THE EFFECTS OF SIMULATED DROUGHT CONDITIONS ON
THE GROWTH AND DEVELOPMENT OF
VARIOUS CORN VARIETIES

(Zea mays L.)

PHAWINEE CHOTIKUNTA
/

SUBMITTED TO THE INSTITUTE OF GRADUATE STUDIES
CENTRAL LUZON STATE UNIVERSITY, MUNOZ,
NUEVA ECIJA, PHILIPPINES IN PARTTAL
FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

MASTER OF SCIENCE IN CR@P SCIENCE
(Agronomy)

OCTOBER 1984



Th ;
e thesis attached hereto, entitled '"THE EFFECTS

OF SIMULATED DROUGHT CONDITIONS ON THE GROWTH AND
DEVELOPMENT OF VARIOUS CORN VARIETTES (Zea mays L;)“,
prepared and submitted by MS, PHAWINEE CHOTIKUNTA in
partial fulfillment of the requirements for the degree

of Master of Science in Crop Science (Agronomy) 1is

hereby accepted,

S o7 2
TRA AGON NILO T, ELAGIO

MemberL)Guidance Committee Member, Guidance Committee

’)ﬂ/)(ﬁzﬁ A

DatF Signeld Date Signed
- == = Y.z
POLONI GUEVARRA LITO B. ALETA
Member, rﬁance Committee Adviser and Chairman
(//’//Ak Guidance Committee
Ocd. 1o, 178y O 19, (588

!

Date Signed Date Signed

Accepted as partial fulfillment of the

requirements for the degree of Master of ence in

Ik

ROMEO L. S Cco
Dean, The [Institute of Graduate Studies
Centyal Luzon State University

| ol

Date Figne

Crop Science (Agronomy)




BIOGRAPHICAL SKETICH:

The author was born on May 19, 1953 in Bangkok, Thailand,
She is the third of five children of Mr, Mana Chotikunta and
Mrs. Supha Chotikunta,

She finished her elementary education at St, Anthony
Convent, Chachoengsao Province in 1968 and her secondary edu-
cation at St, Paul Convent, Cholburi Province in 1971. She
continued her high school at Triem Udom Suksa School (Pre-Uni-
versity School), Bangkok., In 1973, she took up higher educa-
tion at the Kasetsart University, Bangkok, She graduated with
the degree of Bachelor of.Science in Agriculture major in Agro-
nomy in 1977,

To August 1977, she was employed as an Agronomist at the
Department of Agriculture and was assigned in the Field Crops
Division (now Field Crops Research Institute) at the Headquar-
ters in Bangkok,

In 1982, she was awarded a fellowship by the Food and
Agriculture Organization of the United Natioﬁs (UNDP/FAO) to
pursue advance studies leading to Master of Science in Crop
Scilence, major in Agronomy and minor in Grain Science, at the

Central Luzon State University, Mufioz, Nueva Ecija, Philippines.

M ChTde s

PHAWINEE CHOT IKUNTA

iii



ACKNOWLEDGEMENT

The author wishes to express her sincerest appreciation
and deepest gratitude to the wewbers of her Guidance Committee:
Prof. Julito B. Aleta, Chairman, Advisory Committee, Dr. Josue
A, Irabagon, Prof, Danilo T, Eligio and Prof, Apolonio V. Guevarra
for their valuable and unselfish help, kind understanding and
constant encouragement throughout the course of her study. She
is also indebted to Prof. Crispin G. 0lo, the former Chairman of
the Advisory Committee, for his valuable comments and suggestions
during the conduct of the thesis.

Likewise, she extends her sincere and deep appreciation
to Dr, Romeo L. Saplaco, Dr, Juliana B. Dacayo, Dr. Oscar B.
Zamora, Dr. Roberto Nartea, Dr. R. P, Robles and Dr. A. A. Alejar
for their encouragement and supervision,

The author wishes to express sincere thanks to the Food
and Agriculture Organization of the United Nationms (UNDP/FAOQ)
through Ms, Irene M, Field, Mr, John P. Spell, Dr. Eduvigis B.
Pantastico, Mr, Wilson R. Prattley and Mr. Euan Smith for granting
her the fellowship and the Thai Government, for granting her the
study leave,

Sincere gratitude due Dr., Arwooth Na Lampang, Dr. Eduvigis
B. Pantastico, Dr, Sam-arng Srinilta, Dr. Kasem Sooksathap, Mr.
W,E.G, Lovell and Ms., Kingkeo Woungcruawal for their encouragement

and recommendations in the pursuance of the author's study.



To Mrs, Ludivina P, Santos, Ms. Erlinda D. Villanueva, Mr.
Carlos M, Espina, Mr. Romulos T. Seachon, and staff members of
UNDP/FAO Office of the Resident Representative in Philippines for
their never ending assistance, valuable comments and suggestions,

To the Crop Science Department, CLSU, for the use of their
experiment area and to its staff and labor pool for all their
help and companionship during the author's conduct of her thesis.

Deep appreciation is due Dr, Filomena F, Campos, Director
of the Research and Development Center, Prof. Teotimo M, Aganon,
Mrs, Clarita P, Aganon and staff mewmbers of the R & DC for their
help and in the use of their facilities,

Sincere gratitude is due Dr, Joselito V, dela Cruz the
officer in charge of the Feed Grain Processing Center, CLSU,
Engr, Jhun M, Salazar, Jr., Egssie Padilla and staff members of
the FGPC for their kind assistance, in the use of their facilities
and the conducive atmosphere which they provided during the
author's study in the university,

To Mr. Raul D, Divina, the officer in charge of the Food
Processing Center, CLSU, for allowing the author access to the
needed facilities and Ms, Mina Padilla and Ms, Malou Siopongco
for their kind assistance and support.

To Dr. Ricardo M, Lantican, Director of the Institute of
Plant Breeding, UPLB, Laguna, Dr, Dafrosa del Rosario and Mr,

Felicito M. Rodriguez for their guidance and assistance in

vi



chemical analysis and help extended.

The author also extends her thanks to Wilfredo del
Rosario, Ellen S, Bernardo and Evangeline T, Eligio for the
excellent secretarial work in underteking the arduous task of
typing the manuscript.

Special mention is made to Mr, Pracha Boonsompong for his
encouragement and invaluable help in the study,

Moreover, sincere thanks are extended to Mr. Generlito G.
Ramos, Dra. Josie L. Caranto, Mrs, Generosa N, Eligio, Mr,
Damnern Kongsriprai, Mr. Alberto C. Cela Pay and Mrs, Leonila
Ramos for all their help and companionship and for making life
in the Philippines a memorahle one.

To all her Filipino and Thai f£¥fends, for the loving
atmosphere they provided during the author's entire stay at
at CLSU and UPLB, their contributions would not be forgotten,

Lastly, but not the least, the author wishes to dedicate
this study to her loved ones: her parents, brothers, sisters,
sisters-in-law, nieces, relatlves and teachers for their love,

prayers and inspiration,

vii



TABLE OF CONTENTS

PAGE
INTRODUCT ION
Importance of the study 1
Ob jectives of the study 2
REVIEW OF LITERATURE
Drought resistance 3
Soil moisture stress 6
Physiology of free-proline accumulation
during water stress 8
Phygiology of sugar accumulation
during water stress 12
MATERIALS AND METHOD
Field layout 14
*Materials 15
« Methods 16
~Data Collection 18
Leaf free-proline content 18
Leaf total sugar content 21
~Plant height at maturity 24
Ear height 24
Ear leaf area 24
Ear length 24
Ear diameter 24
Days to silking 25
Number of kernels per ear 25
Weight per 100 kernels 25
Grain yield per plant 25
RESULTS AND DISCUSSION
Effect of osmotic solutions and soll moisture
regimes on four corn varieties 26
Leaf free-proline content 26
Leaf total sugar content 38
Ear leaf area 49
Ear diameter 53

viii



PAGE

Ear length 55
Ear height 55
Days to silking 59
Plant height at maturity 61
Number of kernels per ear 63
Weight per 100 kernels 66
Grain yield per plant 69
SUMMARY AND CONCLUSION 72
LITERATURE CITED 75
APPENDICES 85



TABLE

1,1

1,2

1.3

2,1

2,2

2.3

LIST OF TABLES

Leaf freew~proline content at 21 days

after seedling emergence of IPB 218,

IPB Var, 1, DMR Comp, 2 and UPCA Var,
1 as affected by irrigation and osmo-
tic pressure (mg %)

Leaf free-proline content at 21 days
after seedling emergence as affected
by variety x osmotic pressure (mg %)

Leaf free-proline content at 21 days
after seedling emergence as affected
by varilety x irrigation (mg %)

Leaf free-proline content at 21 days
after seedling emergence as affected

by osmotic pregssure x irrigation
(mg %)

Leaf free-proline content at silking
of IPB 218, IPB Var. 1, DMR Comp. 2
and UPCA Var, 1 as affected by irri-
gation and osmotilc pressure

Leaf free-proline content at silking
as affected by variety x osmotic
pressure (mg %)

Leaf free-prolinme content at silking
as affected by variety x irrigation

(mg %)

Leaf free-proline content at silking
as affected by osmotic pressure x
iyxrigation (mg %)

Leaf total sugar content at 21 days
after seedling emergence of IPB 218,
IPB Var., 1, DMR Comp. 2 and UPCA
Var, 1 as affected by irrigation and
osmotlc pressure (%)

PAGE

27

28

29

30

34

35

36

37

40



TABLE PAGE

3.1 Leaf total sugar content at 21 days
after seedling emergence as affected
by varilety x osmotic pressure (%) 41

3.2 Leaf total sugar content at 21 days
after seedling emergence as affected
by variety x irrigation (%) 42

3.3 Leaf total sugar content at 21 days
after seedling emergence as affected
by osmotle pressure x irrigation (%) 43

4 Leaf total sugar content at silking
of IPB 218, IPB Var., 1, DMR Comp, 2
and UPCA Var, 1 as affected by
irrigation and osmotic pressure (%) 45

4.1 Leaf total sugar content at silking
as affected by variety x osmotic
pressure (%) 46

4,2 Leaf total sugar content at silking
as affected by variety x irrigation

(%) 47

4,3 Leaf total sugar content at silking
as affected by osmotic pressure x
irrigation (%) 48

5 Ear leaf area of IPB 218, IPB Var, 1,
DMR Comp. 2 and UPCA Var, 1 as
affected by irrigation and osmotic

pressure (cm?) 51

5.1 Ear leaf area as affected by variety
x osmotic pressure (cm?Z) 52

6 Ear diameter of IPB 218, IFB Var. 1,

DMR Comp, 2 and UPCA Var, 1 as
affected by irrigation and osmotic
pressure (cm) 54

=i



TABLE PAGE

7 Ear length of IPE 218, IPB Var. 1
DMR Comp. 2 and UPCA Var, 1 as

affected by irrigation and osmotic
pressure (cm) 56

>

8 Ear height at maturity of IPB 218,
IPB Var, 1, DMR Comp, 2 and UPCA
Var, 1 as affected by irrigation

and osmotic pressure (cm) 57
8.1 Ear height at maturity as affected
by wvariety x ilrrigation (cm) 58
9 Days to silking of IPB 218, IPB Var.

1, DMR Comp, 2 and UPCA Var, 1 ag
affected by irrigation and osmotic
pressure 60

10 Plant height at maturity of IPB 218,
IPB Var, 1, DMR Comp, 2 and UPCA
Var., 1 as affected by irrigation
and osmotic pressure (cm) 62

11 Number of kernels per ear of IPB 218,
IPB Var. 1, DMR Comp. 2 and UPCA Var,
1 as affected by irrigation and :
osmotic pressure 64

12 Weight per 100 kernels of IPB 218, IPB
Var, 1, DMR Comp, 2 and UPCA Var, 1
as affected by irrigation and osmotic

pressure (g) 67

12.1 Weight per 100 kefnels as affected by
osmotic pressure x irrigation (g) 68

13 Grain yield per plant of IPB 218, IPB

Var, 1, DMR Comp, 2 and UPCA Var, 1
as affected by irrigation and osmotic
pressure (g) 70

xii



TABLE

2a

2b

3a

3b

ha

4b

5a

5b

LIST OF APPENDIX TABLES

Correlation coefficients of warious
physiological and agronomic characters
of IPB 218, IPB Vax., 1, DMR Comp. 2
and UPCA Var. 1 as affected by irriga-
tion and osmotic pressure

Leaf free-proline content at 21 days
after seedling emergence of four corn
varieties as affected by irrigation
and osmotic pressure (mg %)

Analysis of variance for leaf free-
proline content at 21 days after
seedling ewergence

Leaf free~-proline content at silking
of four corn varieties as affected by
irrigation and osmotic pressure (mg %)

Analysis of variance for leaf free-
proline content at silking

Leaf total sugar content at 21 days

after seedling emergence of four corn
varieties as affected by irrigation

and osmotic pressure (%)

Analysis of variance for leaf total

sugar content at 21 days after seedling

emergence
Leaf total sugar content at silking of
four corn varleties as affected by

jirrigation and osmotic pressure(%)

Analysis of variance for leaf total
sugar content at silking

xiii

PAGE

86

87

88

89

90

91

92

94



TABLE PAGE

ba Ear leaf area of four corn varieties
as affected by irrigation and osmotic
pressure (cm?) 95

6b Analysis of variance for ear leaf
area 96

7a Ear diameter of four corn varieties
as affected by irrigation and osmotic
pressure (cm) 97

7b Analysis of variance for ear diameter 98

8a Ear length of four corn varieties as
affected by irrigation and osmotic
pressure (cm) 99

8b Analysis of variance for ear length 100

9a Ear height at maturity of four corn
varieties as affected by irrigation
and osmotic pressure {cm) 101

b Analysis of variance for ear height
at maturity 102

102 Days to silking of four corn varieties
as affected by irrigation and osmotic
pressure 103

10b Analysis of variance for days to
silking 104

11la Plant height at maturity of four
corn varieties as affected by

irrigation and osmotic pressure (cm) 105

11b Analysis of variance for plant height
at maturity 106

xXiv



TABLE

12a

12b

13a

13b

l4a

14b

15

Number of kernels per ear of four
corn varieties as affected by
irrigation and osmotic pressure

Analysis of variance for number
of kernels per ear

Weight per 100 kernels of four
corn varieties as affected by
irrigation and osmotic pressure (g)

Analysis of variance for weight
per 100 kernels

Grain vield per plant of four corn
varieties as affected by irrigation

and osmotic pressure (g)

Analysis of variance for grain yield
per plant

Preparation of PEG-6000 solutions
at 25°C

XV

PAGE

107

108

109

110

111

112

113



ABSTRACT

PHAWINEE CHOTIKUNTA, Central Luzon State University, Mufioz,

Nueva Ecija, October 1984, The Effects of Simulated Drought Con-

ditions on the Growth and Development of Various Corn Varieties

(Zea mays L,),

Major Professor : Prof, Julito B. Aleta

The experiment was conducted at the experimental area of
the Department of Crop Science, CLSU, from January 5, 1984 to May
30, 1984 to evaluate the physiological and other agronomic charac-
teristics of four corn varieties grown under various osmotic

pressures and soil moisture conditiuns,

Factorial in completely randomized design with three rep-
lications was used, Four corn varieties, namely IPB 218, IPB Var,
1, DMR Comp, 2 and UPCA Var, 1, five osmotic pressure levels, 0
bar (control), -5 bars, -10 bars, -15 bars and =20 bars and irri-

gation treatments, non=strese and stress conditions were used,

The results show that under stress conditions corn varieties
IPB 218 and UPCA Var, 1 produced higher leaf free-proline content
at all levels of osmotic pressure, while DMR Comp., 2 produced the

highest leaf total sugar content among the varieties, Plants

Xvi



sub jected to stress had higher degree of free-proline accumulation
as well as total sugar content which increased with increasing
levels of osmotic pressure, Based on the result, IPB 218 and
UPCA Var, 1 are more resistant to early water stress condition
while DMR Comp. 2 and IPB Var, 1 exhibited greater degree of
resistance to limiting water conditions at later stages of growth,
All varieties differed significantly in terms of ear leaf
area, ear diameter, ear height, days to silking, plant height
and 100-kernel weight but no significant variations on ear length,
number of kernels per ear and grain yield per plant were noted.
Non-stressed plants had significantly greater ear leaf
area, wider and longer ear, higher ear height and plant height
valueg, better production of kermels per ear, higher 100-kernel
weight and grain yield per plant than stressed plants.
The imposition of water stress during the germination stage
provided a conditioning, i.e., hardening effect, as evident in
the increased ability to resist moisture stress imposed at the

later stages of growth of the corn plant.
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