{11
UNIVERSITI PUTRA MALAYSIA

A STUDY OF POSSIBLE CROP COMBINATIONS IN VEGETABLE
INTERCROPPING SYSTEM WITH CABBAGE (BRASSICA
OLERACEA VAR. CAPITATA) AS THE BASE CROP

NIK AZIZ BIN NIK MAT

FP 1986 2




A STUDY OF POSSIBLE CROP COMBINATIONS IN VEGETABLE

INTERCROPPING SYSTEM WITH CABBAGE (Brassica oleracea

var. capitata) AS THE BASE CROP

by
NIK AzIZ BIN NIK MAT

A Thesis submitted in gartial fulfilment

of the requiraments for the degree of
Master of Agricultural Science in the
Universiti Pertanian Malaysia

Serdang, Selangar,

June 1986



It is hereby certified that we have read this thesis
entitled 'A Study of Possible Crop Combinations in Vegetable
Intercropping System With Cabbage (Brassica oleracea var, capitata) As
The Base Crop' by Nik Aziz bin Nik Mat, and in our opinion it is
satisfactory in terms of scope, quality and presentation as
partial fulfilment of the requirements for the degree of Master

of Agricultural Science

A AINUDDIN, Ph.D.
Assoc. Professor/Dean of Graduate Studies
Universiti Pertanian Malaysia
(Chairman Board of Examiners)

Department of Vegetable Crops
University of Florida
USA

(External Examiner)

< M“%«

MOHD. KHALID * Ph.D.
oc. Professor/
Deputy Vice-Chancellor (Development)

Universiti Pertanian Malaysia
(Internal Examiner)

MOHAMMAD MD. ALI, Ph.D.
Associate Professor
Department of Agronomy and Horticulture
Faculty of Agriculture
Universiti Pertanian Malaysia
(Internal Examiner/Supervisor)



This thesis was submitted to the Senate of
Universiti Pertanian Malaysia and was accepted as

partial fulfilment of the cequirements for the degree
of Master of Agricultural Science.

| B

) ZAINUDDIN, Ph.D.
Date : |4 HAY 1987 Associate Professor/
Dean of Graduate Studies.



DEDICATTON

Bapa, mkl
Dah, Yani, Yuni,
ard Dalila.

ii



I wish to express my sincere thanks and appreciation to my
supervisors Professor Madya Dr. Mohammad bin Mohd. Ali and Encik
Khalip Abd. Raffar for their constant advice and guidance during
the course of my research and for their invaluable criticisms of
the thesis.

I am grateful to all the labaratory and farm staff of the
Department of Agraonamy and Harticulture of Universiti Pertanian
Malaysia for making available the materials essential for the
thesis. The assistance of Encik Munir (statistician) of MARDI,
Serdang in data analysis is greatly appreciated. The financial
suppart of MARDI ard also granting me study leave is sincerely
acknowledged.

Thanks are also extended to all my friends who had helped in
one way or another and to Puan Rahimah Hj. Abdullah for typing

this thesis.

iii



TABLE OF CONTENTS

ACKNOWLEDGEMENTS
TABLE OF CODNTENTS
LIST OF TABLES
LIST OF FIGURES
LIST OF PLATES
ABSTRACT

ABSTRAK

CHAPTER 1 INTRODUCTION
CHAPTER 2 LITERATURE REVIEW
Conoepts of intercropping

Plants and varietal characteristics for
intercropping

Influence of intercropping on yield, LER
angd other agronamic characteristics of the
crops in association

Influence of intercropping on yield, LER
and other agronamic characteristics of the
crops in association when intercaopped
under different planting schedule

Influence of intercropping on the quality
and nutrient content of the base crup

Intercropping and economnic advantage
CHAPTER 3 MATERTALS AND METHODS

Experimental
Other cultural operations

Harvesting and yield recurds
Cahbage parameters

Chilli parameters

iv

Page

iii

xiv

g 8 ¢

12

14

19
19
22
26
26

30



CHAPTER 4

Long bean parameters
Okra parameters
Plant tissue analysis
Assesgment of yield advantage
Assessment in econamic temm
Data analysis
EXPERIMENTAL RESULTS
Rainfall canditiaons
General abservation
Assessment of biological yield advantage
Iand Equivalent Ratio (LER)
Area Time Bquivalent Ratio (ATER)
Assessment of econanic advantage
Relative value Total (RVT)
fross margin
Base crop evaluatian
Influence of cropping systems on yileld,
quality, percentage head rot and head
formation of cabbage
Yield
Average weight/head
Head dianetex
Percentage dry weight
Soluble solids
Ascorbic acid content
Chlorophyll cantent
Percentage head rot

Days to 50% head formation

31
32
33
34
35
37
38
38
39
41
41
45
48
48
50
52

52

52
56
58
61
61
61
64
64
64



Influence of cropping systems an

nutrient cantent of cahbage
Nitrogen
Phosphorous
Potassium
Calcium
Magnesium
Manganese
Zinc
Boran

Copper

Influence of planting intervals aon
yield, quality, egercentage head rot and

head fommation of cahbage
Yield
Average weight/head
Head diameter
Percentage dry weight
Soluble solids
Ascorbic acid

Chlarophyll
Head rot

50% head fopmation

Influence of planting intervals

nutrient caontent of cahbage
Nitrogen

Phosphorus
Potassium

Calcium

Magesium

vi

67
67
67
69
69
69
70
70
70
7

74

74
74
75
75
75
77
77
77
78

78
78
79
79
79
79



Maganese
2inc

Boran

Copper

Campanent crops evaluation

Influence of cropping systems on yield,
miber of fruits/plant, average
weight/fruit and days to 50% flowering
of chilli

Yield

Number of fruits/plant

Average weight/fruit

Days to 50% flowering
Influence of planting intervals on
yield, mmber of fruits/plant, average

weight/fruit and days to 50% flowering
of chilli

Yield

Number of fruits/plant

Average weight/fruit

Days to 50% flowering
Influence of cropping systems on yield,
nunber of fruits/plant, average
weight/fruit and days to 50% flowering
of ckra

Yield

Number of fruits/plant

Average weight/fruit

Days to 50% flowering
Influence of planting intervels aon
yleld, mmber of fruits/plant, average

weight/fruit and days to 50% flowering
of akra

Yield

vii

81
81
81
82
82

82

82

82

84
84

84

84

86

86
86

87

87
87

88

88



CHAPTER 5

Number of fruits/plant

Average weight/fruit

Days to 50% flowering
Influence of cropping systems an yield,
nmber of pods/plant, pod length,
average weight/pod and days to 50%
flowering of long bean

Yield

Muuber of pods/plant

Pod length

Average weight/pod

Days to 50% flowering
Influence of planting intervals an
yield, auber of pods/plant, pod
length, average weight/pod and days to
50% flowering of lang bean

Yield

Mumber of pods/plant

Pod length

Average weight/pod

Days to 50% flowering

DISCUSSION QF RESULTS
Intercropping systems evaluation
Base crop evaluation

Influence of croppingsystems an yield,

quality, percentage head rot and 50%
head formatian of cahbage

Influence of «opping systems an
nutrient content of cahbage
Influence of planting intervals on

yield, quality percentage head rot and
50% head formation of cabbage

viii

90

91

9
9
93
93

93

95
95
96
96
96
99
99
106

106

116

121



CHAPTER 6

Influence of planting intervals on
nutient content of cabbage 126

Campanent crops evaluation 129

Influence of cropping systems an yield,
amter of fruits/plant, average
weight/fruit and days to 50% flowering
of chilli 129

Influence of planting intervals an
yield, number of fruits/plant, average 130
weight/fruit and days to 50% flowering

of chilli

Influence of cropping systems on yield,
amber of fruits/plant, average 132
weight/fruit and days to 50% flowering

of okra

Influence of planting intervals on
yield, aumber of fruits/plant, average 133
weight/fruit and days to 50% flowering

of ckra

Influence of cropping systems on yield,
number of pod/plant, pod length, 135
average weight/pod and days to 50%
flowering of long bean

Influence of planting intervals on
yield, aumker of pods/plant, pod 136
length, average weight/pod and days to

50% flowering of long bean

SUMMARY AND CONCLUSIONS 138

BIBLIOGRAPHY 143

APPENDICES 152
Rainfall (am) distribution during the
growing period (1984) 153
1ot layout of the experimental area 154

Influence of different cropping systems
on eercentage light incidence on 155
cabbage

CGapetitive ratio of different
axrent crops grown with cabbage 156



Influence of different planting
intervals on percentage light incidence
an cahbage

Analysis of variance of land equivalent
ratio (LER) and area time eguivalent
ratio (ATER) of various intercrop
canbinatians

Analysis of variance of land equivalent
ratio (LER) of cahbage and the
ampanent crops as affected by cropping
systems and different planting
intervals

Analysis of variance of relative values
total (RVI} of wvarious intercrop
cambinations

Analysis of variance of yield, quality,
cercentage cabbage rot and 50% head
formation of cahbage as affected by

cropping systems and different planting
intervals

Analysis of variance of nutrient
content of cabbage as affected by
cropping systaws and different planting
intervals

Analysis of variance of yield, aumber
of fruits/plant, average weight/fruit
ard days to 50% flowering of chilli

Analysis of variance of yield, number
of fruits/plant, average weight/fruit
and days to 50% flowering of ckara

Analysis of variance of yield, mumber
of pods/plant, pod length, average
weight/pod and days to 50% flowering of
lang bean

Mean yield and other variables of
cabbage

Mean yleld and other variables of
chilli

Mean yield and other variables of okra

Mean yield and other variables of long
bean

157

158

159

160

161

162

163

164

165

166

169
170

1m



land equivalent ratio (LER}) and area
time equivalent ratio (ATER) of various 172
intercrop cambinations

Sample couputation of LER, ATER and RVT
of an intercrop caunbination 173



10

"

12

13

LIST OF TABLES

Sare physical and chemical characteristics
of the soil samples before the experiment

Description of treatments

Gross margin and gross profit of various
intercrop conbinations

Influence of different cxropping systems on
mean yield, quality, percentage head rot
and days to 50% head flowering of cabhage

Influence of different cropping systems and
planting intervals on yield, average weight/
head, head diameter, ascarbic acid and 50%
head formmation of cabbage

Influence of different cropping systems on
mutrient content of cabhage

Influence of different cropping systems and
planting intervals on the boron content of

cabbage

Influence of different planting intervels on
yield, guality, percentage head rot and 50%
head formation stage of cahbage

Influence of different planting intervals on
the nutrient cantent of cahbage

Influence of cropping systems on yield, aumber

of fruits/plant, average weight/fruit and
days to 50% flowering of chilli

Influence of different planting intervals on

yield, mmber of fruits/plant, average weight/

fruit and days to 50% flowering of chilli

Influence of cropping systems on yield, number

of fruits/plant, average weight/fruit and
days to 50% flowering of okra

Influence of planting intervals on yield,

number of fruits/plant, average weight/
fruit and days to 50% flowering of ckxa

xii

Page

20
21

51

53

54

68

72

76

80



14

15

Influence of cropping systems on yield, mumber
of pods/plant, pad length, average weight/pod 94
and days to 50% flowering of lang bean

Influence of planting intervals an yield,

mmber of pods/plant, pod length, average 98
weight/pod and days to 50% flowering of

long bean

xiii



FIGURE

10

1"

12

13

14

15

LIST OF FIGURES

Planting patterm of sole crops and inetrcrops

Intercrop oambinations and chranologies of
sowing/transplanting and harvesting

Diagramatic presentation of calculation of
gross margin for evaluation of intercrop
profitability

Total LER of different intercrop cambinations

Influence of 3 different planting intervals
on total 1LER of different intercrop
ocaubinations

Lmofcath?ge, carponent crops and total LER
in cabhage intercropping systems

Influence of 3 different planting intervals
on LER of cabbhage (expressed as % of the
total LER) in varicus intercrop canbinations

Area Time BEgquivalent Ratio (ATER) of variocus
intercrop cambinations

Relative Value Total {(RVT) of various intercrop

cawbinations

Influence of different cropping systems and
planting intervals on yield of cabhage

Influence of different cropping systems and
planting intervals on average weight/head
of cabbage

Influence of different cropping systems and
planting intervals on head diameter od cabhage

Influence of different cropping systems and
planting intervals on ascorbic acid cantent

of cabbage

Influence of different aropping systems and
planting intervals on days to 50% head
formation of cabbage

Influence of different cropping systems and
planting intervals on baron cantent of
cabbage

Page
23

24

36

44

46

47

49

55

57

60

63

65

73



LIST OF PLATES

Early establishment of cabbage with chilli
and cabhage with lang bean

Head diameters of cabhage intercropperd with
chilli and cabhage sole crop

Head diameters of cabhage intercropped with
lang bean and cabbage sole crop

Canopy arrangaent of chilli in relation
to overshading effect on cabhage at four

weeks after intercropping

Page
40

59

59

108



An abstract of the thesis presented to the Senate of
Universiti Pertanian Malaysia in partial fulfilment of the
requirements for the Degree of Master of Agricultural Science.

A STUDY OF POSSIBLE CROP COMBINATIONS IN VEGETABLE INTERCROPPING

SYSTEM WITH CABRAGE (Brassica oleracea var. capitata)

AS THE BASE CROP

by

Nik Aziz bin Nik Mat

The bilological and eocananic advantages of intercropping
chilli (Capsicum anmum), okra (Abelmoschus esculentus) and long

bean (Vigna sesquipedalis fruw) with cabbage (Brassica oleracea

var, capitata) at three different planting intervals were
assessed by land BEquivalent Ratio (LER), Area Time Eguivalent
Ratio (ATER), Relative value Total (RVT) and gross margin. The
effect of intercropping on yield and other horticultural
characteristics of both cabbage and the component crops were also

assessed.

Results obtained showed that chilli + cabbage, aokra +
cabbage and long bean + cabbage intercrop camnbinations
overyielded biologically and econamically as both the LER and RVT
of each of these intercrop conbinations was greater than one.
However, anly chilli + cabbage intercrop cawbination was
eananically viable if assessment was based an gross margin.

Among the different intercrop cambinations, c¢hilli + cabbage was

xvi



the most efficient cambination with the LER (1.42) and RVT (1.22)
values significantly higher than the rest. Significant intervals
X cropping systems was recarded for LER. Nevertheless, there was
no true biological advantage if the intercrop productivity was

assessed by ATER.

Planting intervals interacted with cropping systems for
yield, average weight per head, head diameter, ascorbic acid
content and 50% head fonnation of cahbage. Intercropping had no
significant effect on percentage dry weight, soluble solids,
chlorophyll oontent and 50% head formation of cabhage.
Intercropping significantly increased the P, K, Mg, Mn and B
contents of cabbage. However, intercropping also had no
significant effect on the N, Ca, 2n and Cu cantents of cabbage.
Similarly, the different planting intervals had no significant

effect on the P, Ca, K, Mg, Mn, Z2n, B and Cu contents of cabbage.

Intercropping had no significant effect on yield, number of
fruits per plant, average weight per fruit and days to 50%
flowering of chilli and yield, average weight per fruit and days
to 50% flowering of both okra and lang bean. On the other hand,
intercropping significantly increased the number of fruits per
plant and number of pods per plant of okra and long bean

respectively.

Increase in planting intervals had no significant effect on
yield and mmber of fruits per plant of chilli, okra or lang
bean. However, increase in planting intervals significantly

xvii



decreased the average weight per fruit (pod) of both okra and

long bean and caused delay in flowering of chilli and long bean.

xviii



RAbstrak tesis yang diserahkan kepada Semat Universiti
Pertanian Malaysia sebagai memenmuhi sehahagian dari keperluan-
keperluan untuk Ijazah Sarjana Sains Pertanian.

SATU KAJTAN MENGENAT KEMUNGKINAN KOMBINASTI TANAMAN SELANGAN
DI DAILAM SISTEM PENANAMAN SELANGAN SAYUR-SAYURAN

CENGAN HOBIS (Brassica oleracea var. capitata)

SEBAGAT TANAMAN ASAS

Oleh

Nik Aziz bin Nik Mat

Ketua Penyelia : Profesor Madya Dr. Mohammad Mohd. Ali
Penyelia : En. Khalip bin Abdul Raffar

Fakulti Pertanian

Prestasi dari segi biologi dan ekonani  sistem-sistam
cenanaman selangan cili, kacang bendi dan kacang panjang dengan
kobis pada tiga selangan penanaman (planting intervals) telah di
nilai dengan kaedah-kaedah Nisbah Persamaan Tanah (LER), Nisbah
Persamaan Keluasan-Masa (ATER), Jumlah Nilai Relatif (RVT) dan

pulangan kasar (gross margin). Kesan sistem penanaman selangan ke
atas hasil dan sifat-sifat hortikvltur lain bagi tanaman kobis

dan tanaman-tanaman kammnen juga di nilai.

Keputusan kajian menunjulkan sistem-sistem selangan cili +
kobis, kacang bendi + kobis dan kacang panjang + kobis mempunyai

nilai-nilai IER dan RVT melebihi satu. Ini bermakna sema sistem



selangan ini berdaya maju dari segi biologi dan ekanami. Walau
bagaimanapun hanya sistem selangan cili + kobis sahaja yang dapat
memberi pulangan yang berdaya maju jika di nilai prestasi dengan
kaedah pulangan kasar. Sistem selangan cili+ kobis adalah sistem
yang paling efisien di antara ketiga-tiga sistem selangan yang
diuji. Nilai-nilai IER dan RVT bagi sistem ini masing-masing
ialah 1.42 dan 1.22. Interaksi antara jarak selaangan dan sistem

cananaman bagi LER adalah ketara.

Selangan penanaman berinteraksi dengan sistem-sistem
penanaman bagi sifat-sifat hasil, purata berat/biji, garus
pusat, kandungan asid askorbik dan tarikh 50% pembentukan kepala
kabis., Sistem penanaman selangan mamberi kesan yang tidak ketara
ke atas % berat kering, bahan pepejal terlarut, kandungan
klorofil dan 50% tarikh pembentukan kepala kobis. Kandungan P, K,
Mg, Mn, dan B di dalam tisu kobis bertamteh dengan ketara bagi
sistem-sistem pepranaman selangan. Walau bageimanapun sistem
Enanaman selangan tidak eemberi kesan yang ketara bagi kandungsn
N, Ca, Zn dan Cu di dalam kobis. Begitn juga selangan penanaman
tidak memberi kesan yang ketara ke atas kandungan P, Ca, K, Mg,
Mn, Zn, B dan Cu di dalam tisu kobis.

Sistem penanaman selangan tidak memberi kesan yang ketara ke
atas hasil, bilangan biji/pokak, purata berat/biji dan tarikh 50%
terbunga bagi tanaman cili. Begitu juga sistem penanaman selangan
tidak memberi kesan yang ketara terhadap hasil, purata berat/biji

dan tarikh 50% berbunga bagi tanaman-tanaman kacang bendi dan



kacang panjang. Walau bagaimanapun, bilangan biji/pokok dan
bilangan lenggai/pakok bagi tanaman-tanaman kacang bendi dan
kacang panjang dipengarudhi dan bertamteh dengan ketara oleh

sistenm penanaman selangan.

feningkatan tewpch selangan penanaman tidak aqemberi kesan
yang ketara ke atas hasil dan bilangan biji/pokok bagi tanaman-
tanaman cili, kacang blenli dan kacang panjang. Walau
bagaimanapun, purata berat/biji tanaman kacang bendi dan purata
berat/lenggai tanaman kacang panjang bertamhah dengan ketara
dengan meningkatkan tempah selangan penanaman. Sebalixnya, tarikh
50% berbunga bagi tanaman-tanaman cili dan kacang panjang

tertanhah dengan peningkatan tempch selangan penanaman.



CHAPTER 1

with the present world food shortages, increasing food
proaduction can no longer depend only on the increase of arable
land and of yield of monoculture crops, but also on  increasing
the efficiency of land utilization for farming (Nasr et al.,
1978). Multiple cropping, the growing of more than one crup per
year on the same piece of land, is one of the more feasible ways
that allows for more efficient use of agricultural 1land. Though
the potential of this system is not yet very well explored in the
world, econamic surveys (e.g. WNarman, 1972; 1974 a, b) amd
experimental studies (Agbola and Fayemi, 1971; Palmer, 1971;
Bradfield, 1972) have anply demanstrated that where agriculture
is capital scarce and labour intensive, and pest and disease
incidence usually high, multiple cropping gives higher and more
dependable returns than monocropping (Ogunfoworo and Narman,
1974).

One of the nmmltiple cropping sSystens that involves the
growing of two or more crops species on the same piece of land at
the same time is called intercrupping. Crops grown urder inter-
cropping system can be in altemating rows or even mixed together
within rows (Crackstan, 1976). Many successful intercropping
carnbinations have been cited. These include corn (Zea mays L) and

dry bean {(Phaseolus sp.) mixtures in Latin america, dryland rice





