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Preface

One of the major problem in horticulture is low crop productivity 
with inferior quality. Our population is growing at an enormous rate and 
therefore, it is of paramount importance to achieve an enhanced rate 
of quality production of crops in order to keep pace with the population 
growth and to reduce our dependence on cereals, pulses, fibres, sugar 
etc. and their imports from foreign countries. Horticultural crops have 
potential to provide all round the year production in wasteland and can 
be used as a substitute of cereals (banana), pulses (peas and beans), 
fibres (okra) and sugar (sugarbeet) etc.

Plant growth regulators including growth retardants and growth 
promoters are used to assist the growth and development of plant and 
they may play a key role for assisting the fulfilment of need for another 
green revolution in our country.

A book on TRIAZOLE COMPOUNDS IN HORTICULTURE’ is 
published for the agriculture students of different agricultural univer
sities of India and the persons engaged in horticultural research and 
development. Roles for plant growth regulators has been to facilitate 
the propagation of new lines through tissue culture, flowering, fruiting, 
sex expression, off season crop cultivation, quality improvement and 
resistance against diseases and climatic stresses etc.

The present book is an effort in this direction in which the author 
has attempted to describe the importance of triazole compounds in 
horticultural development; chemistry and classification of triazoles; 
method of extraction, purification and quantification; transport and 
metabolism within the plant; endogenous plant hormones; physiology 
of plant; vegetative vigour; reproductive development; fruit quality; in 
vitro responses and root growth with supporting latest references, 
figures, tables and photographs etc. Terminology related to plant 
growth substances has also been incorporated in the book to further 
enhance the utility of the book. All the latest research findings on 
various aspects of triazole compounds have been incorporated in the 
text. The book is written in a simple language and easy to understand 
style. The publication of this book is not only timely but has a 
significance which is more than academic.



4 T ria zo le  C o m po u n d s  in H o rticu ltu re

I take this opportunity to gratefully acknowledge the contribution 
made by various persons in the preparation of this book.. I warmly 
acknowledge the various sources and publications from which 
valuable materials for this book has been drawn. I am deeply indebted 
to the entire staff of the Krishi Vigyan Kendra, Anta for the help 
rendered by them in the preparation of this book. I express my sincere 
appreciation to Dr Sant Ram, Dean, PGS, G.B. Pant University of 
Agriculture and Technology, Pantnagar, who inspired me to write this 
book and gave valuable suggestion from time to time.

I also wish to acknowledge and express my sincere thanks and 
gratitude to Prof. L.L. Somani, Director, Resident Instructions, 
Agricultural University, Udaipur for providing the necessary en
couragement to complete this book.

DEVENDRA KUMAR SINGH



CONTENTS

Page

Preface 3

Abbreviations 7-8

INTRODUCTION 9-10

CHEMISTRY AND CLASSIFICATION 11-17

Chemical and physical properties of paclobutrazol 13

Classification 14

METHOD OF EXTRACTION, PURIFICATION AND
QUANTIFICATION 18-23

Bioassay 20

Paper chromatography 22

TRANSPORT AND METABOLISM WITHIN THE PLANT 24-31

GA biosynthesis 27

Effect of growth retardant on metabolism and potential
side effect 29

ENDOGENOUS PLANT HORMONES 32-34

Gibberellin 32

Auxin 33

Cytokinin 33

Inhibitor 34

Ethylene 34

PHYSIOLOGY OF PLANT 35-42

Photosynthesis 35

Chlorophyll Content 35

Carbohydrate Content and Transport 36

Respiration 37

Transpiration 38

Mineral Nutrition 38



6 T ria zo le  C o m po u n d s  in H o rticu ltu re

Senescence 40

Stress Tolerance 40

7. VEGETATIVE VIGOUR 43-61 

Vegetative growth and Vigour 43 

Mechanism of Growth Reduction 47 

Growth Reduction in Woody Plant 55 

Growth Reduction in Fruit Plant 56 

Lodging Control 59 

Turf grass Growth Control 60 

Growth Control of Ornamental 60

8. REPRODUCTIVE DEVELOPMENT 62-76 

Seed Germination 62 

Herbaceous Plant 64 

Fruit and Woody Plants 64 

Fruit set and growth 66 

Yield 67 

Vegetable Crops 67 

Flower Induction in Fruit Plants 69 

Hormonal Regulation to Flowering 71

9. FRUIT QUALITY 77-82 

Diseases and Disorders 78 

Management of Excess Residues 82

10. In vitro RESPONSE AND ROOT GROWTH 83-86 

Roots 84 

Method of Application 85 

Availability of Paclobutrazol 86 

Guideline for Use 86

References 87

Glossary 107

Subject Index 116



Abbreviations

ABA Abrcisic acid

ACC (1 -aminocyclopropane-1 -carboxylic acid)

AMO-1618 Ammonium (5-hydroxycarvacryl) trimethyl chloride 
piperidine carboxylate

BA Benzyladenine

CPP Copalyl pyrophosphate

C 0 2 Carbon dioxide

CCC Cycocel

CBBP 2,4-dichlorobenzyltributyl phosphonium chloride

DMAPP Dimethylallylpyrophosphate

FID Flame-ionisation detector

FPP Farnesylpyrophosphate

FW Fresh weight

GA Gibbereliic acid

GC Gas chromatography

GPP Geranyl pyrophosphate

GGPP Geranyl geranylpyrophosphate

HPLC High Pressure Liquid Chromatography

IAA lndole-3-acetic acid

IBA Indole-butyric acid

I PA Indole-propionic acid

IPP Isopentenylpyrophosphate

MH Maleic hydrazide

MRL Maximum Reside Limit

MACC (1 -C-malonylamine, cyclopropane-1 -carboxylic acid)

MENA Methyl ester of napthaleneacetic acid

MVA Mevalonic acid

MS Mass spectrometry
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MTA Methylthioadenosine

NAA a-napthalene acetic acid

NBA Napthalene butyric acid

NAD Napthalene acetamide

PGR Plant Growth Regulator

PBZ Paclobutrazol

PPb parts per billion

ppm parts per million

SAM (S-Adenosylmethionine)

TCP Trichlorophenoxy acetic acid

TSS Total soluble solid

TSLP Trunk soil line pour

TCP Trichlorophenoxy acetic acid

TLC Thin-layer chromatography

TIBA 2,3,5-tri-idobenzoic acid

UCZ Uniconazole

2,4-D 2,4-Dicholorophenoxy acetic acid

2,4,5-T 2,4,5-Tricholorophenoxy acetic acid



1
INTRODUCTION

Plant growth retardants are chemicals, which reduce the shoot 
length of plants without being phytotoxic or causing malformations. 
This is primarily achieved by diminished cell elongation but also by a 
lowered rate of cell division. Some growth retardants are of economic 
importance in horticulture, since they can be employed to affect the 
morphology of cultivated plants in a desired way. Growth retardants 
represent the largest group of pant growth regulators (PGRs) used 
worldwide (includes defoliants and desiccants). However, they 
account for approximately only 2% of the world pesticide market 
(Rademacher, 1993). This propagation is significantly higher in 
countries with more advanced horticultural practices. In many cases 
the use of growth retardants has even become an integral part of the 
crop production system.

Typical growth retardants are inhibitors of GA biosynthesis. The 
ethylene-releasing compound ethephon, which has, among other 
applications as a PGR, found significant use as a growth retardant, will 
not be covered. Similarly, compounds are not dealt with which 
possess a more herbicidal nature and which may lead to reduced 
shoot growth by causing subliminal phytotoxicity. Neither such 
compounds (e.g. mefluidide or maleic hydrazide) are classified as 
being pant growth inhibitors or suppressors nor will morphactins such 
as chorflurenol, which may cause growth retardant-like effects under 
certain conditions.

The possibility of using chemical growth regulation to improve crop 
production has been of interest to plant scientists for many years. The 
initial discoveries of plant growth substances by plant physiologists 
were rapidly followed by studies of practical applications by horticul
turists. The stimulation of adventitious root formation on cuttings by 
auxins and the control of height and quality of floricultural crops by 
antigibberellins are examples of successful applications of plant
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