
Copyright is owned by the Author of the thesis. Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only. The thesis may not be reproduced elsewhere without 
the pennission of the Author. 



AN INTO THE MODE OF ACTION OF 

ALAR (SUCCINIC ACID 2,2-DIMETHYL HYDRAZIDE) ON APPLE 

A thesis submitted in partial fulfilment of the requirements 

for the degree of Master of Horticultural Science 

at 

MURRAY IN HOPPING 

1968 



A C K N O W L E D G E M E N T S 

The author wishes to thank his supervisor, Professor 

J.A. Veale for his continued interest and assistance throughout 

this study. Thanks are also due to my wife for typing this thesis; 

to the Central Photography Unit; to the Massey Library Staff; to 

Mr D.B. Thomas for laboratory assistance; and to all others who 

have given help when needed. 



Chapter 

1 

T A B L E O F C O N T E N T S 

ACKNOWLEDGEMENTS 

ABSTRACT 

REVIEW OF LITERATURE 

A. INTRODUCTION 

B., THE EFFECTS OF ALAR ON llHOLE 
PLANT SYSTEMS 

I., (a) Stem growth. 

(b) Stem girth. 

(c) Leaf growth. 

(d) Shoot apical dominance., 

II. Plant Dry .Veight 

III. Flowering 

(a) Flower bud initiation .. 

(b) Delayed flowering., 

(c) Fruit set .. 

(d) Fruit size. 

C .. GIBBERELLINS IN RELATION TO SHOOT 
GROWTH 

I. Anatomical Considerations 

II. Physiological Considerations 

2 

3 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 



D. 

E. 

G., 

H .. 

(a) Gibberellins. 

(b) Auxins .. 

(c) Auxin - Gibberellin interaction. 

III. Environmental Considerations 

I. 1J:he Interaction on 'thole Plant tems 

II. The Interaction on Cell and 

III. Growth Retardant on Cellular 
Metabolism 

I. tudies 

II. tudi.es on Plants 

I. ( Movement and Fate of Alar 
in 

(b) Movement and fate in 

7 

9 

10 

11 

14 

14 

18 

21 

24 

28 

30 



Chapter 

2 

II. Interaction and General Effects 
of Alar and Gibberellin on Apple 
Shoot Growth 

I" DISCUSS ION 

MATERIALS AND METHODS 

A. INTRODUCTION 

:s. EXPERIMENTAL PLOTS AND SAMPLING 
TECHNIQUES 

I. Experimental Apple Planting 

(a) Block 1 .. 

(b) Block 2 .. 

II.. Sampling Technique 

(a) Block 1. 

(b) Harvest dates. 

III .. Treatment of Each Harvest 

(a) Stem and leaf measurement. 

(b) Dry weight measurement. 

(c} Fruit harvest .. 

(d) Photography. 

(e) Anthocyanin determinations .. 

C. GIBBERELLIN 

Extraction of Gibberellin-like 
Substances 

32 

33 

37 

38 

38 

38 

38 

39 

39 

39 

39 

39 

40 

40 

41 

41 

42 

42 



Chapter 

3 

II. Thin Layer Chromatography 

III. Barley Endosperm Bioassay 

(a) Materials. 

(b) Method .. 

(c) Reducing sugar estimation .. 

IV., Standard Curves 

D. AUXIN 

I. Auxin Extraction 

II .. Chromatography 

III. Auxin .Bioassay 

IV. Standard Curve 

E. HORMONE INTERACTION MITH ALAR ON 
AV.ENA FIRST INTERNODE TISSUE 

THE EFFECT OF ALAR TREATK~NT ON APPLE 
SHOOT GROjTH 

A. SHOOT PHOTOGRAPHY 

B. THE EFFBGT OF ALAR ON SHOOT NODE 
NUMBER 

C. THE EFFECT OF ALAR TREATMENT ON 
SHOOT INTERNODE LENGTH 

Page 

43 

44 

44 

44 

45 

46 

46 

46 

47 

48 

49 

49 

51 

52 

53 



Chapter 

4 

D. THE EFFECT OF ALAR TREATMENT ON 
SHOOT LEAF AREA 

E. THE EFFECTS OF ALAR TREATMENT ON 
SHOOT DRY WEIGHT 

I. Shoot Dry Weight 

II. Leaf Dry weight 

III. Petiole Dry Weight 

F. EFFECTS OF ALAR TRBATMENT ON FRUIT 
SIZE 1 1SEIOH1' 1 AND S·l'ORAGE 

I., Fruit Photography 

II. The Effects of Alar Treatment on 
Apple Fruit 

(a) Fruit size. 

(b) Fruit weight. 

III. Fruit Storage 

G. ANTHOCYANIN DETERMINATIONS 

.H. DISCUSSION 

ENDOGENOUS GIBBERELLIN-LIKE SUBSTANCES 
EXTRACTED FROM ALAR TREATED APPLE SHOOTS 

A. INTRODUCTION 

B. DERIVATION OF THE STANDARD CURVE 

C. ENDOGENOUS GIBBERELLIN-LIKE SUBSTANCES 

57 

57 

58 

59 

60 

60 

61 

61 

61 

62 

64 

68 

68 

71 



Chapter 

5 

6 

I. Purification of Ethyl Acetate 
.Extracts 

II. Recovery Values 

III. Gibberellin-like Activity 

D. DISCUSSION 

ENDOGENOUS AUXINS EXTRACTED FROM ALAR 
TREATED APPL~ SHOOTS 

A. INTRODUCTION 

B. DERIVATION OF STANDARD CURVE 

c. ENDOGENOUS AUXINS 

I. General Considerations 

II. Acidic Auxins 

III. Neutral Auxins 

IV., Basic Auxin 

D. DISCU.SSION 

INTERACTION B.i!:T.VEEN ALAR, GIBBERELLIN, AND 
AUXIN ON Avena 1st INTERNODE SECTIONS 

A. GROWTH RETARDATION OF Avena SEEDLINGS 

B. HORMONE-ALAR INTERACTIONS 

C. DISCUSSION 

71 

74 

76 

78 

82 

82 

84 

84 

85 

86 

87 

88 

90 

91 



Chapter 

7 FINAL DISCUSSION 

APPE?WIX I 

APPENDIX II 

APPENDIX III 

REF.ERBNCES 

Page 

97 

104 

106 

119 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

L I S T 0 F T A B L E S 

Alar effects on apple shoots selected for 
photography. 

Comparison between initial and final shoot 
length. 

Total internode number from fifteen 
decapitated samples. 

Mean internode length. 

Average leaf area from five shoot samples. 

Dry weight {gm) from fifteen shoot samples. 

Comparison between internode length (average) 
and internode dry weight (average) from shoots 
harvested on 2/1/68. 

Mean leaf dry weight (gm) from thirty leaf 
samples .. 

Petiole dry weight from fifteen shoot samples. 

Fruit number and weight (oz) from Alar treated 
apple trees., 

Face Page 

51 

52 

53 

55 

56 

59 

60 

62 



Table 

11 

12 

13 

14 

15 

16 

17 

18 

19a 

19b 

Apple fruit quality after storage -
fruit from size distribution 2.50-2.75 
inches. 

Anthocyanin levels extracted from 
photographed fruit. 

Reducing sugar release from barley 
endosperm incubated in distilled water. 

Recovery values from petroleum ether 
purification steps. 

Recovery values from petroleum ether and 
ethyl acetate purification steps. 

Gibberellin (GA
3

) equivalents from Alar 
treated shoots. 

Endogenous auxin levels extracted from 
Alar treated apple shoots. 

The degree of Alar induced retardation on 
Avena seedlings. 

Interaction between GA~, IAA, and buffer on 
Avena 1st internode ae~tions (mean values 
calculated from two replicates). 

Interaction between GA, IAA, and Alar on 
Avena 1st internode se~tions (mean values 
calculated from two replicates). 

Face Page 

64 

70 

73 

74 

76 

90 

91 

91 



1 

2 

3 

5 

7b 

8 

9 

L I S T 0 F FIGURES 

Experimental Gravenstein planting -
Massey University Orchard. 

Summary of gibberellin extraction 
procedures .. 

Materials for barley endosperm bioassay. 

Summary of auxin extraction procedures. 

Cutting block for Avena 1st internode 
sections. 

The bioassay machine. 

The effect of Alar treatment on Gravenstein 
shoot growth. 

Comparison between initial. and final shoot 
length after Alar treatment. 

Internode length response to Alar treatment 
from shoots harvested on 24/10/67. 

Internode length response to Alar treatment 
from shoots harvested on 7/11/67. 

Face Page 

42 

47 

48 

.51 

.54 

54 



Fig res 

10 

11 

12 

13 

14 

15 

16 

17 

18 

18a 

19 

Internode length response to Alar treatment 
from shoots harvested on 28/11/67. 

Internode length response to Alar treatment 
from shoots harvested on 19/12/67. 

Internode length response to Alar treatment 
from shoots harvested on 2/1/68. 

Leaf area response with time from Alar 
application. 

Internode dry weight (average) with time 
from Alar application. 

Leaf dry weight (average) with time from 
Alar application. 

Petiole dry weight (average) with time from 
Alar application. 

Fruit sub-sample selected from fruit harvested 
from Block 2. 

Size and weight of fruit with Alar treatment. 

Gibberellin induced reducing sugar rel.ease 
from barley endosperm. 

Reducing sugar release from barley endosperm 
incubated in the presence of eluates from thin 
layer chromatography (Harvest date 24/10/67). 

Face Page 

54 

54 

57 

59 

60 

61 

61 

69 

77 



20 

21 

22 

23 

24 

25 

26 

27 

Reducing sugar release from barley 
endosperm incubated in the presence of 
eluates from thin layer chromatography 
(Harvest date 31/10/67). 

Reducing sugar release from barley 
endoaperm incubated in the presence of 
eluates from thin layer chromatography 
(Harvest date 28/11/67). 

Reducing sugar release from barley 
endosperm incubated in the presence of 
eluates from thin layer chromatography 
(Harvest date 19/12/67). 

Increase in Avena 1st internode section 
length at different auxin (IAA) concen­
trations. 

Response of Avena 1st internode sections 
to eluates from paper chromatography 
(Harvest date 7/11/67). 

Response of Avena 1st internode sections 
to eluates from paper chromatography 
(Harvest date 5/12/67). 

Response of Avena 1st internode sections 
to elu~tes from paper chromatography 
(Harvest date 26/12/67). 

Response of Avena 1st internode sections 
to factorial combinations of IAA, GA

3
, 

and buffer or Alar. 

Face Page 

77 

77 

77 

84 

84 

84 

92 



ABSTRACT 

Application of the growth retardant succinic acid 

2,2-dimethyl hydrazide as a foliar spray to seven year old Gravenstein 

apple trees at full bloom and eleven days after, reduced extension 

growth in comparison to that on untreated trees. This retardation 

was characterized by a reduction in internode length and node number 

without formative effects on leaf area or observable leaf chlorophylla 

Shoot and petiole dry weight was decreased with Alar treatment; leaf 

dry weight increased. Fruit size and weight was increased at 1000 

and 2000 ppm Alar treatment; the converse relationship occurred at 

4000 ppm Alar. Alar treatment improved apple keeping quality and 

enhanced fruit skin colouration. 

Acidic gibberellin-like substances extracted from shoot 

apices decreased with Alar treatment and this reduction was accompanied 

by an increase in 'abnormal' gibberellin-like substances. Acidic, 

neutral, and basic auxins extracted from shoot apicea also decreased 

with Alar treatment although evidence was not as conclusive as that 

shown by gibberellin-like substances. 

A study of the interaction between Alar, auxin (IAA) and 

gibberellin (GA
3

) on Avena 1st internode sections was used as the 

basis for a suggested mode of action of Alar on apple extension growth. 




