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ABSTRACT

A fied experiment was conducted under irrigation at the Institute for
Agricultural Research (1.A.R), Ahmadu Hello University. Samaru, Zaria during
1993/94 (November-April) dry season to study the response of garlic {Allium
sativum 1..) to different levels of nitrogen (0, 40, 80 and 120kg/ha) and intra-row
spacing (5x10, 10x10 and 15x10cm). Application of nitrogen significantly increased
plant height, number oi' leaves/plant, fresh and dry leaf weight, fresh and dry bulb
weight, % bolters, bulb diameter, number of cloves and total bulb yield/ha with
optimum values at 40kg/ha rates of N. The number of days to crop maturity, dry
matter contents of bulb and average weight per clove were, however, reduced by N
application.

Increasing intra-row plant spacing from 5x10cm to 15x10cm significantly
increased leaf fresh and dry weights between 6 to 15 weeks after planting (WAP),
the mean weight/bulb at 15WAP, % bolters, bulb diameter, mean fresh weight of
mature bulb, number of cloves/bulb and bulb yield/ha. However, spacing had no
significant effect on plant height, number of leaves per plant, dry bulb weight
between 6-15 WAP. days to crop maturity, bulb dry mallei- content and mean
weight/clove. The interaelion of nitrogen and spacing was significant on number of
leaves/plant, bulb diameter, mature bulb weight and number of cloves per bulb
which were maximized by the combination of 80kgN/ha with 15x10cm, while the
effect of these treatments on yield was optimum at N rate of 40kg/ha plus intra-row

spacing of 5x10cm or 10x10cm depending on the quality of the crop needed.

Vi
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CHAPTER ONE

1O INTRODUCTION

Garhie ( Allan sativaan 1) is a bulb crop belonging to the family
Alliaceae. It is the second most widely used of cultivated Allium after onions (
Allium  cepa ). It is an ereet herb. 30 1o 60cm tall. with superticial adventitious
roots. It produces a bulb which 1s composed of small bulblets ( cloves ). The
leaves consist of 1Tat longitudinally folded leaf=blades diverging at widely spaced
intervals from its false solid stem. The inflorescence, if present, consist of long
pinkish flower but seldom produces sced(s). Small bulbils may. however, be
produced in inflorescence (Purseglove, 1972}

L1 Origin and Distribution

Garhe origmated  trom central Asia (about 3,000 years) and 1s an®
important  spice  and  condiment crop  throughout countries  bordering  the
Mediterrancan and in arcas which have been populated by southern Europeans,
especially, China, India, Lgypt. Philippines, Greece, Rome, Portugal and France
(Purseglove. 1972 and Tindal. 1986) .

In Nigeria, garlic 15 not a new crop as it has been in cultivation for many
decades n parts of Kano State (Kola. Kiru cie). Sokoto State (Achida and
Wurno) and Borno State.  Today its cultivation is rapidly spreading to other

savanna arcas (Baucht and Jeaws States),



L2 Climatic requirements

Garlic 18 a cool weather foving crop with a moderate  moisture
requirement. It is susceptible to high soil moisture which may cause rotting of
roots and bulb scales. In Nigeria it is grown during the cool dry season
(November - February) under irrigation.  However, bulbing and its maturity are
favoured by long warm day (Jones and Mann, 1963).

I3 Feonomic importance

Garlie cloves contain approximately 63% water, 7% protem, .2% fat,
28% carbohydrate, 0.8% fibre and 0.1% ash. It contains pungent sulphur
compounds which make it popular in many countries where it is used as
condiments for flavouring other foods {Purseglove, 1972).

According to Purseglove (1972), Spain s the world's largest producer
with over 100,000 tonnes per annum,  Other important producers are Egypl,
France, Mexico, Japan, California, East Europe and Brazil. The crop is used in
preparing salad, salami sausages and many other foods.  In medieval Europe it
was widely used for distmguishing the smell and flavour of salted meat and fish.
In India and China, it is olten used as curries, while in Philippines, castern Asia
and parts of the tropies, the green tops are used as well as the bulbs. Dehydrated
garlic, in powdered or granulated form. is replacing the [resh bulbs for industrial
and home use in the United State and many advanced countries.

The medicinal values of garlic was recognised since very early times.

although no  longer accorded strong  status in modern Pharmacopocias



(Purseglove, 1972). But i recent times 'Garlic salt’ and other synthetic drugs’
mostly used by hypertensive patients 15 now flooding the markets in the
developed as well as the developing countries. Garlic has been used as powerful
antidote against poisons of all  Kinds as well as antibacteria. Garlic contains
volatile sulphur oils. principally, dialiyl thiosulphinate and lesser amounts of
several other organic sulphides as well as allicin {Purseglove, 1972). In Nigeria,
garlic i1s also popularly used for medicinal purposes. whether singly or in
combination with some other herbs for curing colds. hypertension  and
hemorrhoids. 1t 1s also a commercial cash crop (personal communication).  For
example, a bag (approximately weighing 35-45kg) was sold for 1.600 and 1,800
naira (about 60 - 70 naira per Kg) in 1993 at farmers level. The selling prices
during off scason is much higher.
L4 dustification for this research

A number of workers in many parts of the world have shown that garlic
production can be improved through plant spacing and nitrogen fertilization
(Kusumo and Widjajanto, 1973: Lucero ¢r  «l, 1982: Alcksiev. 1989).
However, the crop’s responses to such cultural practices vary with the local
conditions of weather and soil (Aljarou and Lscall 1976; Lazzart ef  al, 1978;
Maurya and Bhuyan, 1982; Nelson, 1983: Ruiz, 1985), Unfortunately, there is no
evidence ol rescarch on garlic production i Nigeria where the crop has been in
cultivation lor decades. Even though. most of the garlic growers in Nigeria have
developed their own cultural practices of cultivating the crop. there is a need to

evaluate the efficiency and clfectiveness of these practices particularly because



they wvary greatly. For example. in Kola arca. plant spacing vary from
approximately 0 - 1lem between row and 5 - 10cem within the row. Likewise,
fertilizers are applied by broadeasting method without much care on the of type
or rate of apphication. With good practice. 11 has been possible to obtain yield of
20.5tha (Muksoud et ¢l 1984). The Nigerian farmer is currently obtaining about
5-7t/ha (field sample estimates) which is tar lower than the world’s average of 10
to 15¢/ha (Jones and Mann. 1963, There is need to assess the crop reponses to
variable production practices in order to obtain appropriate treatments for
maximizing the yield. It is with this aim that the present work was under taken,
specifically.

(1) To determine the effect of nitrogen fertilizer level and plant spacing on
growth and vield of garhic and

(2) To determine whether there is any significant nitrogen by spacing interaction

on the growth and yield of garlic.



CHAPTER TWO
20 LITERATURE REVIEW

2.1 I ffeet of nitrogen on growth
and development of garlic

Nitrogen s very important element for plant growth and development
which is usually quite limiting in most savanna soils.  Thus. several workers have
reported significant responses by garlic to N application.

Norvais ¢t al, (1974) in an experiment carried out in Brazil rcpnrlcd'
that increasing rates of ammonium sulphate fertilizer from 0 - 100Kg/ha
increased the leal nitrogen, phosphorus and magnesium contents.  From
Indonesia. Aliudin and Suminto(1978) reported that application of 240kgN/ha
increased the  growth and development of garlic plants. Brave and Duimovic
(1978) from Chile showed that garlic plants receiving 73 or 225kg/ha produced
62 and 75.9% of premium grade bulbs, respectively.  In experiments reported
from Indonesia by Aliudin (1980), the application of 50, 123 and 275kgN/ha
produced increasingly positive etiects on garlic growth and development, with
the optimum nitrogen rate at 172.81kg/ha.

Lachica (1982) reported that application of 30kg or 45kgN/ha produced
optimal rate of growth in garlic crop. However. in an experiment carried out in
India by Singh ¢ @, (1984). using 6 levels of N (0.50.100,150,200 and
250kp/ha). it was observed that plant height mereased with inerease in N levels
from 0 - 100kg/ha, while further increase beyond this level was exeessive and

{
dc?resscd growth . Maksoud ¢f ¢/ .. (1984) in Lgypt found a significant influence

of N on garlic growth and development.  Buwalda (1986) 1rom New Zeland



reported that increasing N-rates inereased the vate ol leal production and leaf
extension, particularly for the first leaf. In a field wial carried out in Ukraine,
Borabash and Kochina (1987) found that application of 90kgN increased the
assimilatory leal arca and photosynthetic productivity,

2.2 LEffect of nitrogen on yield
and development of garlic

Nitrogen fertilizer when applied in adequate quantities s essential for
high bulb yield in garlic crop. In a field trial carried out in Brazil, cultivar
“Amarante” showed the greatest yield response (o the application of ammonium
sulphate followed by the cultivar “Barbado™ and “Branco™ (Menezes of  al.
1974), In another trial at Bahia Blanca, Argentina. top dressing with 75keN/ha
applied tin June [ollowed by 75KkeN m September with or without irigation was
compared. It was observed that the best yield of high quality garlic was obtained
from plots receiving nitrogen plus irrigation(Lazzact ¢t af 1978},

Altudin (1980), reported that varying rates of nitrogen at 50,125, 200 and
275kg/ha were applied once at 0 and 30 days only or in three splits at 0.15 and 30
days, or 15, 30 and 45 days alter planting. The results showed that the time-of
application did not affect growth or yield; but the relationship between nitrogen
rate and bulb vield (dry weight) was quadratic with the maximum yield at
172.81kgN/ha.

Kibreab and Hiranburana (1981) in a two year rial, carried out in
Thailand compared 4 levels of N-fertilization (30, 60, 90 and 120K g/ha). Prior to
sowing, a high level of manure was also applied . (7.5¢ha in 1978 and 6.5Vha in

1979/80). In both years, there was no response to increasing  levels of nitrogen.



This may be an indication that optimum nutrient supply was achieved even at the
lowest rate ol lertilizer with manure, From Chile  Escalf and Aljarou (1982)
found that Y0k N/ha had no etlect on yield or quality of garlic in one trial. But
in a second lertibizer experiment with varyving rate of N (0, 75, 150 and
225kgN/ha). the application of up to 150kg/ha increased the vield and guality of
the bulbs,

In a trial by Nelson (1983) from New Zealand application were made of
nitrogen at 100, 150 and 200kg/ha as a base dressing. and 0. 50 and 100kg as
side dressing at 100 dayvs alter planting. The application ot lertilizer hoth basal
and side-dressing improved vield and bulb size.  Singh ¢ «fl, (1984) i an
experiment using 6 different N yates (0. 50 1000 150, 200 and 250k gN/hajreported
that yield o' bulbs as well as individual bulb size mereased with increase in N
level up to 150kg/ha, but beyond this level the yield was decreased. Maksoud er
al., (1984) also reported a significant favourable effects ol N application on’
yield, bulb diameter and weight per bulb.  These workers observed that the
addition of N at 360kg/ha meyeased the yield of cured marketable bulbs  from
12.4 to 20.53¢ha in one trial, and from 13.6 1o 17.30ha in another trial.  Ruiz
(1983) in a field trial carried out in Chile reported that increasing rates of applied
N from 0 to 150 Kg/ha increased bulb vield from 4.6 to 10.6 tonnes/ha. The bulb

quality was also increased with increasing nitrogen application up to 225kg/ha,



S Effect of plant spacing on growth
and development of garlic

Varving the spacing between plants have been ltound to have a great
influence on growth and development of many cultivated crops (Thompson,
1939). Crops planted at wider spacing tend to establish better compared with
those closed spaced. because the widely spaced plants are able to intercept more
light and suffer less of competition for nutrients. hence. yielded more  per
individual stand (Singh ¢ «/, 1984),

Om and Srivastava (1977). in India observed an inercase in plant height
and diameter, leat number, bulb size and clove number when cloves of local
garlic cultivar were planted at the widest spacing, While Brave and Duimovic
(1978) reported a decrease in the number of garlic bulbs with lateral shoots when
plant density was increased from 333,000 plants per heetare to 830,000 plants/ha,

However, Lachica (1982) found that optimal spacing of 15 x 15¢m and 20
x 20cm improved growth of garlic crop.  Field trials were  carried out by
Maksoud e¢r «f, (1983) at three Jocations with garlic cultivar “Egyptian™ and
“Chinese” with the plants spaced at 5,10 and 1 5em within ridge and 50 and 60cm
between ridges. The results showed that the fresh and dry weight ot plant were

greatest at the wider (13¢m) than at the closest (5em) spacing.



24 Effect of plant spacing on vield
and yield attributes of garlic crop

Garhie crops plavted ot the widest spacing were found (o give the
maximum vield of bulb per stand (Rahman and Talukdar,1986) but lower yield
per unit area in comparison to closer spacing, This showed that the improvement
in individual plants at wider spacing did not  compensate lor the reduction in
yield due to decrease in plant population. On the other hand. closer spacing may
produce highest yield but the quality of produce may be adversely affected and
may not attract better price in the markey(Singh  er  «f . 1984). Duranti and
Barbieri (1986} in ltalv reported that garlic crop at 16.7 and 33.3 ]\|;1lll}iv’I]]:A
produced the highest vield but lower mean bulb weight than at lower plant
densities. Kusumo and Widjajanto{1973) in Indonesia obtamned best yields at
spacing of 15 x 153 and 13 x 10em, From Ukraine Bogantirenko (1976) obtained
the highest vield at spacing of 43 x dem.

Duimovie and Bravo (1979 reported that when cloves  were planted at

330,000, 450000 and 830,000

1, the vield of exportable bulbs (greater than
5.1em in diameter) was reduced although the total vield (t/ha) was increased with
increasing plant density. These workers recommended the fower plant density of
333,000 plants/ha for maximum yiceld of exportable bulbs. It was also reported by
Lucero er al (1982) that when garlic cloves of 5.8, 4.6 or 3,6¢ mean weight
were planted at densities of 160,000 or 200.000/ha, the wial bulb yield was

highest (7400kg/ha) using 5.8g cloves at the maximum planting density. But for



each clove weight category, the lower planting density produced the maximum
proportion of large bulbs (46 - 55mm diameter).  Also Singh ¢ al.. (1984)
reported that deercasing intra-row plant spacing from 15-10em inereased total
bulb yield but the individual bulb size was decreased.  However, Maksoud  ef
al., (1984) obscrved that total bulb yield was largest at the closest (5¢m) spacing -
compared to a spacing of 15em.

In field trail carried out in Indonesia by Wardjito e/ «l.. (1988), garlic
cloves of weight 0.6 - 1.0, 1.1 - 1.5 or 1.6 - 2.0g were planted at spacing of 10 x
10, 15 x 10, 20 x 10, 15 x 15, 20 x 15 or 20 x 20cm. The results obtained showed
that garlic yield tended 10 be lower when smaller cloves were used at the closest
spacing than at the other wider spacing . However, clove size and spacing had
no effect on individual bulb weight. This is because, vield increased as the size
of mother bulbs was changed from small 1o Targe and planted at ¢loser spacing,

Lammerink (1989), in another experiment carried out in New Zeland,
planted large garlic cloves at 10em apart in row and small cloves at either 10 or
Sem apart  (giving population densities of 200,000 and 400,000 plants/ha,
respectively). The small cloves gave lower total vield than larger cloves at the
wider spacing of 10em, But the small cloves {2 - 3g) at Sem apart gave the best
total yield wmad the highest yield of large bulbs of 50 -60mm diameter.

However, Orlowski and Rekowska (1989) in an experiment carried out in
Poland indicated that when garlic cloves weighing 2.5, 3.5 or 5.0g were planted

at 30 x 6,30 x 8. 30 x 10 or 30 x 12¢m spacing. the highest vield was obtained



from 5.0g cloves planted at 30 x 12¢m but the 5.0g cloves planted at 30 x 8¢m
gave the best yield of marketable bulbs.

From Bulgaria Aleksiev (1989) found that when garlic cloves were
planted at various spacings between 12 x15 and 12 x 7.8¢em. better results were
produced at wider or closer mtervals.

2.5 Nitrogen and spacing interaction

The interaction among environmental factors often produce great
influences on crop performances (Cooke, 1975),

Pall and Padda (1972). in a work on onions in India reported that when
mother bulbs were planted at spacing of 20, 35 or SOemand  given 20, 40 or
60kgN/ha, the sced yield obtained was highest with the combination of  the
closest spacing of 20em and N at 40kg/ha.  In another field trial plants were
spaced at 10 or 15c¢m apart and received N at rates varying from 64 - 256kg/ha,
the result indicated the best bulb size was obtained at I5cm spacing with
256kgN/ha compared with other treatments (Sotomayor, 1975).

Aljarou and Escatt (1976) reported that high yield and optimum bulb size
were obtained from plants receiving N at 150kg/ha and spaced at 10 x 10em than
at other treatments. In the work reported by Minard (1978) in New Zealand, l]lc-
highest bulb yicld was obtained with the closest spacing (10 x 25cm) and the
highest N level (210kg/ha) than at the treatment with widest spacing of (15x
25cm) fertilized with 210kgN/ha.  But the percentage dry matter content was
highest trom the unfertilized plots under the closest spacing (10 x 25em). In the

work reported by Bravo and Duimovie (1978) on garlic crop planted at spacings



varying between 6 x Sem - 9 x Yem and fertihized with either 75 or 225kgN/ha,
plots spaced at 8 x 8 emv and recetving 75 or 225KeN/ha produced 62 and 75.9%
bulbs with lateral shoots, respectively: thus gave bulbs with more number of
cloves. From India Maurya and Bhuyan (1982} reported the highest yield of
8.20/ha, was obtained when garlic plants were closely spaced at 10 x 10em and
receiving fairly high level of N at 150kg/ha than at wider spacing of 20 x 10 or
15 x 10em receiving N fertilizer higher or lower than 150kgN/ha.

In a three year trials carried out in Zaria, with onion, a specie related to
garlic, Amans (1989) observed that the highest number of leaves per plant and
weight/bulb was produced from the treatment combination of 80kgN/ha and the
widest spacing ol 25 x 15¢m, but the total yield/ha was best at closer spacing ol
15 x 15¢m with same N level.

Vishu and Prabhakar (1989) found in another three vears trial carried out
in India that onion plants spaced at 15 x 10, 15 x 13 and 15 x 25¢m and received
Nat 0, 753 or 130kg/ha. The highest yields were generally highest with the closest
spacing (15 x 10em) and 150kgN/ha, but the cost: benefit ratio was optimal at the

closest spacing and N at 73kg/ha.



CHAPTER THREE
3.0 MATERIALS AND METHODS
34 Experimental site

The experiment was carried out during the 1993/94 dry season under
irrigation at the Tnstitute for Agricultural Research (IAR Marm, Samaru (117 12'N,
07° 38'L) in the Northern Guinea Savanna ccological zone ol Nigeria. The
effective sunshine hours during period of experimenting varied from 7.4 hrs in
November/December to 0.1hrs i the month March/April. - The mean daily
relative humidity was generally low (between 34.5 - 10.5). Detailed data on the
weather factors taken from the LAR farm meteorological station is shown in,
Appendix 1.

Samples ol soil trom the expermmental site were taken at depths of (-
15¢m and 15-30¢m belore planting . The bulked samples for each depth range
were analysed for some physical and chemical charactenistics (Appendix [1). The
nature ol the top soil was sandy loam. slightly acidic (5.4 ), low in organic

carbon(0.35 ), low percent total nitrogen (0.08 y and available phosphorus (5.56 ).

3.2 Test-crop variety
A local variety of garlic "Ex-Kola", popularly grown around Kofa village
in Kano State was used. Phe mature bulb is globular in shape with white outer

covering. he cloves have pink or light pink outer skins.



35 Treatments and experimental design
The treatments consisted of four levels of nitrogen (0.40.80 and 120kg/ha)

and three plant spacing (3x10, 10x10 and 13x10cm).in factorial combinations that

were arranged in a randomized complete bloek design with three  replications.
Each plot was of 1.0m x 3.0m dimension (3.0 square meter) in gross size.having .
nine rows of plants, spaced at 10cm apart.  The intra-row spacing was varied as
per treatment at 3.10 and 15cm. The net plot at harvest consisted of five central

plant rows (0.5x3.0m).

‘ad
I~

Land preparation

The field was ploughed, harrowed and marked out with parallel rows of
plots separated by 0.5m channels or foot paths. The plots were bounded by low
bunds to form a slightly low basins to contain irrigation water.  The basins were
properly levelled and pre-trrigated a day prior 1o planting.

3.5 Presplant and planting operation

Planting was carried out on 26th November, 1993, A day before
planting, bulbs were separated into individual cloves with only the large and
healthy ones selected and soaked in water overnight. Planting was done manually
on the prepared plots, with  one clove planted per stand. At 2 weeks after
planting(WAP), caps from non-germinated cloves were replanted.

3.6 Fertlizer application

Single superphosphate (18% P, 05 ) at the rate that provided 19.4kgP/ha

was incorporated into the basins as basal fertilizer before planting. Calcium

ammonium mtrate { 26%N) was used as source of N-treatment which was applied



at the rates of 40, 80 and [20kgN/ha in two equal split doses by band placement
between the rows. The first application was at 3 WAP while the other half was
applied at 6WAP.
3.7 Drrigation and weed control

Irrigation was supplied by surtace flooding the basins at a 6-7 days
interval. Weeding was done manually using both hand picking and hoe weeding.
A special narrow bladed “onion hoe™ was used during hoe-weeding. In all, three
hoeing were camied out at 3. 6 and 9 WAP.  The most predominant and
obnoxious weed observed was nut sedge ( Cyperus  rotindus ).

3.8 Pest and Diseases

There was no observable incidence of either pest or disease attack on the

crop throughout the growth period.
29 Maturaty and havvest

Maturity was indicated by healthy browning and drying or wilting of the

crop foliage. The crop was harvested on 31st of March and 1st of April 1994 by

hand pulling, assisted by hoe-digging the bulbs.

10 Observations recorded
A sample o 5 plants per plot were taken randomly at 3 weeks interval

from 6-13WAP for the purpose of determining the height, number of leaves, leal

fresh and dry weight and bulb fresh and dry weight per plant.



3.10.1 Plant height

Plant height was measured as "stem” height from ground level to the tip of .
the tallest leall using a metre-rule.  The average heights of the 5 plant samples
were expressed in centimetre per plant.
3.10.2 Number of leaves per plant

Fhe number of leaves per plant was recorded as the average number of
fully open leaves from the five plant samples.
3.10.3 Foliage (top) fresh weight

The tops of the 5 plant samples per plot were cut at ground level and
weighed using a 'Mettler' balance. The average weight per plant top was recorded
in grams.
3.10.4 Foliage (top) dry weight

The fresh tops after weighing were cut into pieces and placed in an oven
set at 70°C. 1o dry to a constant weight.  The dry materials were weighed and
average weight expressed in grams per plant.
3.10.5 Bulb fresh weight

The bulbs of the sampled plants were separated from the tops, washed,
air-dried on tissue paper for few minutes. The plant roots were trimmed off and
bulbs weighed on balance. The mean weight per bulb was expressed in grams.,
3.10.6 Bulb dry weight

The fresh bulbs after weighing were cut into small pieces and oven-dried”
at 70°C 10 a constant weight. The dry material was weighed and the average

weight per plant expressed in grams.



3.10.7 Proportion of bolted plant

As from ISWAP some plants were found 1o initiate reproductive growth
by shooting up Hower statks (bolting).  Eventually none of these bolters actually
formed tlowers ar seeds but the number ol such plants were counted per plot and
their proportion expressed as percentages of the total plants per plot
3.10.8 Number of days to crop maturity

The number of days to crop maturity was estimated by visual observation
made every 2-3 days. When more than 30% of the total plants per plot have
changed colour from green to yellow, began to wilt and dryv. the plot was
assumed to have matured.  The number of days Trom planting to crop maturity
were averaged across plots per treatment.
3,109 Mature bulb diameter

Five bulbs were randomly sampled per plot after the mature crop was
harvested and air-cured for 7 days.  The diameter of the sampled bulbs were
measured using a vernier calliper and the average bulb diameter expressed in
centimetres,
3.10.10 Mature bulb weight

After crop harvest, the five mature and air-cured bulbs sampled per plot
were weighed on balance, The average weight per bulb was expressed in grams.
31011 Mature bulb dry weight

The 5 bulb samples used in 3.10.10 were cut into small pieces and oven
dried to a constant weight at 70°C. The average dry weight/plant was expressed

in grams.



310,12 Percentage dry matter content/bulb

The dry matter content of the mature bulbs using the 5 samples, was
expressed as percentage of the dry weight per initial fresh weight per bulb.,
310013 Number of eloves per bulb

Cloves were separated from each of the five bulbs sampled per plot. The
averaged number of cloves/bulb were determined and recorded.
310,14 Average weight/cloves

The mean weight per clove was determined after counting and weighing
the total cloves obtained from the 5 bulbs sampled per plot. The average weight
per clove was expressed in grams.
3.10.15 Bulb yield per heetare

The total bulbs harvested [rom the net plot (1.5m x 3.0m) were weighed
after 7 days of air-drving (curing).  These plot vields were then expressed in
tonnes per hectare,

300 Statistical analysis of dat

All the crop data recorded were statistically analysed and any where the -

value was found to be significant. the treatments means were compared using '

Duncan’s Multiple Range Test (Steel and Torrie. 1981),



CHAPTER FOUR
4.0 RESULTS
4.1 Plant height

Fable 1 shows the effect of treatments on the heiah of plant at various
sampling dates. Plant height was signilicantly increased by N oapplication at all
stages ol sampling. However, no significant difference in height  was recorded
between 6 and 1 20kgN/ha.

Inereasing intra-row spacing had no signiticant effect on plant height at all
the sampling periods,  Likewise. the nitrogen x spacing interaction was not
significant on plant height,

4.2 Number of leaves

The number of leaves per plant as affected by the treatments 1s shown in
Table 2. Nitrogen application significantly increased the number of leaves at all
sampling periods except 6WAP. However. there was no significant differences
among the apphed N levels (4080 and 120kg/ha). except at 9WAP when the
difference between 40 and 80kgN/ha was Jound to be significant.

The vanation in intra-row spactng had no significant effect on the number
of leaves per plant at all the stages ot samplings. However, the ateraction of

nitrogen with



Table 1: Effect of nitrogen and spacing on plant height {em) of garlic at

Samaru ducing the 1993/94 dry season.

- Weeks atter planting

Treatments 6 9 12 15
Nitrogen rate (kg/ha)
0 34.0b 40.0b  38.1b 38.9b
40 42.0a 49.7a 489 48.7a
K 80 46.5a 52.7a  49.64 50.2a
120 47,00 51.0a 452ub 46.3a
S.E+ 1.51 1.02 234 2.50
Spacing (¢m)
3x10 44.1 46.9  44.0 44.2
10x10 43 4 | 49.6 429 44 .8
15510 43.5 49.4 48.8 491 .
SEz+ L3I 0.88 2.02 2,16
actio
N xS NS NS NS NS

Means tetlowed by the same letter(s) within same tealent group are not
statistically different using Duncan’s muluple runge lesy(P=0.05). NS = Not

significant.
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Table 2: Lffect of nitrogen and spacing on number of leaves per

plant of garlic at Samaru during the 1993/94 dry season.

Weeks after planting

Treatiments 6 9 [2 15

Niteogen (kg/ha)

0 4.38 5.60¢ 8.52b 11.08b
40 4.78 5.87he 12,814 19.33a
80 4.7] 6.3 14 13.22a 22.70a
120 4.78 6.21ab [1.70a 19.70a
Skt 010 0.0 .08 .54
Spacing ()
Sx10 _ 4 .47 5.96 LAY 14.06
10x10 4.83 5.90) 10,92 19.03
15%10 4,68 63 [2.39 21.53
Sk 0.14 0.08 0.94 .34
[nteraction
NxbS NS * NS NS

Means followed by the same letter(s) within swme treatment group are not
statistically different using Duncan’s multiple range test(P — (L05). NS = Not

significant, * = Sigoficamt dilferences at P — 0.05
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spacing was significant at YOWAP(Table 3). At the closest spacing (5x10cm),
the maximum leal number was obtained with the highest N rate (120kg/ha). But
at wider spacing the highest leaf number was from 80kgN/ha, although at par
with the 120kgN/ha treatment.  The eflect ol changing the crop spacing at fixed
rates of N revealed that spacing had no significant effect on leat number at 80 or
120kgN/ha. But at low N rate of 0 and 40kg/ha. widening the spacing from

10x10 to 153x10cm inereased leat production.

Table 3: Interaction of mitrogen and spacing on number of leaves
per plant (9WAP) of garlic at Samaru during the 1993/04

dry season.

Spacing (em)

Treatments Sx10 [0x10 [5x10

Nitrogen rate (kg/ha)

U 35.67¢de 527e 5.87bcd
40 3.87bed 3.53de 6H.20ab
80 6.07abe 6.47a 0,400
120 6.23ab 6.33ab 6H.07a-¢

S.E+ 0.15

Means foliowed by the same letter(s) within same treatment group are not

statistically different using Duncan’s multiple range test(P = 0.05)



4.5 Fresh leaf weight

The response of leat fresh weight to treatments is shown in Table 4. The
application ol nitrogen significantly increased leal weight. At 6WAP. the.
application of 40kgN/ha, however. did not cause a significant increase in leaf
weight. The differences between N rates ranging from 40 to 120kg/ha were also
not significant.

Varying the intra-row plant spacing at 9 and 12 WAP had no significant
effect on leal fresh weight, But at 6 and 15WAP increasing intra-row plant
spacing from 5 to [5em led to a significant increase in leal [resh  weight. No
significant difTercnce was observed between 3 x 10 and 10 x 10em or between 10
x 10 and 15 x 10¢m.  The nitrogen and spacing interaction was not significant on
leafl Iresh weight.

44 Leaf dry weight
Data on leaf dry weight as atlected by treatments is shown in Table 5. Dry leat
weight was not significantly atfected by nitrogen application at 12 and 15WAP.
But, at 6 and 9WAP, N application signilicantly increased leal dry weight, though
the differences between 40, 80 and 120Kg N/ha were not significant. At 6WAP,
there was also no signilicant difference between 0 and 40K g N/ha,

Intra-row plant spacing produced no significant plant response interms of
leaf dry weight at 9 and 12WAP. But, at 6 and 13WAP, increasing spacing from
Sx 10em to 15 x i0cm led to a significant inerease i leal dry weight per plant.
The interaction between nitrogen and spacing on leal dry weight was not”

signiticant.



Table 4: IZ[Teet of nitrogen and spacing on lead fresh weight per

plant (g} of garlic at Samaru durtng the 1993/94 dry season.

Weeks after planting

Treatments 6 g . 12 15

Nitrogen rate (K g/ha)

0 [.93¢ 4.35b 7.80b 7.700
40 2.75b¢ 9.52a 15.50a 15.60a
80 3.39b 9.49a 15.10a 18.30a

(120 3.87a R 78 13.20a 14.40a

S.E+ 0.24 0.70 2.00 2.26

Spacing (cm)

3x 10 . 2.55b 7.74 140 0.30b
10x10 2.93ab 8.40 11.40 14.30ab
15x10 3.50a 7.96 16.00 18.40a
SEx 0.21 0.66 - 173 (.96

Interactjon

NxS§S NS NS NS NS

Means followed by the same letler(s) within same trealment group are not
statistically difterent using Duncan™s multiple range test(P=0.05}, NS = Not

significant.
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Table 5: Eltect of nitrogen and spacing on leal dry weight per

plant {2) ot garhic at Sionaru durmg the TY9394 dry season.

Weeks after planting
Treatments e s
Niwogen rate (Kp/lia)
0 . {.30b 0.77b 1.41 1.60
40 0.45ab 1,39 2.76 277
80 _ 0.54da 1.37a 2.48 3.40
120 U.60u 1.26a 2.11 2.37
SE=x 0.04 0.11 0.34 (146
Spacing (em)

5x10 ' 0.41b 1.20 1.93 1.66b
10x10 0.48ab 1,22 1.88 2.52ab
15x14¢ - 0.5 1.18 2.76 3.43a
S.Ex 0.03 0.09 0.29 0.39
Interaction

NxS NS NS NS NS

Means followed hy the same letter(s) within same treatment group are not
statistically different using Duncan’s multiple range test{=0.05). N8 = Not

significant.
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4.5 Bulb fresh weight
The eflect of the treatments on mean weight per bulb is shown in Table 6. At
6WAP, application of nitrogen produced no significant influence on mean weight
per bulb of garfic. However, at later stages ol sampling. nitrogen application
significantly increased bulb weight. There wis however, no significant difference
among the apphied rates of 40, 86 and [20KgN/ha
Varying the intra-row plant spacing had no signilicant effect on bulb weight
except at 13WADP when the widest spacing produced significantly heavier bulbs
than the closest spacing. But no significant difference was found between 5x10
and 1Ox10Dem or between T0x10 and 153xH0cm. There was no  signilicant
interaction between nitrogen and spacing on the fresh buth weight.
4.6 Bulb dry weight
Application of nitrogen at 6 and 9 WAP had no significant effect on dry bulb
weight (Table 7). However, at 12 and 153WADP application of nitrogen
significantly increased dry bulb weight but with no signilicant difference
abserved among the 40, 80 and 120KeN/ha. The variaton i spacing at 6, 9,12
and 15WAP had no significant ¢fTect on the dry bulb weight per plant. Likewise,
the interaction between nitrogen and spacing on dry bulb weight was not

significant.



Table 6: fiect of nitrogen and spacing on mean weight per
bulb (2) of garlic ar Samaru during the 1993/94 dry

seasan

Weeks after planting

Treatments ( Qi 12 5

Nitrogen rate (Kg/ha)

] |.29 2 06h 4.53b 7.48h
40 .20 4.72a 6.99a 13.09a
80 1.51 d.41a 7.35a 14.28a
120 1.83 3. D00 7.000 12000
S.E+ (.19 (0.2] (.63 .33

Spacing (cni)

5x10 1.26 4,05 6.42 9.36b
10x10 1.34 4.10 5.72 1291ab
15x10 | .04 3.67 7.26 13.77a
aE L 0.18 0,19 0.50 1.16

2 l\\
Nx3 NS NS NS NS

Means followed by the same letter(s) within same treatment group are not
statistically different using Duncan’s multiple range test(P=0.05). NS = Not

significant.



Table 7: Eftect of nitrogen and spacing on bulb dry weight (g)

of garlic at Samaru during the 1993/94 dry scason.

Weeks alter planting

Treatments O 4 {2 15

Nitrogen rate (Kg/ha)

0 0.27 (.54 (.95b 2.09b
40 .25 .84 [.52a 3.1 8a
80 (.28 (.80 1.52a 3560
120 0,34 0.73 1.494 3.08a
SE+ (.04 {108 015 032

Sx10 0.24 ().83 1.40 249
10x10 430 008 §.21 2.99
15x10 0.32 .08 1.51 3.46
SE+ (.03 .07 013 (.28
Interaction

NxS NS NS NS NS

Means followed by the same letter within same treatment group are not
statistically dilterent using Duncan’s multiple range test(P=0.05). N§ = Not

significant.



4.7 Percentage of bolted plant
[he eftect of nitrogen application as well as varying intra-row plant spacing
on bolting were significant (Table 8). Increasing the re of N from 0 to 40
resulted in signilicant  increase in bolting. There was however, no signilicant
difference between 40 and 8OKgN/ha or between 80 and 120K eN/ha.

Increasing intta-row plant spacing (rom 5x10 to 15x10cm significantly
increased the proportion ol bolted plants. But. there was no significant difference
in the proportion ol bolted plants between the 10x10em and 153x10e¢m spacing.
The interaction between nitrogen and spacing was not signilicant.

4.8 Number of days to crop maturity

The effect of treatments on the number of days to crop maturity, as indicated
by foliage turning straw colour or leaves [all over is shown in Table 9 'I'Jlu_
number of days to crop maturity was signilicantly reduced by nitrogen
application. However, there was no significant difterence in this effect among the
applied N rates of 40, 80 and 120K gN/ha,

Spacing had no significant ¢ffeet on the number ol days to crop maturity.
Similarly. the interaction of nitrogen and spacing had no significant effect on the

number of days to crop maturity.



Table 8: Effect of nitrogen and spacing on proportion ol garlic
plants that bolted (%) at Samaru during the 1993/94 dry

S¢ason.

Treatments Percentage of bolted plant

P_T“U)I’ o rate (K P ha)

0 16.8¢
40 48.4b
50 60, 8ab
120 69 .3a
SE2 3.35

Spacing (cm)

5x10 40.9h
10x10 52.54
15x10 53.18
SEx 2.91

Interaction

NxS NS

Means followed by the same letier(s) within same treatment group are not
statistically ditterent using Duncan’s multiple range tesuP 0.05) NN Nol

significant.



Table 9: Effect of

nitrogen

and  spacing  on number of days

maturity in garlic crop at Samaru during the 1993/94 dry

s¢ason

Treatments

Days to muturity

Nitrogen rate (Kg/ha)

() 120.7a
40 105, 7h
80 106.0h
120 106.3b
S.Ed+ [.85
Spacing (em)

5x10 107.3
10x10 109.8
15x10 111.8
SEx .60
Interaction

NxS NS
Means (ollowed by the same letter within same treatment group  are

statistically different using Duncan’s

significant.

mubuple range 1est (P=0.05), NS

10

not

Not



4.9 Mature bulb diameter

Table 10 shows the effect of treatments on mean bulb diameter per bulb. The
differences in bulb diameter among N levels ranging from 40 to 120K g/ha were
not significant but they produced significantly larger bulbs than O N level.

[ncreasing the intra-row spacing from Sx10 to 10x10cm resulted in a
significant increase in bulb diameter. Further imerease in intra-row spacing o
15x10em had no effect on bulb diameter.

A significant interaction between nitrogen and spacing on bulb diameter was
observed (Table 11). At low level of N(O-40Kg/ha). an increase in spacing from
5x10 to 10x10cm had no significant elfeet on bulb diameter while further
increase in spacing to 15x10em resulied inoa significant increase in bulb
diameter, At moderate level of N(SOKg/ha). there was a significant increase in
bulb diameter when spacing was inereased from 5x10 to 10x10em, but no
increase i diameter occurred when spacing was further increased to 15x10¢n1.
At the highest N level (120K g/ha) bulb diameter was unattected by spacing. The
largest bulb size was however obtained with the combination of the widest”
spacing 15x10cm and 40 - 80KgN/ha. When the effect of N was examined at the
same spacing. it was found that bulb diameter responded positively to N up to the
highest rate only under the closest spacing of 5x10c¢m. At the 10x10em spacing
the maxumuwm bulb diameter was at OKgN/ha which was statistically better than

40Kg but similarto 120KgN/ha . At the widest plant spacing, the maximum



Table 10: Effect of nitrogen and spacing on mean bulb diameter

(cm) of carlic at Samaru during the 1993/94 dry scason.

Treatments Bulb diameter

Nitrogen rate (Kg/ha)

0 2.72b
40 3.08a

80 3.824
120 3.72a
8.E+ 0.08

Spacing (¢m)

Sx10 ¥.22b
10x10 3.72a
15510 3. 700
S.E 4+ (.07

Means followed by the same letter within same treatment
statistically different using Duncan’s multiple range testP=0.03)

difference at P = 0.05

group are not

Significant




bulb diameter oceurred at 40KgN, foliowed by 80KgN/ha, The highest N rate
depressed bulb growth compared with the 40 and 80KgN/ha under the widest
spacing.
Table 11: Interaction of mitrogen and spacing levels on mean bulb

diameter {cm) ol garlic al barvest in Sanaru during the

1993/94 dry scason.

Spacing (cm)

Treatments 5x10 10x10 15510

Nitrogen rate (kg/ha)

0 . 240g  2.65 3.13¢

40 : 3.27ct 3.59cde 4,184
80 343det 3.89ab 4.13a
120 3.78ab¢ 3.770-d 3.600b-¢

SE+ =014

Means lollowed by the same letter(s) within same teatment group arc not

statistically different using Duncan’s multiple range test(l* = 0.05)

410 Magure bulb weight
The mean bulb weight of matured garlic as significantly affecled by the
treatments is shown in Table 12, Nitrogen increased bulb weight only up to
A0KgN/ha. Further inerease in N rates produced no significant inliuence on bulb
weight,  loercasing in intra-row spaeing rom 310 or 1010 10 15x]10cm

resulted in signilicantly increase in bull werght at harvest, The interaction

34




Table 12: Effect of nitrogen and spacing on mean weight per
bulb(g) of garlic at Samaru during the 1993/94 dry

S¢AsSall,

Treatments IFresh weight per bulb (g)

Nitrogen rate (Kg/ha)

() 7.7b
40 14.0a
8l 14.6a
120 13.7a
hoE+ (1.65
Spacing (cm)
Sx10 10.5b
10x10 12.2b
15x10 14.7a
N1 (.56
Anteraction
NxS .

Means followed by the same Jetter within same treatment group are not
statistically  ditterent using Duncan’'s multiple range  tesul” 0.05).

Significant difference at P = 0,05



between nifrogen and spacing  on bulb weight was significant (Table 13).
Increasing intra-row plant spacing [rom 5x10 (o 10x10cm produced no significant
effect on bulb weight exeept at 80KpN/Aw. But a further widening the spacing to
15%10cm maximized bulb weight except at the highest level of N(120kp/ha). At

120K eN/Ay, ncreasing intca-row spacing rom Sx10 0 15x10 produced similar
bulb weight. At fixed spacing of 3x10 and 10x10cm there was a significant

increase in bulb weight only up to 40K gN/ha. Bul dilferences between this level

Table 13: Interaction elfect between mitrogen and spacing on
mean fresh weight per bulb (g) of garlic at Sumaru

during the 1993/94 dry season.

Spacing{cm)
Treatments 10T e (T
irogen rate (kg/hy
0 _ 5.6¢ 6.0¢ 10.8d
40 1E.4d _ 12.7¢d 17.9a
80 ! I,l_d 15.7abe 17.1ab.
120 14 Thed 139bed 13.led

SEx =112

Means loltowed by the same lelter(s) within sante treatment group are not

statistically difierent using Duncan’s multiple ranpe test(P = .05).
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and 80 or 120kgN/ha were not significant. At the widest spacing (15x10e¢m), the
response of bulb weight to increasing N was positive only up to 40kgN/ha which
was at par with 80KgN/ha, Thereafter higher rate of N tend 10 depress bulb
weight, such that bulb weight at the 120kgN/ha was significantly less than at 40
and 80kgN/ha. The highest bulb weight was obtained when the widest spacing
was combined with 40kgN/ha. followed closely by 80kgN/ha.
411 Mature bulb dry weight

The effects of the wreatments on oyen dry weight of bulb at harvest is
shown in Table 14. Dryv bulb weight was significantly increased when N was
raised above Okg/ha. But there was no significant difference in dry bulb weight
when the fertilizer level was increased from 40 1o 120kgN/ha, Bulb dry weights
were similar at  3x10 and 10x10e¢m plant spacings. But a further increase in
spacing to 15x10cm resulted in a significant  increase in bulb dry matter
production. There was no significant interaction between nitrogen and spacing
on bulb dry weight.

412 Bulb dry matter content (%)

The effect of treatments on dry matier (DM) content of bulb 1s shown on
Table 15. Increasing the level of N Irom 0 to 80kg/ha produced no significant
effect on % drv matter content of bulb.  However. the highest level of N
(120kg/hay significantly reduced the %6 DM content compared with 0 and
40KgN/ha. 20-40keN/ha. Spacing had no significant effect on bulb DM content. -

Likewise. the nitrogen X spacing was not significant .



Table 14: Effect of nitrogen and spacing on hulb dry weight (g)

of garlic at Samaru during 1993/94 dry scason.

Treatments . Mean aven dried weight/bulb {g)

itrogen rate (ke/ha

0 ' 3.3b

40 6.2a

80 6.la

120) 3.5a

S.LiE | 0.35

Spacing (s)

S5x10 4.3b
10x10 : ' 5.1b
15x10 6.4a

S.E+ . 0316

CTYk .l]]
Nx§ NS

Means followed by the same letter within same treatment group aie not
statistically different using Duncan’s multiple range test(P=0.05). NS = Not

significant.
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Table 15: Effect of nitrogen and spacing on bulb dry matter
content (%) of garlic at Samaru during 1993/94 dry

SCUsOI,

Treatments Bulb DM content (%)/bulb

Nitrogen rate (kg/ha)

0 45 4a
40 45,00
S0 41 4ab
120 AW 8b
Sk (.84
Spacing (cm)
Sx10 41.7
Tax 10 41.6
[5x10 43.0
S.Et (.71
Interaction
NxS NS

Means [ollowed by the same letter(s) within same treatment group are not

statistically different using Duncan’s multiple range test(P=0.05). NS = Not

significant.



415 Number of eloves per bulb
Clove number was significantly imereased by the application of N -
fertilizer but the differences among N rates ranging from 40-120kg/ha were not”
significant (Table 16).

Widening the intra-row plant spacing from 3x10 to 10x10em produced no
significant effect on the number ol cloves. But further widening of spacing to
15x10em resulted in the production more claves compared with 5x10¢m.

The interaction between nitrogen and spacing — on the number of cloves
was significant (Table 17).  The effect of increasing N levels at fixed plant
spacing shows that at the closest spacing of 5x10em, there a was positive
response of clove number o incrcasing N oup 1o 8OKgN/ha though at par with
120K gN/ha, At the 10x10cem spacing. although the application of N increased
clove number, signilicant response was only recorded up to 40KgN/ha. At the
widest spacing (15x10c¢m), the maximum positive response of clove number to N
occurred as N was icreased from 0-40kpN/ha. The higher N levels depressed
clove number particularly at 120kgN/ha where clove number was significantly

less than at 40 or 8OKeN/ha.



Table 16: Effect of nitrogen and spacing on number of cloves per

bulb of gartic at Saumaru during 1993/94 dry scason.

Treatments Number of cloves/bulb
Nitrogen rate (kg/ha)
0 13.5b
40 3l.8a
80 34.8a
120 31.7a
S.Et _ 1.56
Spacing (con)
5x10 23.8b
10x10 29.0ab
15x10 3l.1a
S.Ex 1.35
Interaction
N xS | *

Means followed by the same letter(s) within same treatment group are not -
statisticallv different using Duncan’s multiple range tesy( = 0.05). * =

Signilicunt difference at P = 0.05.

41



At fixed N levels, the change in intra-row plant spacing produced no significant
effect in clove number at the higher N lovels of 80 and 120kgN/ha. But at the
lower levels of 0 and 40kgN/ha, increasing plant spacing from 5x10 to 15x10cm

increasad clove number.

Table 17: Interaction eflect between nitrogen and spucing on
aumber of cloves per bulb of gartic at Samaru

during the 1993/94 dry season.

Treatments Spacing{cm)

510 10x10 15x10

irrogen rate (ko/ha)

0 8.5¢ 13.3fg 18.7¢l
40 . 22.1de 32.%bc 40.2a

80 30.5bc 36.2ubc 37.7ab
120 33.9abe 33, Tabe 27.6cd

SEX = 2.69

Means followed by the same Ictter(s) within same trealment group are not

statistically different using Duncan’s multiple range test(P = 0.05).
4,14 rjght per clove

Mean clove weight was significandy depressed by nitrogen application -

(Table 18). The no-N control produced the heaviest clove weight, While the
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Table 18: Iiftect ol nittogen and spacing on mean clove weight (g) of garlic at

Samart during 1993/94 dry scason.

Treatments Mean weight per clove(g)

Nitrogen rate (kg/ha)

0 (.39

40 ‘ ’ 0.46h

80 (0.42b

120 | 0,441

S.Ex : {1

) (en

S5x10 .50
10x10 (1.44
15x10 (.49

S.Ex 0.03

Interaction

Nxs NS

Means followed by the sume letter within same {reatment group arc not
statistically different using Duncan’s mubtiple range test(P = 0.05). NS = Not

significant.
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three levels of applied N (4080 and 1205g/hajreduced clove weights dillerences
among three N orates were however, not signilicant.  Vanation in the intra-row
plant spacing had no significant effect on clove weight. Likewise, the interaction
between nitrogen and spacing had no signilicant efleet.
415 Total hulb yield per heetare

Data on yield of bulbs (Vha} as affected by the treatments is shown in
Table 19. Nitrogen application significantly mcreased bulb yield only up to 40
KgN/ha. Plant spacing had no signilicant eftect on the bulb yield. However,
decreasing the intra-row plant spacing from 15x10 to Sx10cm significantly
increased total bulb yied/ha.

Likewise. a significant nitrogen X spacing interaction on bulb yield was
also recorded (lable 20). However. at fixed spacing of 5x10 and 10x10¢m a
significant response was recorded only up o 40keN/ha, - While at the wider
spacing of 15x10cm, increasing N-level from 40 to 120kg/ha significantly
depressed bulb yield. But when the effect of various N levels at varying intra-
row plant spacing was studied, it was observed that. at 0 and 40kgN/ha the yield
was found to be depressed only by widening the plant spacing from 5x10 to
10x10em. While at higher N levels of 80 and 120kgN/ha, widening the intra-
plant spacing from 5x10 to 15x10em depressed the 1otal bulb yield. The highest
yield value was obtained by fertilizing the crop with highest N rate of 120kg/ha at

the closest spacing of Sx10cem . though at par with 40 and 80kgN/ha treatments.



Tabie 19: Pifect of mrogen and spacing on bulb vield
(tonnes/ha) of garlic at harvest in Samaru during

the 1993/94 dry season.

Treatments Total bulb yield (1/ha)

Nitrogen rate (ke/ha)

0 6.9b
40 {3.2a
80 13.7a
120 13.8
S Fxt 0.52
Spacing (i)
Sxii) . _ [7.1a
oxi0 10.3b
1510 $.2c
S, [ | 0.45

Interaction

N xS ok

Means followed by the same lelter within same trealment group are not
statistically different using Duncan’s multiple range tesy(P = 0.05). *F =

Significant difference at [' = 0.01.
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Table 20: Interaction between nitrogen and spacing on garlic bulb yield

(tha) at Samaru during the 1993/94 dry season.

Treatments Spacing(cm)

Sx10 1010 15x10

(] 0.20¢ 5.52¢ 6.00¢
40 19 064 10, 7hed 9.93h
8 18424 13.00h 0.49¢
120 21.70a 1 2.00bc 7.54de
Sk (.90

Means lollowed by the same letter(s) within same treatment group are not

statistically dilferent using Duncan’s multiple range tesy(P? = 0.05).

416 Correlation analysis

The result of the partial correlation analysis among the various growth and
yield parameters of garlic is shown in Table 21. There were significant and
positive correlations between bulb yicld/ha and plant height {(r = 0.40). fresh leaf
weight(r = (1.35), bulb diameter (r = 0.52), mature bulb (r = 0.60) and dry (r =
0.52) weights of matured bulb and number of cloves per bulb (r = 0.38).
However, the relationship between yield and number of leaves, leal (dry and fresh
weight) and dry bulb weight at 1SWAP and % of bolters though positive were not

significant. The yield/ha was negatively correlated to number of days to 30 50%



Table 21: Simple correlation cceificients znalysis ameng grewth and yield characters of garlic grewn at

Samarn during the 1993/9L dry seascn.

) > 3 N 5 6 7 8 9 10 11 12 3 14 2

1. 1,00 ..;-\1 . .
2. 0.6Lx*  1.00 LT T e -
3.  0.75** D.75%% 1,00 e T elald z T e e - | L .
he  0.6%* 073 0,980  1.00 : | R | - E
5. 0.8p** LCBxx 0,81%%  0,76+¢ 1,00 .
€. 0.81%+ 0.65%* 0,86%% 0,81  0.91%* 1.00

7. 0.62%% 0.3*  0,52%* 0.1 2%¢  0.53%%  0.58%*  1.00 .

=0D.10 =0, L 3w 0. L0* = Lows 1.00

. D.65%%  C.72%# =O.i1er  1.C0

8. ~Q.52»» ~0.36* - ~0,20
mo OD.NwI.* Dlmm&* Domﬂ** Oomm** O-mm**

10.  0.66%%  0.5L** 0.,66%* D55 D.59%%  0,57#% 0,56 -0.28 0,%6** 1,00
D 56%*  O,52%% ~0.2Q 0.93%%  0,97%* 1.C0

41, D.62%r O UB¥* 0.65%%  0.59%* 0,58%»

12. =~0,08 0,18  0.0h 0.07 0.00 0.02 ~3.1h 0,35% 0.01 0.02 0,26 1,00

13, 0.6T#*  O.oh** 0.5 0.5C**  0.66%%  0,63** n.E8%* ~0.h1gee  0,93%x 0,88 0.,83%* 0,07 .

. -0.28  -0.23 ~0.16  =0,08  =0.30  -0.25 C.So%s  O.42tx ~0.LO*  =0.25  0.20 0,27 —0.65

15, 0.25 0.ho*  0.35% 0,31 0,28 0.27 .22 0,30 Q.g2ex  0.6C*  0.52%% 0.7 .58##-0 ¢ 1,
Fresh tulb wtll

3, Frash leaf wt (15wAP); h. Dry leaf wit (15 WAP); 5.
9, Bulb diameter; 10, wt/bulb {Mature

Weight/cleve; 15. Total bulb yield/ba.

1. Neo. leaves/plant; 2. Plant height;
6. Dry bulb wt (15 WAP); 7. Bolter{i); 8. Maturity {days);
41. Dry wt/pulb; 12, IM of bulb *2y; 13, YNo. of cloves/=ulb; 1k

Data for parameters 1 - 6 were taken at 15 weeks.afier plantinZe % 5 Significant.at % level Anwnmru

»* - Significant at ¥ level (df = 3h).
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maturity (r = (0L30), % of bulb dry matter (1~ -0.17)and mean clove weight (r = -
0.20), although not significantly.

The number of cloves per bulb was also found to be highly and positively
correlated (P = 0.01) with all growth and yield characters except percent DM
content of bulb (r = -0.09), A signilicant but negative correlation was found
between clove number and the number of days to crop maturity (r = -0.49).

The number of leaves per plant was found 10 be significamly correlated
with all other growth and yield parameters except %o DM content of bulb (r = -
0.08) and weight per clove (r = -0.28).  But a highly significant and negative
correlation exist between number of leaves per plimt and number ot days 1o crop
maturity (r = -0.52). Fresh bulb weight ot 1SWAP was signiticantly  and
positively correlated with all growth and yield atributes except % DM content of
bulb {(r = 0.00), clove weight (r = -0.30) and yield of bulbs (r - -0.38). A highly
significant but negative relationship exist between fresh bulb weight at 15SWAP
and number of days to crop matunity (r = -0.43).

The average weight/clove was negatively related to other growth and yield .
characters except bolting (r = 0.50) and number of days to crop maturity (r =
0.42) 1o which 11 was positively and sigmbicantly correlated. The negative
correlation between clove weight and number of ¢loves per bulb (r = -0.62) was
highly significant. The relationship between clove weight and bulb diameter (r

-0.40) was also significantly negative.



The number of days to crop maturity was observed to be negatively
correlated with all parameters except %o DM content of bulb (1 = 0.35) and
weight/clove (r = 0.42) to which 1t was significantly and positively correlated.
The negative correlation between the days to crop maturity and number of leaves-
(r = -0.52), plant height (r =~ <0.36), bulb fresh weight (r — -0.49)bulb diameter (r
= -0.41) and nuwmber of cloves/bulb (r = -0.49) were significant.  There were
however, no significant relationships between the number of days to crop
maturity and fresh or dry leat weight at ISWAP, fresh or dry weight of mature

bulbs and bulb vield.



CHAPTER FIVE

5.0 DISCUSSION

A

5.1 Iffect of nitrogen on growth characters

The result of this study showed a significant mnfluence of nitrogen
application on all the growth parameters of garlic measured. Nitrogen is an
essential nutrient necessary for the stimulation of rapid vegetative growth because
of its importance in photosynthesis and formation of chlorophyll, nucleic acid and
amino acid (Samuel, 1980). Considering the poor N-status of the native soil (N
less than 0.10), 1t is not swrprising that the application of N improved increase
the growth performance of the crop. The lack of significant response to nitrogen
fertilization by number of leaves and mean weight of bulb at 6WAP was probably

due to the fact that  the second dose of N fertilizer was just applied before this

sampling period and, thus. the plant may not have benefited at this carly stage.

At the later growth stages, the effect of N application was manifested but
the N need was met by 40kgN/ha since higher rate of application produced no
further significant increase on leaf number. The marked response of leaf number
due to N application of led to an increase in phatosynthetic productivity and
hence, increased bulb development. This result agrees with those of Novais e
al (1974). Aliudin and Suminto (1978), Maksoud{ 1984). Buwalda {1986) and

Borabash and Kochina (1987) who reported that application of N fertilizer

increased the assimilatory leaf area and photosynthetie productivity.



However, there was no significant differences when N was applied
beyond 40kg/ha  on plant height as well as fresh leat weight at all sampling
periods. Increasing plamt height was accompanied by an increase in leal” weight,
This is due 1o highly and positive correlation (r = 0.73) that existed between the
two parameters and also because N application helped in increasing the leaf
assimilatory area and thus its photosynthetic activity.  Similar observation were
reported by Singh ¢f o/, (1984) and Borabash and Kochina { 1987).

Nitrogen application significantly increased leal” dry weight during the
early growth stage of the plant (6 1o 9WAP} but not at later stage (12 to I1SWAP),
The reverse was the case with bulb dry weight, where positive response to N,
application was significant only at later growth phase. This may be due to the
fact that during the carly crop growth stages most of the assimilate produced was
directed toward vegetative growth. But at the later growth stage, when the plants
had started bulbing, most of the assimilates produced by the plant was
partitioned to bulb development.  This result conforms with the findings of
Aliudin and Suminto (1978), Lachica (1982). and Maksoud (1984)and Buwalda
(1986) who reported similar pattern of garlic response to N fertilization.

For most of the plant's growth characters assessed, it was observed that
the maximum values were obtained at 80kg/ha of N. although there was no
significant difference between this level and the lower (40kg/ha) or higher
(120kg/ha) levels of applied N. The response of bolting to N was similar 1o that
of other vegetative growth characters except that the maximum percentage of

bolting occurred at 120kg/ha of N.  This indicates that although bolting 1s



triggered by low temperature conditions (Aoba, 1966), 1t benelited like other
parameters of plant growth from increased supply of nitrogen.

The number of days to crop maturity was significantly reduced by the
application of N. In other words, plants supplied with N fertilizer matured much
earlier (106 daysjthan the unfertilized crop (121 days).  This means that the
application of N enhanced not only the growth but also the development of the
plant with the result that maturity was advanced (Samuel, 1980).
2z Effect of nitrogen on yicld characters

The diameter, fresh and dry weight of matured bulbs, the number of
cloves per bulb as well as total bulb yield per hectare significantly responded to N
application.  Other workers ¢lsewhere have also reported significant increase in
vield of garlic in response to N application (Menezes, 1974 Nelson, 1983: Singh
et al, 1984; Maksoud e¢r «l, 1984 and Buwalda, 1986). However, in the”
present study, the differences among rates of applied N were not significant,
although, 120 and 80kgN/ha gave maximum values for vield and other yield
characters, respectively.

The percent dry matter content ol bulb was, however, higner at 0 - 40kg
than at higher N level. In fact the application of 120kgN/ha significantly lowered
the % dry matter.  Increase in bulk and succulence ol the bulb m response to
nitrogen fertilization was partly responsible tor the ditution and. thus lower % dry
matter content. It is also possible that the mereasing supply off N actually had
negative elleet on carbohydrate  synthesis and  therelore, on dry  matter

accumulation. The adverse effect ot a high N:C (Nitrogen: Carbon) ratio on



carbohydrate svnthesis is an established fact (Jamick, 1972: Hewitt and Smith,
1975 and Gupta, 1977). In this experiment the significant depression in the %
DM due to application of 120kgN/ha was a likely indication of this phenomenon.
In addition, there was a significant reduction in weight per individual clove in
response to N fertilization which seem to be a reflection of the reduction in dry
matter (usually inform of carbohydrade) accumulation resulting from an excess N
supply. llowever, the number of cloves/bulb was increased by the application of
N. Although the reason is not clear, this may indicate a compensatory mechanism
in the distribution of photosynthates, under mcreasing N supply, in favour of
more clove buds (a vegetative growth function) rather than for DM accumulation
which tend to be discouraged by excess N supply (Hewitt and Smith 1975;
Larcher, 19735 and Borabash and Kochina, 1987). But w may also  mean that an
increase in number of cloves i response to N application mncreased the level of
inter-clove competition for the limited assimilate thus, lowering the amount of
dry matter going into individual cloves.
5.5 Effect of spacing on growth characters

Spacing had no significant effect on number of leaves and height of plant.
The lack of response of these above ground characters may be due 10 the
morphological characteristics of the plant.  The plant stem and leaves are held
upright, thus creating minimal interplant competition for light. This may explain
why the number of leaves produced as well as the plamt height were similar under

the range of plant population per unit area tested. The leal weight at later growth



stages (ISWAP) was, however, adversely affected by the closest plant spacing
indicating a reduction in assimilate production under increasing plant density.

The lack of leal and bulb ( fresh and dry) weight response to spacing  at
the early period ol growth (6-12WAP) can be attributed to the fact that at these
growth stages plants were Jess likely to suffer from the population pressure than
when they are older and actively competing tor limited environmental resources
particularly under close intra-row plant spacing. At wider spacings (10x10 and
15x10em) plants produced higher leal and bulb weight compared with close
spacing (Sx10cm) due o lower degree ol wmterplant competition.  Simitlar
observations have been reported by Om and Srivastava(1977), Lachica (1982),
Maksoud er al, (1983) and Rahman and Talukdar (1986).

The percentage of garlic plant that bolted was significantly increased
when the intra-row plant spacing was increased from 5x10 to 10x10 or [5x10¢m.
Although, bolting is triggered by low temperature (Aoba, 1966), it is an aspect of
growth and development of the plant. The reduction in level ol bolung at the
closest intra-row plant spacing may be a reflection of an adverse effect of
competition which generally depresses growth.

54 Effect of spacing on yield characters

A signilicant response was recorded on the ellect of spacing on bulb
diameter, mean (fresh and dry) weight per bulb, number of ¢loves per bulb and
total bulb vield. Increasing spacing {rom 5x10 to 15x10cm generally led to an
increase in individual crop response.  Widening the gap between plant stands

reduced interplant competition for growth factors and thus, resulted in a better

5 _.1



crop performance. This result is in conformity with the work reported by Om and
Srivastava(1977), Lucero ¢f  af . (1984). Rahman and Talukdar (1986) and
Lammerink (1989).

Intra-rovy plant spacing had no signiticant eflect on percentage DM and
mean clove weight per bulb. Though bulb growth was encouraged generally by
wider crop spacing. the larger bulb size may have been accompanied by slight
dilution eftect on the concentration of dry matter.  This is supported by the fact
that there were negative. though insignificant. correlation between % DM and
number of leaves (r — -0.083) or plant height (r = -0.176) which make up the
assimilatory organ of the plant. In case of clove development, the positive effect
of wider spacing appear to favour more cloves per bulb rather than weight per
individual clove. The correlation between number of cloves and weight per clove
infact indicated a strong and significant negative value (r = -0.62).

Plant spacing also had a signilicant effect on the total bulb vield per
hectare. More vield was obtained with the closely spaced treament than when
widely spaced despite the fact that the growth of the mdividual bulb was
significantly greater at widest (15x10cm) spacing than at the closest (3x10cm)-
spacing. As spacing was increased, individual plant performance was better due
to the declining level of interplant competition.  But wider spacing meant less
number of harvestable bulb per hectare. Thus, the  significant yield response 1o
spacing may be attributed to the fact that the increase in individual bulb weight in
response o wider spacing was not sufficiently enough to compensate for a

reduction in overall vield due to less plant population. Similar observations have



been reported by Duimovie and Bravo (1979), Singh  er i, (1984).Lammerink
(1989) and Aleksiev (1989).
5.5 Nitrogen and spacing interaction on growth and yield

The interaction  between niogen level and  plant spacing  caused
significant responses in number of leaves, bulb diameter, weight per {mature)
bulb, number of cloves per bulb and total bulb yield/ha. At the closest interplant
spacing (Sx10em). a signilicant increase in either growth or vield characteristic
occurred only with N at the maximum rate ol 120kg per hectare or the next higher
rate of 8OKkgN/ha. But as the mtra-row plant spacing was widened to 15x10¢m,
maximum growth or vield parameters were supported by lower N rates(40-
80kgN/ha) except total bulb yield/ha which increased only up to 40kg N/ha, This
is an indication that increasing plant population is dependent on the level ol soil
fertility required to support growth and development.  [n the work reporsted by
Bravo and Duimovie (1978) as much as 75 to 250kgN/ha was required to support
the production of more laterals (cloves) when garlic plants were planted 657,000
plants/ha (or 8 x Bem spacing ).

Conversely, the demand or competition for soil nutrient resources was
intensified as the plant population per unit area was increased. Under low level
of N supply (0-40kg/ha), only the widening of intra-row plamt spacing from
S5x10c¢m to 15x10cm resulted to a significant improvement i number of leaves,
bulb diameter, mean bulb weight and the number of ¢loves per bulb except total
bulb yield/ha which showed a reduction due 10 decreasing number of plant stands.

The reduction i plant spacing under such low level of N supply only resulted to



depressing the growth and development of the plant. Similar ﬁnd.ings on onion (a
related crop) was reported by Amans(1989) who observed an optimum leaf
number/plant and weight/bulb with the application of 80kgN/ha at intra-row plant
spacing of 15cm. Sotomayor (1975} also found similar response. On the other
hand, when 80- [ 20kgN/ha was supplicd, the reduction in intra-row plant spacing
was found to havc_no significant effect on the growth and development of the
crop though the yield dropped with every increa‘sc in intra-row spacing due to
lower plant population. In fact wiﬂl the higher N supply, growth of plant and
bulb development at the closer spacing of 10x10cm was as good or better than at
the widest spacing.  Similar observations were reported by Aljarou and Escaff’
(1976) in which application of 150kgN/ha improved bulb growth of garlic plant
at 10x10cm spacing but failed to influence bulb growth when the spacing was
decreased to 7.5 x 10cm. Other workers like Pall and Padda (1972) and Vishu.
Prabhakar (1989) und Amans (1989) also obtained similar result on onion.

The interaction between N and plant spacing was, however, not
significant on the total bulb yield per ha. Yield was optimum at the closest
spacing of Sxt0cm and application of N up to 40kg/ha. This conforméd with the
work reported by Pall and Padda (1972) and Bravo and Duimovic (1978) who

obtained the best yields at the closest spacing plos very low N rate (40kg/ha).

5.6 Carrelation among growth and yiceld characters
The significant correlation that existed between bulb yield/ha and plant
height or fresh leaf weight signiftes the degree of importance of leaf growth and

its function as an assimilatory organ that produce assimilates which forms the
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basis of yield. The positively strong relationship between the total yield and bulb
diameter, weight per bulb (cured). dry weight per bulb and or number of cloves
per bulb shows that these characters constitute the major yield cm'nrihul.ing
factors.

There was a weak relationship between the number of leaves per plant and
total bulb yield. A similar observation has been reported in onion (Amans, 1989),
The continuos production of leaves during bulb development created an adverse
competition for assimilates partitioning. more of what should go for bulbing goes
into leat production. The negative correlation between the number of days to
maturity and most of the growth and yield characters (except %o DM and weight
per clove) may andicate that carly attamment of maximum  growth and
development of the plant is necessary for good vields in garlic.  The delay in
maturity may be associated with higher percent dry matter content and heavier

cloves which invariably led o poor yields.
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CHAPTER SIX

0.0 SUMMARY AND CONCLUSION

A field experiment was carvied out  dry season under irrigation at the
Institute for Agricultural Research (IAR) Ahmadu Bello University, Samaru,
Zaria 10 study the response of garlic ( Al sativiem 1) to different levels of
nitrogen fertilizer and intra-row plant spacing.

The treatments consisted  of {actorial combinations of four levels of
nitrogen (0,40,80 and 120kg/ha) and three intea-row plant spacing (5 x 10,10 x 10
and 15x10cm), laid out in a randomized complete block design with three
replications.

Nitrogen application signiticantly increased growth and vield characters.
The vegetative growth characters represented by plant height and number of
leaves, bulb growth characters and total bulb yield/ha wereased up to 40kegN/ha,
On the other hand, the number of days to crop maturity, %DM/bulb and average
weight per clove was reduced by N application,

Increasing intra-row plant spacing {rom 3xl0cm o 10x10em or the
widest spacing of 15x10e¢m significantly increased leal fresh and dry weight at
ISWAP, bulb fresh weight (15WAP), % bolted plant, bulb size and weight at
maturity, and total bulb yield/ha. But the plant height, number of leaves, days to
maturity, % bulb DM and clove weight  was not significantly affected by the
change in plant spacing.

The interaction between nitrogen levels and plant spacing was significant

on number of leaves, bulb diameter, mature bulb weight, number of cloves per



bulb and total bulb yield’ha. The interactions indicated an increasing demand for
N as the intra-row plant spacing was reduced from the widest to the closest
spacing. The plant response to N application was more marked under closer than
the widest spacing. The maximum bulb size. weight and number of cloves per
bulb occurred at a combination of the widest spacing (15x10¢m) and moderate N
level (40-80kgN/ha). The interaction was significant on the total bulb yield/ha
with the maximum yield occurred at 5x10c¢m plus N up to 40kg/ha.

A significantly positive correlation was observed between plant height,
leal” fresh weight. bulb diameter. fresh and dry weight of bulb. number of
cloves/bulb and total bulb yield. But the days to maturity. 6 DM content of hu]h.
and weight/clove were significantly but negatively correlated with yvield/ha,

Based on the results obtaied from this study. the application ol 40kgN/ha
and use ol an intra-row plant spacing of 3x10 or 10x10cm is suggested for
maximum bulb yield of garlic at Samaru, under similar soil and weather

conditions as used lor the trial.
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Appendix I:

Meteorological data showing sunshine hours. minimum,

maximum and mean temperature and relative humidity

at Samaru during the 1993/94 dry season.

Period Sunshine Minimum Maximum Mean  Relative Mean
Hours  Temp, Femp. Femp. Hunudity [RH
(°C) (°C) (°Cy (%) Yo

Nov. 1993

1 -10 10.7 3.0 33.8 23.4 NA NA NA
11-20 7.4 13.1 33.1 23] NA NA NA
21 -30 7.8 6.1 338 250 NA NA NA
Dec. 1993

1-10 50 55 RN 230 255 255 255
11-20 30138 284 21.1 380 32.5 35.7
21 -31 7.3 13,1 28.5 416 275 190 223
Jan, 1994

1-10 59 128 28:1 20,5 285 209 29.7
11-20 6.5 13.0 28.7 208 23.7 20.7 22.2
21 - 31 7.3 155 31.7 23.6 17.70 14.8 16.3
Feb. 1994

1 -10 32160 0.3 232 192 14.1 16.7
11-20 86 157 33.0 2435 113 11.1 1152
21 -28 5.8 3 3l.4 18.85 84 12.6 10,5
Mar. 1994

[-10 73 179 36.7 27.3 210 188 19.9
11-20 5.0 204 37.2 288 229 26.8 249
21-31 6.7 214 7.8 0.0 162 31.1 23,7
Apr. 1994

1-10 223 2.1 35.5 28.3 194 285 24.0
11-20 7.38 22.8 0.0 29.7 600 393 497
21-30 7.46 23.3 5.2 203 67.7 41.2 54.5

NA = Inlormation not avatlable

RH = Relative Humidity



Appendix 1i:

Physical and chemical properties of the soil on which experiment was

carried out 1n Samaru.

Sonl depth{cm)

Soil charactenstics -15 . 15 - 30
pH in water (1:2.5) 54 _ : 6.4
pH in CaCl (1:2.5) 4.7 5.1
Organic carbon (%) | 0.55 0.48
Total mitrogen (%) ' _ U,[}S. (.05
Available plu‘)sp]wr.us (ppm) 5.56 | 3.82
Exchangeabie bases (meq/100g)

Ca | 3.35 2.86

Mg 0.72 | 068

K (.29 - . 0.24
Na 0.11 0.09
CEC 5.58 5.33
Particle size of distribution

Sand (%) st 49.7
Silt (%) . 333 . 30.0
Clay (%) ' 13.7 ' _ _ 20.3
Textural ¢lass Sand loam  Sandy loam
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