
2.2 Material Used  
 
These included: pineapple crowns which were 
obtained from local pineapple markets selected 
from big mature pineapple fruits with clean crown 
leaves of uniform size with a bud eye [3]. Plant 
hormones used were auxin under registered 
name as “Azatone” or “Rootex” (containing 33% 
auxin). It was sourced from Nairobi Agrovet 
Shops. Gibberellins was sourced from Amiran 
Kenya Ltd, in Nairobi under registered name as 
“Tivag 40 SL” (soluble liquid, gibberellins at 
40g/L).  
 

2.3 Experimental Design and Treatments 
 
A completely randomized block design with split 
plot arrangement of treatments, replicated thrice 
was used (Fig. 1). Two treatments were involved, 
namely auxin (at 33%) and gibberellins (at 40gm 
per liter) hormones. 
 

The treatments consisted of auxin and 
gibberellins. Allocation of the treatments in the 
plots was done randomly (Fig. 1). Each plot 
consisted of a plastic box measuring 30 cm by 36 
cm by 15cm height, and filled with the coir media 
up to 10cm. Spacing between plots was 5 cm 
and between blocks 15 cm (Fig. 1). Spacing of 
the crown leaves (with buds) between rows was 
6 cm and within rows was 4 cm, giving a total of 
9 plants per plot. With a total of 30 plots, (15 for 
auxin and 15 for gibberellins) this gave a m   
grand total of 270 plants for the whole 
experiment.  



 
 
 
 

Eunice et al.; J. Agric. Ecol. Res. Int., vol. 25, no. 1, pp. 97-107, 2024; Article no.JAERI.111586 
 
 

 
100 

 

 REP I REP II REP II 

 
 
Auxin 
  A 

A1 A5 A3 
 A A 
A2 A3 A4 
A A A 
A3 A4 A1 
A A A 
A4 A2 A5 
A A A 
A5 A1 A2 

 
 
Gibberellins 
   G 

G1 G4 G2 
G G G 
G2 G3 G5 
G G G 
G3 G2 G4 
G G G 
G4 G5 G1 
G G G 
G5 G1 G3 

 

Fig. 1. Experimental plot layout in split-plot arrangement 
Key: Auxin = A; Gibberellins = G 

 

2.4 Preparation of Crown Leaf Cuttings, 
Treatment and Planting in 
Propagation Trays 

 
One or two healthy pineapple crown leaves of 
more than 5 cm in length, were carefully and 
individually cut off from the stem of selected 
pineapple crowns, and checked for healthy eye 
buds. Crown leaf buds are shared by two leaves 
at leaf-overlap; hence either a single leaf or two 
leaves were hived off to obtain an intact bud 
(Plate 1). The hived off leaves were dipped in 

70% alcohol for sterilization, and in a solution of 
Ridomil fungicide for treatment against fungal 
pathogens. The leaves were then dipped in auxin 
hormone powder (Azatone) or in gibberellins 
solution depending on the respective treatment 
(Plate 1). 
 
At initial stages, the treated crown leaves were 
raised in large metallic propagation trays 
containing coir media to facilitate selection of 
healthy “germinating” pineapple propagules from 
crown leaf buds (Plate 2). 

 

 
 

Plate 1. Treatment of individual crown leaves (with a bud) with auxin hormone 
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Plate 2. Propagation tray, with coir media and planted crown leaf cuttings 
 
Before planting into propagation trays, the coir 
media was watered to saturation and left for 5 
days to allow for free drainage and settling of the 
media. After planting in the propagation trays 
(measuring 90 cm by 60 cm) and irrigating 
uniformly to field capacity using Watering-Can, 
the propagation trays were transferred into 
propagation structures roofed with fiber glass for 
maintaining adequate lighting, constant 
temperature (of about 29-32°C) and high relative 
humidity (of around 60-80%) which is necessary 
for sprouting of the leaf buds (Plate 3). Regular 
watering was maintained every two days to 
ensure adequate moisture in the media. During 
the study period, no pests or diseases were 
noted. 
 

2.5 Selection and Transplanting 
Germinated Propagules into Plastic 
Containers  

 
About one month after planting, healthy well 
sprouted and rooted propagules that had 
attained 3 cm in height were selected for 
transplanting into plastic containers filled with 
coir (Plates 3, 4 and 5). 
 

2.6 Data Collection  
 
In each plot (plastic container) three plants were 
randomly selected and tagged (Plate 5).  It is 
from these tagged plants where data was 
collected every 7 days after transplanting until 
the propagules attained 15-20 cm in height. Data 
collected included, plant height, plant weight, 
fresh and dry shoot weight, leaf length and width, 
number of leaves, stem diameter, root length, 
fresh and dry root weight and number of roots 

per propagule. This experiment was conducted 
from January to August, 2022. 
 

2.7 Determination of Parameters  
 
Plant height was determined using a meter rule, 
from the base of the propagule to the tip of the 
plant. The number of days to shoot emergence 
was determined from the day of planting until a 
new shoot emerged above media surface. Leaf 
length was determined using a ruler from its 
attachment to the stem to the tip of the leaf 
blade, while the leaf width, was determined using 
a ruler at its widest part across the midrib. The 
number of new leaves were determined by 
observing and counting the new leaves as               
they emerged above the media surface.                   
Final root length was determined by uprooting 
and measuring the root length using a ruler. The 
final number of roots per propagule was 
determined by physically counting the number              
of roots per plant. Stem diameter was 
determined by placing a string around the                
stem and obtaining the length on a ruler and 
dividing the obtained circumference by value of 
pie (3.14). Shoots and root weights                          
were determined by weighing the isolated 
samples using and electronic weighing               
balance.  
 

2.8 Data Analysis 
 
The collected data for each variable was 
subjected to analysis of variance (ANOVA) using 
Genstat statistical software 14th edition and the 
means obtained subjected to Tukey’s Honestly 
significant difference test for comparison at 5% 
level of significant difference. 
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Plate 3. One-month old germinated pineapple propagule seedlings 
 

   
 

Plate 4. Rooted propagule at 3 cm in height ready for transplanting 
 

 
 

Plate 5. Transplanted and three tagged propagules per plot for data collection 
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3. RESULTS 
 

3.1 Effects of Hormones on Growth 
Parameters of Pineapple Propagules 

 

The results indicate that application of plant 
hormones on crown leaves (with buds) resulted 
in significant differences (P < 0.05) in propagule 
growth parameters (Table 1 and Fig. 2). In 
general, auxin hormones resulted in higher 
values of plant parameters than gibberellins 
hormones (Table 1 and Fig. 2). However, they 
attained peak stages of growth at the same time 
(Fig. 2). One notable difference due to hormones 
treatment was on the place of origin of initial 
roots during the sprouting stage (Plate 6). In 
auxin treated crown leaves, initial roots 
originated from the base of the young 
germinating seedlings, while in gibberellins 
treated crown leaves, initial roots originated from 

the base of the cut part of the crown leaves 
(Plate 6). 
 

For auxins treated leaves (Plate 6a), roots 
originated from base of the sprouting seedlings, 
while for gibberellins treated leaves (Plate 6b), 
roots originated from the base of cut leaves. The 
results also indicated that auxin treated 
propagules had significantly 10.5%, 15.4%, 
29.0%, 15.8% and 7.1% more leaves per plant, 
taller plants, larger stem diameter, longer leaf 
lengths and leaf widths respectively than 
gibberellins treated propagules (Tables 1              
and 2). 
 

Auxin hormones maintained significantly higher 
values for most tested parameters compared to 
gibberellins, for similar growth period. The growth 
pattern of most propagule parameters followed a 
parabolic (polynomial) trend (Fig. 2). 

 

 
 
Fig. 2. Effects of auxin and gibberellins on a) leaf length, b) plant height, c) leaf number, and d) 
leaf breadth. The period at which most growth parameters attained peak growth due to auxin 

and gibberellins hormones appear to coincide 
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Plate 6. Site of origin of initial roots in hormone treated pineapple crown leaf 
 

Table 1. Effects of hormones on growth parameters of pineapple propagule at 10th week after 
transplanting 

 

Propagule parameters 

Hormones Leaf number Height Stem diameter Leaf length Leaf breadth 

Auxin 11.65a 17.29a 6.66a 14.64a 2.26a 
Gibberellins 10.43b 14.63b 6.06b 12.33b 2.10b 
Mean 11.0 16.0 6.4 13.5 2.2 
(P < 0.05) <.0001 0.000 0.000 0.000 0.012 
Sed 0.150 0.250 0.08 0.21 0.03 
CV% 1.4 1.6 1.3 1.6 1.4 

Means at the same column that do not share a letter are significantly different 

 
Table 2. Effects of hormones on growth parameters of pineapple propagule at 17th  week after 

planting 
 

Media types Plant 
weight 

Shoot 
weight 

Dry 
shoot 
weight 

Fresh 
Root 
weight 

Plant 
Height 

Leaf 
number 

Root 
number 

Dry root 
weight 

Root 
length 
 

Auxin 78.9a 
 

71.4a 12.0a 7.6a 26.2a 15.4a 30.8a 
 

4.8a 27.2a 

Gibberellins 38.9b 35.3b 4.3b 
 

3.6b 19.8b 13.8b 18.8b 0.95b 24.5a 

Mean 58.9 53.35 8.15 5.6 23 14.6 24.8 2.9 25.85 
P-Value 0.000 0.000 0.000 0.000 0.000 0.006 0.000 0.000 0.070 
Sed 11.7 10.7 1.45 1.17 1.25 0.73 2.48 0.24 1.54 
% CV 19.9 20.1 17.8 20.9 5.4 5.0 10.0 8.3 6.0 

Means in the same column that do not share a letter are significantly different 

 

3.2 Effects of Hormones on Growth 
Parameters of Pineapple Propagules 
at 17th Week After Planting 

 

Tables 1 and 2 shows that application of auxin 
hormones on crown leaves (with buds) resulted 
in significant differences (P < 0.05) in propagule 
growth parameters compared to those treated 

with gibberellins hormones. Auxin treated 
propagules occasioned significantly higher 
values of plant height, longer roots, higher 
number of leaves and roots per plant than 
gibberellins treated propagules (Table 2). Thus, 
auxin treated propagules had 50.7%, 50.6%, 
64.2%, 52.6%, 24.4%, 10.4%, 39.0%, 9.9%          
and 5.2% higher values of plant weight, shoot 
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weight, dry shoot weight, fresh root weight,        
plant height, leaf number, root number, dry           
root weight, and root length, respectively, 
compared   to    those   treated   with   
gibberellins.  
 

4. DISCUSSION 
 

4.1 Effects of Hormones on Pineapple 
Propagule Growth Parameters 

 
Auxin and gibberellins had significant different 
effects on propagule growth parameters, namely 
plant height, leaf length and width, number of 
leaves, stem diameter, root length and number of 
roots per propagule at 17th week after planting. 
Similar observations were by Suman et al. [18] 
and [19] who reported that, in pineapple species, 
auxin and gibberellins increase cell division, 
elongation and expansion activities. In this study, 
auxin hormones in particular resulted in higher 
number of leaves, taller plants, larger stem 
diameters, leaf lengths and leaf widths than 
gibberellins hormones. This could partly be 
attributed to the functional role and mode of 
action of each type of hormone on plant                      
cells during growth processes. Auxins are 
generally known to promote cell elongation,        
while gibberellins are known to promote lateral 
cell expansion amongst other functions. This 
explains why auxin treated propagules                        
had longer leaves, taller plants and wider stem 
diameter than those treated with gibberellins 
hormones. Initial roots establishment is key in 
water and nutrient uptake and this determines 
the rate of growth and assimilation of dry                
matter of the plantlets. da Costa [20] has pointed 
out involvement of auxin in development and 
initiation of adventitious and lateral roots. The 
adventitious roots appeared to develop                        
from the base of the plantlets, most probably 
induced by auxin hormones. This perhaps could 
explain why auxin treated propagules exhibited 
faster growth rate than gibberellins hormones. In 
gibberellins treated propagules, the roots 
originated from the cut leaf base. Any absorption 
of water and nutrients were first processed                     
in the callus tissue of the cut leaf, thus                 
perhaps delaying nutrient transfer to the                  
newly growing shoot unlike in auxin treated 
propagules. These results agree with                       
similar observations by Khadr et al. [21] and                
[22] who reported that auxin primarily induced 
cell division and elongation, stimulated                     
shoot elongation and root initiation                              
and    also   vascular   differentiation   in    
carrots. 

4.2 Effects of Hormones on Growth 
Parameters of Pineapple Propagules 
at 17th Week After Planting 

 
Application of auxin hormones on crown leaf 
resulted in propagules that were taller and 
heavier in weight with longer roots, higher 
number of leaves and roots per plant than those 
treated with gibberellins. This would suggest that 
auxin hormones had a functional role of 
enhancing growth through increased cell division 
of most meristematic tissues and therefore faster 
accumulation of biomass by the pineapple 
propagules than gibberellins hormones. 
According to Gomes et al. [11] auxins greatly 
increases and mediates [23] cell-extension in 
excised tissue sections, whereas GA has little 
effect. Besides, during the elongation process, 
auxin alters the plant wall plasticity making it 
easier for the plant to grow upwards and 
influences root formation downwards. Brumos et 
al. [24] reported that Local auxin biosynthesis is 
a key regulator of plant development. This 
perhaps explains why auxin treated propagules 
were bigger and taller than those treated with 
gibberellins since the main function of auxin 
hormone is on growth regulation. Most literature 
cites the major role of gibberellins as being more 
of cell differentiation and therefore organ 
development than biomass accumulation [25]. 
This observation appears to agree with those 
reported by Rademacher [26], who observed that 
among the functions of gibberellins include 
delaying senescence in fruits, is involved in leaf 
expansion, break bud and seed dormancy, 
promote bolting in cabbages and beet, facilitate 
elongation of fruits such as apples and 
enhancing their shape, all of which point to 
developmental functions than growth.  
 

5. CONCLUSIONS 
 
This study has shown that it is possible to mass 
generate pineapple seedlings from crown leaves 
with eye-buds. The study has shown that auxin 
and gibberellin hormones can hasten 
regeneration of pineapple seedlings from crown 
leaves with eye-buds. Although both hormones 
influenced the growth parameters in a similar 
way, auxin hormones had profound effects on 
the different parameters compared to 
gibberellins. Auxin values for the different 
parameters were way above those of 
gibberellins. These findings indicate that farmers 
now have at their disposal a vast potential for 
mass generation of clean planting material using 
pineapple crown leaves and auxin hormones. 
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6. RECOMMENDATIONS 
 
There is need to ascertain the mode of action of 
both hormones in terms of initiating root 
development either from the cut leaf base or from 
the base of the plantlets. There is also need to 
compare how long it takes for the pineapple 
propagules generated from crown leaf buds to 
reach flowering and produce a mature fruit, their 
shelf life and quality with planting material 
sourced from different parts of the plant such as 
suckers, slips, crowns, among others.  

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Bartholomew DP. MD-2’pineapple 

transforms the world’s pineapple fresh fruit 
export industry. Pine. News. 2009;16:2–
5:15.  

2. FAO. Major Tropical Fruits: Preliminary 
results 2021. Rome; 2022. 

3. Hossain MF. World pineapple production: 
An overview. African Journal of Food, 
Agriculture, Nutrition and Development. 
2016;16(4):11443-11456. 

4. Chang YK, d’Eeckenbrugge GC, Sanewski 
GM. Breeding and variety 
improvement. The pineapple: botany, 
production and uses. CABI Publishing, 
Wallingford, UK; 2003. 

5. Muti SM, Kibe AM, Nge’tich W, Muindi E. 
Effects of Coir Dust Mulch on 
Evapotranspiration of PH4 Maize in Coastal 
Region of Kenya. Journal of Agriculture and   
Ecology Research International. 2017; 
10(3):1-16.  

6. Reinhardt DHR, Bartholomew DP, Souza 
FVD, Carvalho ACPPD, Pádua TRPD, 
Junghans DT, Matos APD. Advances in 
pineapple plant propagation. Revista 
Brasileira de Fruticultura. 2018;40. 

7. Kilifi County profile. Kilifi Integrated 
Development Programme; 2020. 

8. Muti, Simon, James Ndiso, Bahati 
Abdallah, Eunice Monthe, Serah Nzau, 
Doreen Kinoti, and Rebecca Amukhoye. 
"Status and Challenges Facing Pineapple 
(Ananas comosus) Production in Magarini 
Sub-County of Kilifi County in Coastal 
Kenya." Journal of Agriculture and Ecology 
Research International. 2024;25(1):1-18. 

9. Hossain MF, Akhtar S, Anwar M. 
Nutritional value and medicinal benefits of 
pineapple. International Journal of Nutrition 
and Food Sciences. 2015;4(1):84-88. 

10. Davies, Peter J, ed. Plant hormones: 
physiology, biochemistry and molecular 
biology. Springer Science & Business 
Media; 2013. 

11. Gomes GLB, Scortecci KC.  Auxin and its 
role in plant development: structure, 
signalling, regulation and response 
mechanisms. Plant Biol (Stuttg). 2021; 
(6):894-904.  

12. Brian PW. Effects of gibberellins on plant 
growth and development. Biological 
reviews. 1959: 34:37-77. 

13. Hedden P, Valerie S. A century of 
gibberellin research." Journal of plant 
growth regulation. 2015;34:740-760. 

14. Chotangui AH, Kenhoung C, Mandou MS, 
Kouam EB. Biosciences and Plant 
Biology. International Journal of Current 
Research in Biosciences Plant Biology. 
2019;6(11):1-8. 

15. Jaetzold R, Hornetz B, Shisanya CA, 
Schmidt H. Farm management handbook 
of Kenya Vol I-IV (Western, Central, 
Eastern, Nyanza, Southern Rift Valley, 
Northern Rift Valley and Coast). Nairobi, 
Government Printers; 2012. 

16. Mnyika AW, Muti SM, Gogo EO. 
Superabsorbent polymer and rabbit 
manure improve soil moisture, growth and 
yield of eggplant (Solanum melongena 
L). NASS Journal of Agricultural Sciences. 
2020;2(1):12-20. 

17. Daniel KA, Muindi EM, Gogo EO, Muti S. 
Performance of Brassica rapa and 
Brassica oleracea under Shade net within 
Coastal Environment. Journal of 
Agriculture and Ecology Research 
International. 2022;23(3):45-59. 

18. Suman M, Sangma PD, Meghawal DR, 
Sahu OP. Effect of plant growth regulators 
on fruit crops. Journal of Pharmacognosy 
and Phytochemistry. 2017;6(2):331-337. 

19. Zhou T, Geng Y, Ji C, Xu X, Wang H, Pan 
J, Lausch A. Prediction of soil organic 
carbon and the C: N ratio on a national 
scale using machine learning and satellite 
data: A comparison between Sentinel-2, 
Sentinel-3 and Landsat-8 images. Science 
of the Total Environment. 2021; 
755:142661. 

20. da Costa, Cibele Tesser, Remko Offringa, 
and Arthur Germano Fett-Neto. "The role 
of auxin transporters and receptors in 



 
 
 
 

Eunice et al.; J. Agric. Ecol. Res. Int., vol. 25, no. 1, pp. 97-107, 2024; Article no.JAERI.111586 
 
 

 
107 

 

adventitious rooting of Arabidopsis thaliana 
pre-etiolated flooded seedlings." Plant 
Science. 2020;(290):110294. 

21. Khadr A, Wang GL, Wang YH, Zhang RR, 
Wang XR, Xu ZS, Xiong AS. Effects of 
auxin (indole-3-butyric acid) on growth 
characteristics, lignification, and 
expression profiles of genes involved in 
lignin biosynthesis in carrot taproot. Peer 
Journal. 2020;8:e10492. 

22. Brian PW, Hemming HG. A relation 
between the effects of gibberellic acid and 
indolylacetic acid on plant cell 
extension.  Nature,  Lond. 1957a; (179): 
417. 

23. Du M, Spalding EP, Gray WM.  Rapid 
auxin mediated cell expansion. Annual 
Review of Plant Biology. 2020;(71):1–24. 

24. Brumos J, Robles LM, Yun J, Vu TC, 
Jackson S, Alonso JS, Stepanova AN. 
Local auxin biosynthesis is a key regulator 
of plant development. Developmental Cell. 
2018;(47):306–318. 

25. Enders TA, Strader LC. Auxin activity: 
past, present, and future. American 
Journal of Botany. 2015;(102):180–196. 

26. Rademacher W. Plant growth regulators: 
backgrounds and uses in plant production. 
Journal of plant growth regulation. 
2015;34:845-872. 

_______________________________________________________________________________ 
© 2024 Eunice et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/111586 

http://creativecommons.org/licenses/by/4.0

