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ABSTRACT

Field experinments to study the response of garlic (Alium
sativum L.) crop to varying levels of nitrogen, phosphorus and
irrigation interval were conducted during the 1994/95, 1995/96 and
1996/ 97 dry seasons (Novenber to March) at the Institute for
Agricultural Research, Irrigation farm Samaru, Zaria (11° 11'N 07°
38" E 686m above sea level). The treatnents consisted of four
nitrogen levels (0, 75, 150 and 225KgN ha), three levels of
phosphorus (0,75, and 150KgP,0s/ha) and three irrigation intervals
(5,10 and 15 days between irrigations). The experinments were
conducted in a split-plot design with nitrogen levels and
irrigation intervals formng the min treatnments while the
phosphorus | evels were assigned to the sub-plots. The treatnents

were replicated three tinmes in each season.

Results obtained indicated that the application of 75KgN ha
produced significant increases in all growh and yield characters
conpared with control and higher rate of applied nitrogen had no
further influence on these characters. Plots that received no
nitrogen, however, produced significantly shorter plants, |ower
| eaf nunber/plant, dry matter/plant and all vyield conponents
conpared with the application of 75KgN ha. Bulb yield and bulb
phosphorus content were observed to increase significantly with
increase in applied Nonly up to 75KgN ha. The bulb crude protein
content, however, was found to progressively and significantly

increase with increasing rate of nitrogen up to 225KgN ha.
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Increasing the Ilevel of phosphorus from 0 to 75KgP,0s/ ha
significantly increased plant height, dry matter/plant, nunber of
| eaves/plant, CGR and RGR in all the 3 experinents. Simlarly, all
other yield conponents responded significantly to applied
phosphorus only upto 75KgP,0s/ha. Further, increase in applied
phosphorus beyond 75KgP,0s/ha did not produce any appreciable
increase. Simlar trend was recorded on cured bulb yield/ ha. The
bul b phosphorus and protein contents also registered significant
response to applied phosphorus only upto 75kgN ha.

Gowmh and yield characters as well as bulb yield, bulb
phosphorus and crude protein contents were significantly decreased
with increase in the nunber of days between irrigations but only
upto 10-day irrigation interval, while further delay in irrigation
to 15days between irrigations did not affect these characters
appreciably. Generally, the 5-day irrigation interval significantly
out yielded 10 and 15-day interval on all paraneters assessed.

Correlation analysis showed positive and significant
associ ations between bulb yield and all characters assessed in all
seasons, except in 1995/96 where insignificant associations were
regi stered between bulb yield and average nunber of |eaves/plant;
a negative non-significant correlations between bulb yield and
average clove weight. Dry matter/plant and average bul b wei ght had
the highest direct individual contributions to bulb yield, while
conbi nations of plant height and drymatter/plant (1995/96 trial) as
well as bulb weight and bulb size (1994/96) were the highest

contributors to bulb yield. Polynomal response of bulb yield to



X
ni trogen, phosphorus and irrigation interval indicated quadratic
curve to have a better fit to the observed yields throughout the

seasons.
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CHAPTER ONE
INTRODUCTION

Garlic (Allium sativum L.) belongs to the family
Alliaceae. Other members of the Alliaceae family include onion

(Allium cepa L.), shallot (Allium ascalonicum L.) and chive

(Allium schoenoprasum L.). Garlic plant, when fully grown, is
about 40 to 60cm tall from the ground surface to the tip of
the longest leaf. The crop consists of an underground bulb and
the abcve-ground vegetative parts. The only vegetative part of
garlic consists of the leaves, which are flat and slender. The
inflorescence of the crop is composed of numberous flowers,
that may either be white or pink in colour, while the peduncle
1s of variable length depending on cultivar. The rooting
systems is fibrous. The bulb comprises of small bulbils called
cloves, which are the propagating materials of the crop
(Purseglove, 1972).

Garlic was believed to have originated in central Asia
and later spread to the mediterranean region where it is
mostly grown and highly valued as reported by Tindal (1986).
The crop was later carried to the western world probably by
the Spanish, French and Portuguese explcrers.

Garlic, being a minor crop, is usually categorized along
with other horticultural crops, though no clear picture of
werld production is available. However, Mexico appears to be
ameng the leading world producers of garlic. It was reported
by Purseglove, (1972) and Tindal (1986) that Spain leads the
world in garlic preoduction followed by Egypt. Other major

producing countries include Bulgaria, Romania, Poland, France



and Japan. In Nigeria, there is limited production which is

mainly confined to the Northern Guinea and the Sudan Savann/

e

ecological zones. The crop is mainly grown during dry seaso
under irrigation in parts of Bornc, Sokoto, Kebbi, ¥3ts:ina,
and Xano states. However, there is no available litevature on
garlic production and trade in Nigeria.

Garlic crop requires cocl but dry weather conditions for
proper growth, However, high humidity and excessive moisture
ares highly detrimental to the growth and development of the
crop, as high moisture results in rotting of roots and
protective bulb scale leaves. Jones and Mann (1963) reported
that long days and high temperatures favour bulb devaicpment,
but garlic grows more vegetatively under short pericd and cool

dry condition.

Alcthough the production of garlic in Nigeria 1s limited
both in guantity and land area, its importance, mainly 1in
traditional medicine and as a condiment, has made 1t an

m

economically important vegetable crop. Garlic bulb contain
62.8% moisture, 6.3% protein, 29.0% carbohydrate, 0.1 fat,
1.0%minerals, 0.8% fibre, 0.03% calcium, 0.6% phosghorus and
0.13% vitamins, It also contains pungent sulphur compounds
(Purseglove, 1972). The crop has several uses as feod or

medicine and is used in the preservation of meat and raat

L

products. The green parts as well as the bulbs are used as
spices in salad and seasoning of vegetables., Garlic
preparations could be used to effectively cure whooping cough,

lung diseases, stomach pains and childbirth disorders. Exzrac:
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from garlic is used as a curative against ear ache and eye
sores. Garlic cculd be used as an antidote against some
poisons and also as antibacterial as reported by Debkitaniya

t al (1981) . The garlic extract could also be used as an

insecticide, while Purseglove {1972) reported that the level
of chclesterol in human blood could be reduced by garlic
extract. The volatile sulphur oils (Idiallyl, thiosulphinate
and allicin) extracted from garlic bulbs cculd be used to
treat several skin infections. Garlic is also generally
repulsive to snakes.

Judicious and adequate fertilization are pre-requisite toc
successful garlic production. The soils in the garlic
producing areas of Nigeria have been observed to be very low
in residual nitrogen, which is one of the elements consumed in
large quantities by the crop, while phosphorus is relatively
more abundant in the soils. Nitrogen is also highly mobile in
the soil and therefore, can be lost through leaching or
volatilization. Phosphorus is not mobile in the soil, thus the
two elements (N and P), have to be judiciously applied to the
crop as over-fertilization leads tc waste of inputs and also
enhances vegetative growth at the expense of reproductive
phase. Another limiting factor to garlic production is water.
As it was earlier stated, the crop is normally grown during
the dry season and irrigation water could be a limiting
factor. In addition, garlic has a fibrous and limited root

system, and therefore, most of its roots are found within the
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(b)

(c)
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first 25cm of the so0il profile. As such, the roots do not go
deep encugh in search of moisture, consequently the crop
requires efficient irrigation scheduling in order to avoid
exposing the crop to water stress; which cculd lead to
significant yield reduction as repcrted by Sula (1989%9). On the
other hand, too frequent irrigation could lead to either
leaching of nutrients or where adequate drainage is lacking,
this may lead tc rise in soil water table, which could limit
the potential productivity of both the land and the crop. It
becomes imperative, therefore, to determine the most suitable
irrigation schedule for the crop. Garlic crop has alsoc been
neglected in terms of research in this country.

It is in view of the above background that this project
was undertaken with the following cbjectives:
To determine the optimum nitrogen and phosphorus levels for
optimum bulb yield in garlic
To determine the most efficient irrigation schedule for garlic
production.
To study any interactions between N,P and irrigation interval

on yield and yield parameters of the crop.



5

CHAPTER TWO

LITERATURE REVIEW

Effect of Nitrogen on the Growth and Yield of Gaxdic

Nitrogen, generally, hag its most profound influence
on the vegetative development of crops. When supplied in
adequate quantity nitrogen ensures a healthy plant
growth, which is manifested by the increased vigour, size
and the deeper green colour of the foliage. The effect of
nitrogen on the general vigour of crops is as a result of
its positive effects on cell division, cell elongation,
cell expansion, synthesis of amine acids, enzymes and
chlorophyll. Unfortunately, most tropical soils are
deficient or low in residual nitrogen. Conseguently
several workers have recorded positive responses by most
crops (including garlic) to nitrogen application.

Nehra et. al., {1988} working on onions, reported
that nitrogen fertilization had profound influence on the
assimilatory leaf area of onion and further stated that
application of 40 and 80 Kg N/ha which were statistically
at par on all parameters except leaves/plant,
significantly increased plant height. The application of
80Kg N/ha however, produced statistically more leaves per
plant than 40Kg N/ha. S$Similar reports on garlic were
recorded by Borabash and Kochina (1987), whe noted that
mineral fertilizing increased the assimilatory leaf area,

photosynthetic productivity and vyields of garlic. In



India, Singh et. al., {1984) reported that the plant
height of garlic was significantly increased with
increasing rates of nitrcgen only upto 100kg N/ha beyond
which general growth of the crop was significantly
decreased. Likewise, Lachica (1982), Buwalda (1986) and
Maksoud et. al., (1984) all recorded significant increase
in garlic plant height, number of leaves per plant and
dry matter production with the application of nitrogen
ranging from 30 to 80kgN/ha. Kremer et. al., (1979)
however working with different rates of nitrogen (0, 90,
180, 220 and 300kg N/ha) on onion reported that the
application of 180kg N/ha produced statistically highest
drymatter per plant than any other rate. El-Tabbakh et.
al., (1979) on the other hand reported that increasing
nitrogen rate up to 120kg N/ha increased onicn plant
dimensions, dry matter per plant and plant height. It was
also reported by Ismail et al (1979) that increased
application of nitrocgen to onion upto 192kg N/ha produced
significant increase on the average number of leaves per
plant and plant height. Other workers whec reported
positive effects of nitrogen on growth and development of
onion include Caraballo et. al., (1989), Islam and Haque
(1977), Chakrabarti et. al., (1980), Khomenko and Lysyuk
(1981), Jitendra and Dhankar (1989) and Khan et. al.,
{1977). Aliudin (1978) working with garlic however,

reported that the application of 180 and 240kg N/ha
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produced statistically similar plant heights, leaf number
per plant and plant dry weight. Similarly Henriksen
(1978) recorded the highest garlic response to nitrogen
application at 150kg N/ha, which produced statistically
taller plants and more plant dry matter. The garlic
relative growth rate was reported by Buwald and Freeman
(1987) to have been affected positively by the
application of nitrogen. Singh (1978) and Henriksen
(1987) independently reported that application of
nitrogen at 120kg N/ha increased the length of maturity
of onion, leaf number per plant and crop growth rate.
Similarly, Babaji (199€) reported significant increase in
plant height, number of leaves/plant, leaf dry and fresh
weights of garlic with the application of 40kg N/ha

The yield and yield compconents of garlic have been
reported by many scientists to be affected positively by
the application of nitrogen. Escaff and Aljaro (1982)
recorded significant increase in garlic bulb yield with
the application of 150kgN/ha. Maksoud et. al., (1984) on
the other hand observed the most significant positive
effect of applied N on average bulb weight, bulb diameter
and final bulb yield with the application of 360kg N/ha.
Aliudin (1978) recorded significant increases in average
bulb weight, bulb diameter and average clove weight of
garlic when nitrcgen rate was increased from 0 to 90kg

N/ha, and recorded no statistical difference between 90,

P
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180 and 240kg N/ha on these parameters. Hilman and
Noordiyati (1988) on the other hand, reported that the
equilibrium N at several levels did not significantly
affect bulb diameter, bulb length, number of cloves per
bulb and bulb weight of garlic. They, however, noted that
the various N treatments registered significant effects
on bulb fresh and dry weights, with maximum response
attained at 46kg N/ha. Bertoni et. al., (1992) working
with garlic in France, reported that depriving the crop
of nitrogen at the beginning of bulb growth, accelerated
and increased the redistribution of organic nitrogen from
leaves and roots to the bulbs. They ncted that bulb
weight was least affected, though N application increased
garlic bulb growth and quality until the beginning of
senescence.

Bulb yield and quality of members of the Alliaeceae
family have been reported by several workers to be
affected positively by the application of nitrogenous
fertilizers. Khan et al., (1977) recorded the highest
bulb yield in onion with the applicatiocn cf 15 tons/ha cf
FYM in addition to 50kg N/ha from mineral fertilizers.
Reddy and Madalageri (1978), however, obtained the best
onicn yield with the application of 100kg N/ha, while
Singh (1978) reported 112.5kg N/ha to be optimum for
highest onion yields. Escaff and Aljaro (1982) recorded

150kg N/ha as the optimum for higher garlic bulb yield,
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of best gquality and longer shelf life. They however, did
not record any significant difference between 150kg N/ha
and 225kg N/ha with respect to garlic bulb yield and
guality. Minard (1978) however, obtained the best yield
response of garlic to nitrcgen applied at 210kg N/ha.
Haggag et al., (1986) and Khomenko and Lysynk (1981)
independently recorded 120kg N/ha as the optimum nitrogen
rate for higher bulb yield and quality in cnion, while
Chakrabarti et. al., (1980) recorded no significant
difference between 90 and 120kg N/ha in relation to onion
bulb yield. In a related crop, leeks, Kolota (1979) noted
that the highest bulb yields were obtained with the
application of 200kg N/ha and attributed this to the
positive effects of nitrogen on bulb weight and bulb
size, which all have direct bearings on the final bulb
yield. Lazzari et.al., (1978) and Hedge (1%86) all
reported significant increase in garlic bulb yield when
nitrogen was increased from 0 to 150kg N/ha and
attributed this response to the positive effects of
nitrogen on dry matter production, bulb weight and
average clove number per bulb. Bottcher et al (1979)
working with onion repcrted that increasing nitrogen
rates to 200kg N/ha had no unfavourable effect on bulb
guality in storage, reduced bulb rotting and shrinkage
while it increased marketable bulb yield significantly.

Agrawal et. al., (1981) on the other hand recorded 80kg
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N/ha to have produced comparable bulb yield to the
application of 160kg N/ha. Hou (1980) recorded
significant positive effect of applied nitrogen on leeks
to bulb protein content; he noted that nitrogen
application to leeks significantly lowered the cellulose
and lignin contents of leaves and bulbs. Dhian and
Sharma (1991) conducted field trials on nitrogen and
irrigation regimes on onions and reported that the bulb
diameter, bulb dry weight and final bulb yield were
significantly increased with increasing nitrogen
application only up to 80kg N/ha, while further increase
to 120kgN/ha produced no appreciable increase. Palled et.
al., (1988) reported that application of 100kg N/ha
produced 26.4% higher yields than 75 and 50kg N/ha,
respectively, while Islam and Haque (1977) recorded 60Kg
N/ha as optimum for higher yields. Maercke and Vereecke
(1979) on the other hand reported nitrogen to have no
significant effect on bulb diameter, bulb weight and bulb
yield and quality of leek crop. They attributed lack of
response however, to abnormal weather conditions.
Laughlin (1989) working with onion on different rates of
nitrogen (0,50, 100 and 200kg N/ha) also reported that
the N-fertilizer had no effect on either yield or quality
of the bulbs. Jitendra and Dhankar (1989) from India,
however, reported that high levels of nitrogen reduced

bolting in onion but increased the general vigour and



11
bulb yield, and recorded the highest bulb yield with the
application of 160kg N/ha. Thenabadui et. al., (19
working on a related crop, shallot, recorded significant
yield response to applied nitrogen upto 75kg N/ha. Omar
and Arafa (1982) reported that the highest garlic bulb

yield and bulb diameter were obtained when a

e,

plied

nitrogen was increased from 75 to 225kg N/ha. Ruiz (1985)

Hh

rom Chile also reported that increasing rates of applied
nitrogen from 0 to 150kg N/ha significantly increased
garlic bulb yield from 4.6 to 10.6tons/ha. However,
increase of nitrogen on garlic bulb quality was cbtained

1

cenly at 225kg N/ha. Olupinyo (1995)

T

e

ting varying

]

levels of nitrogen on garlic crop reported significant
increase in average number of cloves per bulb, average

bulb weight, bulb size and final bulb yield only when

applied nitrogen rate was raised from 0 to 100kg N/ha,

Hh

urther increase did not register appreciable increase.
Similarly Babaji (1996) recorded significant increases in
all yield components and final bulb yield of garlic with
the application of 40kg N/ha. Bichi (1997) on the other
hand, recorded significant increases in bulb weight,
number of cloves per bulb, bulb diameter and bulb yield

with the application of 75kg N/ha while clove weight

responded only at 150kg N/ha, beyond which there was a

gnificant reduction.



Phosphorus is one of the 16 essential elements that
is vital for plant growth and development. Phosphorus
nutrition is very important for effective root
development, protein synthesis and energy formation and
transfer. However, phosphorus is one of the limiting
elements in most tropical agricultural lands. Deficiency
of phosphorus is very prevailent in tropical savanna
scils that are characterized by low organic matter
content as reported by Bache and Roger (1970). Deficiency
of phosphorus in garlic is manifested by clder leaves
showing wilting, tip die-back and mottling of green area.
Garlic, being a shallow rooted crop, requires timely but
optimum application ofphosphorus in order to enhance
effective root development sc as to increase root volume
and consequently increase root efficiency in water and
nutrient uptake. Phosphorus nutrition in garlic and other
related crops depends on the rate applied and the time of
application. Escaff and Aljaro (1982) recorded no
significant effect of phosphorus on the growth and yield
of garlic with the application of 94.2kg P,0,/ha during
bulbing stage, while Aliudin (1978) reported significant
increase in rcot growth, plant height and dry matter
production with the application of 70kg P,0,/ha. Minard
(1978) on the other hand reported 263kg P,0,/ha as optimum

for increased dry matter production, leaf number per
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plant and final bulb yield. He attributed this effect to
the influence of phosphcrus on root development, which
relates to effective nutrient uptake and water abscpticn.
Borabash and Kochina (1987) also recorded significant
increase 1in assimilating leaf area, photosynthetic
productivity and final bulb yield with the application cof
90kg P,04/ha to garlic crop. Hilman and Noordiyati (1988)
however reported that several 1levels of phosphorus
tested on garlic did not significantly affect bulb
diameter, bulb length, number of cloves/bulb and bulb
weight, but recorded significant increase in bulb dry
weight with the application of 150kg/ha of triple
superphosphate.

Rhodes (1978) working with onion, another member of
Alliaceae family, reported that addition of phosphorus
fertilizers to onion resulted in absorption of high
concentration of sulphur and therefore concluded that
increased sulphur uptake by onion plants resulted from
the increased sulphur absorbing powers of roots with
enhanced phosphorus status. Sulphur compounds determine
bulb quality in onion and garlic crops. Khan et al (1977)
as well as Reddy and Madalageri (1978) also recorded 50Kg
P,0s/ha as optimum for maximum bulb yield in onions.
However, Thenabadui et. al., (1975) did not record any
significant effect of phosphorus on growth and yield

parameters of shallot and attributed this to high content
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of residual phosphorus in the soil. Henriksen (1987} and
Singh (1978) all reported that supply of phosphorus to
onion produced rapid crop growth rate, increased days to
maturity and bulb yield and gquality. Anez and Tavira
(1986) recorded the highest dry matter producticn and
bulb yield in onions with the application of 120kg
P,0,/ha, while Haggag et. al., (1986) recorded 60kg P,0,/ha
as optimum for increased bulb size, bulb weight, bulb
yield and quality. Laughlin (1989) working with onion on
different rates of phosphorus (0,50, 100 and 200kg P,04/
ha) recorded significant increase in plant height, dry
weight of plants and bulb yield when applied-P was raised
from 0 to 50kg P,0s/ha.

Khomenkc and Lysyuk (1981) reported that higher
phosphorus rate of 120kg P,0s/ha produced better results
with regards to plant height and rate of maturity in
onion crop; while Chakrabarti et. al., (1980) recorded
90kg P,0s/ha to have significantly affected crop growth
rate, plant height, number of leaves per plant, bulb
fresh and dry weights as well as final bulb yield of
onion. However, Islam and Haque (1977) using different
rates of phosphorus on onion, reported that 60Kg P,0s/ha
produced the longest leaves, while 35Kg P,0;/ha resulted
in higher number of leaves and the highest bulb yield.
Kolota (1979) recorded the highest bulb yield in Leeks

(Allium spp) with the application of 200Kg P,0¢/ha.
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Maercke and Vereecke (1979) on the other hand recorded no
significant effect of phosphorus on the yield and quality
of leeks, though they attributed this to abnormal weather
conditions. Hou (1980) reported that phosphorus
application to leeks had little effect on the bulb
protein content, but significantly lowered the lignin
content of the bulbs. Souma and Iwabuchi (1982) also
reported that adequate phosphate fertilization resulted
in increased relative growth rate, increased growth of
leaves, number of leaves per plant and bulb yield in
onion crop. Agrawal gt, al., (1981) recorded significantly
higher bulb yield in onion with the application of 40kg
P,0s/ha, than the other levels, while Galbiatti and
Castellane (1990) reported 240kg P,0,/ha to be optimum for
the highest bulb yield in onion.

Ef fect igation on the Growth and Yield of Garlic

Garlic, like all other members of Alliaceae family,
is a shallow rooted crop and therefore, reguires greater
attention with respect to its water requirement. Adequate
moisture needs to be provided from planting through to
maturity in order to obtain good crop growth, development
and final yield as reported by Chei et al.. (1980). They
reported that garlic yields were increased by 64 and 84%
respectively when 30mm of water were applied at 10-day
interval in 1977 and at 5-day interval in 1978.

Irrigation throughout growth period was reported by Choi
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et. al., (1980) to be most effective for better crop
growth rate, but irrigation at bulbing stage was most
important for bulbing process. They, however, noted that
the garlic does not withstand excess water application.
Lazzari et. al., (1978) as well as Carrijo et. al.,
(1982) also reported a significant yield increase and
increased plant biomass with frequent but 1light
irrigation to garlic. However, Sula (1989) cbserved that
garlic crop that was irrigated once a week prolonged the
growth period by 10 - 12 days, but increased number of
leaves per plant and leaf area, thus increasing
photosynthetic activity and consequently increased bulb
size, bulb weight, bulb average number of cloves and
final bulb yield. Scalopi et. al., (1971) also reported
significant increases in average leaf number per plant,
dry matter producticn, bulb size and bulb yield with
frequent but light irrigations. Suh (1987) working with
radish, cabbage, hot pepper and garlic, reported that
adequate moisture regime significantly and positively
influenced their growth, yield and quality, and further
stated that amount and timing of irrigation of these
crops are very critical to their productivity. Similar
results were reported by Bravo and Duimovic (1978) on
garlic crop.

Effects of irrigation on growth, development and

yields of other related crops (Alliaceae family) have
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been documented. Leong (1986) working with Shallot in
glass house in Malaysia, reported that a daily
application of water at 12.5mm gave significantly higher
yields compared with the same volume of water given at
longer intervals. Dhian and Sharma (1991} conducted field
trials in India involving four irrigation regimes on
onien (0.75, 1.00, 1.25 and 1.50 IW/CPE) and reported
that bulb diameter, bulb dry weight, plant dry weight and
bulb yield increased with increasing IW/CPE ratio.
Similarly Hou and Jang (1980) reported that frequent
irrigation on leeks increased plant size, increased dry
matter production and yields, while reducing the
cellulose and lignin contents of the bulbs, though bulb
protein content was not affected. Chaudhry and Erinne
(1984) however, repcrted that 3-day irrigation interval
produced the highest bulb yield and bulb size of onion.
They reported that the lowest yield was obtained with 6-
day irrigation interval; though the 3 and 6-day intervals
increased bolting and decreased shelf life of bulb.

Hassan (1984) reported that 10-day irrigation
interval produced taller plants, larger bulb size and
higher bulb yield in onion. Shortening the interval to 5-
day reduced bolting but increased bulb doubling. However,
El-Tabbakh et. al., (1979) reported that the highest bulb
yield, single bulb yield, average bulb size and average

bulb weights were obtained bv irrigating onicn everv 3
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weeks. They recorded significant reduction in these
parameters including plant height, by widening the
irrigation interval. However, twoO week irrigation
interval produced the highest plant dry matter, tallest
plants, higher N-concentration in tissues, higher
chlorophyll as well as total carotencids content of the
onion bulbs. Selinger and Hubner (1984) noted that
irrigation increased growth and yield components,
including yield in onion. They also observed that
adequate moisture supply was essential when bulbs were
swelling, but later irrigations tended to delay onion
ripening. Nassar and Waly (1977) as well as Bottcher et.
al., (1979) independently noted that frequent but light
irrigation increased all growth and yield parameters of
onion and reduced storage losses. Duranti and Barbieri
(1986) testing different irrigation frequencies and
planting densitites on garlic reported that plant height,
dry matter production and number of leaves per plant were
increased with frequent irrigation. They also recorded
significant increase in bulb weight, bulb size and final
bulb yield with frequent irrigation. Donnari et.al.,
(1978) working in Argentina with a pink garlic variety
reported that crops yielded more when grown in a high
moisture regime. Klar et.al., (1977} also recorded
significantly higher plant dry weight, leaf number per

plant and final bulb yields of onicn when irrigations
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were given at -0.15 bars and that lack of moisture had
detrimental effect on the total growth rate of onion. It
was also reported by Caraballo et. al., {1989) that fresh
bulb weight, dry bulb weight, bulb diameter, bulb yield
and all growth parameters were positively affected by
adequate supply of meisture to onion crop. However,
Teviotdate et.al., (1990) reported that fresh weight of
bulbs of onion and content of scluble solids in onion
bulb were not affected by irrigation method or volume of
water delivered to the crops. Abidin and Karti (1989)
using 3, 6, and 9 days irrigation intervals on garlic
reported that the 3-day irrigation interval gave the
highest increase in fresh weight, dry weight of bulb,
bulb diameter, bulb weight and bulb yield.

Chung (1989) working on effect of irrigation on
onions reported that applying irrigation at 5-day
interval significantly increased the total bulb yield by
influencing bulb size, bulb weight and plant dry matter.
Also Kolota (1979) reported that frequent but light
irrigation on leek crop resulted in 80% increase in total
yield, 82% on commercial yield and also improved crop
quality. Similar results were recorded by Kamszowski and
Umiecka (198%). Lanzoni and Piolanti (1977) reported that
optimum irrigation interval of 5-day markedly increased

bulb weight, bulb size and bulb yield of onions.
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of Garlic

Aliudin (1978) recorded significant increase 1in
plant height, dry matter production and crop growth rate
in garlic with the application of 180Kg N/ha 1in
combination with 60Kg P,0/ha. All yield components and
bulb yield of garlic were significantly increased. Minard
(1978) on the other hand recorded the highest garlic bulb
yield with the application of 210Kg N/ha and 263kg
P,0;/ha. He reported that the increase was as a result of
favourable effect of both nitrogen and phosphorus on
growth and development of the crops. Escaff and Aljaro
(1982) recorded significantly higher bulb size, bulb
weight and bulb yield in garlic with the application of
150Kg N/ha in combination with 75Kg P,0/ha. Similarly,
Hilman and Noordiyati (1988) reported that application of
100kg Urea/ha and 150kg TSP/ha produced the highest bulb
size, bulb dry weight and bulb yield in garlic. They also
recorded significantly higher bulb diameter, bulb length
and average number of cloves per bulb. On the other hand,
Borabash and Kochina (1987) reported that the maximum
number of leaves per plant, plant height, leaf area and
yields of underground bulbs of garlic were obtained with
the application of 90Kg each of N and P,0,/ha. Chakrabarti
et.al., (1980) working on effects of rates of nitrogen

and phosphorus on onion reported no significant N x P
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interactions on all parameters assessed, while Khomenko
and Lysyuk {1981) recorded 120Kg N/ha in combination with
120Kg P,0¢/ha as cptimum with regards to plant height,
rate of maturity of crop and final bulb yield of onion.
Kolota (1979) recorded the highest onion bulb yield with
the application of 200Kg N/ha in combination with 200kg
P,0¢/ha, while Khan et.al., (1977) recorded the best
performance of onion with 50Kg N and 50kg P,0s/ha.
Nitrogen and rigation Interaction on Growth and Yie
of Garlic

Donnari et.al., (1978) reported that garlic grows
faster and yields more when the crop is grown in a high
moisture regime and receives nitrogen fertilization at
the same time. Lazzari et. al., (1978) also reported that
application of 150Kg N/ha with frequent irrigation
resulted in the production of highest bulb yield and
quality in garlic. Hegde (1986) in a two year trial on
cnion however, reported that the application of 160kg
N/ha in combination with irrigation at 0.45 bar gave the
largest bulb size, bulb diameter and final bulb yield.
Singh et.al., (1987) testing different rates of nitrogen
(0, 60, 90 and 120Kg N/ha) under different irrigation
frequencies (1,2,3 and 4 irrigations with 500mm at 20-day
interval) reported that the highest onicn bulb yield was
cbtained with the highest N and irrigaticn rates. This

was as a result of their positive effects on bulb size,
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bulb weight and plant dry matter. Kolota (1979) also
reported that frequent but light irrigation of leek crop
in combination with 200kg N/ha produced significant
effect on the growth and final bulb yield. Bottcher
et.al., (1977) also reported that increasing water supply
from 30mm tc 90mm along with the application of 130Kg
N/ha significantly increased growth, yield and yield
components of onion without any deleterious effect on
bulb quality and shelf life. El-Tabbakh et.al., (1979)
using 2,3,4 and 5-week interval along with 0, 20, 40 and
60Kg N/ha on onion, reported that widening irrigation
interval with lower or higher rates of nitrogen had a
dwarfing effect on plants and reduced neck length. They
reported that the highest bulb yield, tallest plants and
higher total dry matter contents were obtained by 3-week

irrigatien interval in combination with 60Kg N/ha.

Phosphorus and Irrigation Interaction on Growth and Yield
of Garlic

Kolota (1%79) werking with a related crop (leek)
reported that frequent but 1light irrigation in
combination with the application of 200kg P,0/ha resulted
in 80% increase in total bulb yield due to their effects
on root volume, bulb size, bulb weight and plant dry
weight. He attributed this effect to adequate dissolution
of the phosphate into soil sclution, where the P becomes

available for root uptake. Galbiatti and Castellane
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measures direct and indirect effect of each yield
contributing characters on yield as reported by Wright,
{1921). Miko et.al., (1996) reported a significant and
positive correlation between bulb yield and bulb weight.
They also reccrded significant and positive correlation
petween bulb diameter, number cf cloves per bulb and
clove weight with bulb yield of garlic. Bichi, (1997)
also repcrted that the magnitude of correlation between
cured bulb yield, average clove weight, average bulb dry
weight, bulb diameter, number of leaves per plant, plant
height and dry matter production were positive and
strong; while number of cloves per bulb and cured bulb
yield was not significant, though positive. Babaji (1996)
also recorded significant and positive relationship
between bulb yield, plant height, bulb diameter, bulb dry
weight and number of cloves per bulb; while he recorded
weak but positive relationships between number of
leaves/plant and bulb yield. Babaji (1996) however,
registered a negative correlation between number of days
to maturity and all growth and yield characters except
dry matter per plant and clove weight where the
association was strong and positive.

Miko et. al., (1995) and Bichi (1997) all recorded
significant direct contribution of bulb size to the final
bulb yield in garlic. However, Bichi (1997) recorded the

highest indirect contribution of bulb size to bulb yield
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via average clove weight. Average number of leaves per
plant was reported by Bichi (1997) to have a
significantly higher indirect contribution to bulb yield

via pbulb diameter.
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CHAPTER THREE

MATERIALS AND METHODS

Experimental site:

Three field experiments were conducted during
1984/95, 1995/96 and 19%96/97 dry seasons at the
irrigation farm of the Institute for Agricultural
Research, Samaru {(11°11°'N, 07"38'E; 686 metres above sea
level) in order to study the response of garlic (Allium
gativum L.) to varying levels of nitrogen, phosphorus and
irrigation frequency. Samaru is located in the Northern
Guinea Savanna zone. The pericd of experimentation was
rainless. However, the average monthly minimum and
maximum temperatures across the 3 seascons ranged from
11.1 to 23.0° and 27.0 35.5%, respectively. The average
relative humidity ranged from 11.93 to 76.40%. Appendices
I, II and III present the meteorclogical data at Samaru
during the periods of field experimentation. Laboratory
analysis of soil samples of experimental fields indicated
the soilg to be sandy lcam with low nitrogen and cation
exchange capacity and a pH of 6.55. The detailed physico-
chemical properties of the soils are presented in
Appendix IV.

Treatments and experimental design

The treatments consisted of four nitrogen levels (0,
75, 150 and 225Kg N/ha), three rates of phosphorus (0, 75

and 150 Kg P,0,/ha; x 0.44 to convert P,0; to P) and three
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irrigation intervals (5; 10 and 15-day). The main
treatments consisted of nitrogen levels and irrigation
intervals, while phosphorus levels were assigned to
subplots. The treatments were replicated three times in
a split plot design. A local garlic variety, Ex-Kcfa was
used in these experiments. Ex-Kofa, when fully grown is
about 45cm tall. It is of medium maturity (110 - 12§
days) depending on prevailing weather condition. It
yields an average of 15tons/ha. Bulbs are medium in size
and sealed up at the tip. Each bulb censists of cloves
ranging from 10 to 40 depending cn bulb size. The gross
plot size was 1.5 metre wide which accomodated 10 rows
and 2 metre length. The net plot (0.9 x 1.4m) consisted
of six inner rows of 2 metres length, leaving 3 plants at
the end of each row to exclude the border effect.

Soil sample analysis

Composite soil samples from 0 to 30cm were taken

prior to land preparation and were analysed for their
physico-chemical properties.
Soil tex

The soil texture of the experimental field was
determined using hydrometer method as described by
Boyoucos (1951). After estimating soil composition its

textural class was determined by soil texture triangle.
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Soil pH and organic carbon

The scil pH and organic carbon of the fields were
determined using the laboratcry standard procedures ag
described by Black (1965).

Total residual nitrogen

It was determined in the laberatory using the Macro-
Kjeldhal procedure as described by Bremmer, (1965) and
IITA, (1975).

Available phosphorus

Scil samples were subjected to laboratory analysis
to determine the soil available phosphorus using the
method described by Trough (1930), while the extractable
phosphorus was determined using molybdate blue colour
method suggested by Bray and Kurtzs (1945)

Exchangeable cations

The acetic acid method as described by Reith, (1967)
was used for exchangeable cations determination. Atomic
absorption spectrophotometry was used to estimate the
concentrations of calcium, potassium and magnesium using
Perkin Elmers Model 403,

Cultural Practices

Land preparation

The experimental plots were properly ploughed and
harrowed twice to obtain a fine tilth. A furrow of 75cm
in between strip of 1.5m was dug and used as distri-

butory channel. Later, the strips were encircled with
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raised bunds, into basins of 2-meter 1length. Land
preparations were carried out in mid-November. Drainage
channels were constructed at the tail end of the field.
Planting material, sowing and irrigation

Prior to sowing, garlic bulbs were split into the
cloves (planting materials), large and viable cloves were
selected for better germination, seedling establishment
and growth. The cloves were soaked in water over-night in
order to remove the scale leaves covering the cotyledon,
which enhanced rapid sprouting. The field was pre-
irrigated before sowing to provide good clove-soil-water
contact. Immediately after the seed preparation and pre-
irrigation, cloves were sown by hand at 10cm between
stand and 15cm between rows. General irrigation was given
at 5-day interval for 4 weeks during which the seedlings
got fully extablished. Subsequently, irrigation treatment
was imposed. Two weeks before harvest irrigation was
stopped to allow for uniform maturity.

F 113 14 .

A basal dose of half the nitrogen rate and full dose
of phosphorus (as per treatments) as well as 30kg K,0/ha
were applied at sowing. Urea (46%N),muriate of potash
(60%K,0) and single superphosphate (18% P,0,) were used as
sources of nitrogen, phosphorus and potassium,
respectively. The second dose of nitrogen was applied as
side dressing at four weeks after sowing. The fertilizers

were incorporated manually using hand hoe.
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Weed control
Weeds were properly controlled by hand hoe. Three

hoe weedings were carried out in each season.

Diseases and pegt control

No incidence of diseases was recorded throughout
the period of experimentation in all seasons. However,
termites caused some mild damage to roots in 1995/96
season.

Harvesting and bulb curing

Bulbs were harvested when the leaves turned pale
green and started falling down. The field was irrigated
lighty two days before harvest to soften the soil for
easy harvest. Bulbs were dug out carefully using hand
hoes. The harvested bulbs were bagged, labelled, weighed
(for fresh bulb yield) and tranferred to a curing room.
For curing, bulbs were spread in single layer in an open
space to allow the excess moisture to evaporate.
Data Cellection

Five plants per sub plot were randomly tagged and
were used for all ancillary measurements. In addition,
for destructive samples like dry matter production, bulb
dry weight, etc at different growth stages, five (5}
plants were dug at random for determination of specific

parameters,

Plant height {cm)

The plant height was measured from the sampled
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plants from the ground level to the tip cof the longest
leaf at 6,9,12 and 15 weeks after sowing.
Number ve er pla

The total leaf number from the tagged plants was
counted and averaged out to obtained the average number
of leaves per plant at 6,9,12 and 15 WAS..

Dry matter production (gm/plant)

Five random plants were dug out carefully and soil
completely removed. The fresh weight was obtained and
samples were then oven dried at 70°C to a constant
weight. Later, average dry matter production per plant
was obtained at 6,9,12 and 15 WAS. The data were further
used in growth analysis.

Crop Growth Rate (CGR)

It is the dry weight increament per unit area per
unit time which was computed using data from dry matter
production at 6, 9, 12 and 15 weeks after sowing using
the fecllowing equation as suggested by Dyson and Watson
(1971) .

CGR = W,-W,
t-ty

Where W, and W, represented dry matter at times t,

and t,, respectively.

Relative Growth Rate (RGR)

The dry weight increament per unit plant dry weight
per unit time (RGR)} was computed at 9, 12, and 15 weeks
after sowing using the following equation given by Dyson

and Watson (1971).
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RGR = LogW,-LogMW,
L, ~ &

W, and W, connotes dry matter at times t, and t,,
respectively.

Number of davys to maturity

Determined by counting the number of days from
sowing to maturity indicated by the change of colour fron
green to pale-green and the leaves had fallen,

Mean number of cloves per bulb.

The five tagged bulbs were sgplit into cloves anc
counted; the number was divided by five to get the
average number of cloves per bulb.

Mean clove weight {gm}

The counted cloves from the above observation were

waeighed and divided by the total number of cloves to get
the mean c¢love weight.

Mean bulb weight {(gm!

Tagged plants were dug out seperately at harvest and
weighed. The total welght was averaged to get the mean

bulb weight,

Mean bulb size (¢cm).

The diameter of the five bulbs harvested wasg
determined at their widest girth using a vernier caliper,
from which the mean bulb size was obtained.

Fresh Bulb vield per hectare

The bulbs harvested £from each net plot were
collected, c¢leaned and weighed. The weights were later

expressed in kilograms per hectare.
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Cured Bulb yiel hectare

The harvested bulbs from each net plot were cured by
sun-drying in a single layer for a period of two weeks.
The cured bulbs were weighed and values extrapolated to
yield in kg/ha.
Bulb Crude Protein ent

The crude protein content was determined from a
sample of each treatment using the Micro-Kjeldhal
proccedure (A.O0.A.C., 1975), The composite bulb sample
was oven-dried, ground and sieved. Cne gram of the sieved
sample was digested using sulphuric acid, with copper and
scdium sulphates acting as catalysts. The solution was
then distilled into boric acid. The distillate was later
titrated against a standard hydrochloric acid (HCl) and
the percent N content determined from the titre. The
crude protein content of the samples was finally obtained
by multiplying the percent N content with a factor of
6.25 as reported by Sankaram (1966) and A.0.A.C. (1975),

Mean Phosphorus content of the bulbs

The bulb phosphorus content was determined by the
triple acid (H,S0, - HCLO;-HNO,) wet digestion method. The
phosphorus in the digested samples was then estimated by
the molybdo-phosphoric yellow colour methed as described

by Dirk and Myrna (1984).
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atisti A si 3
All data collected were subjected to analysis of
variance as described by Snedecor and Cochran (1967). If
significant difference existed the treatment means were
evaluated using Duncan Multiple Range Test (Duncan,
1955) . Simple correlation analysis was done to ascertain
the type and magnitude of relationships between the
different variables. A polynomial response of the bulb
yield to nitrogen, phosphorus and irrigation intervals
were worked out as descrebed by Little and Hills (1978).
Regression analysis as described by Steel and Torrie
{1984), was also carried out to determine the optimum
level of nitrogen for maximum bulb yield. Path co-
efficient analysis as reported by Dewey and Lu (1959),

was also done to determine the direct and indirect

contributions of some important growth and vyield
compenents to bulb yield, while the percent contribution
of each of the growth and yield components to bulb yield

was partitioned as reported by Ajala et.al., (1996).
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CHAPTER FOUR

RESULTS

Effect of nitrogen, phosphorus and irxrigation interval on

growth of garlic.

Plant height {1994/95

The mean plant height (cm) sampled at different
pericds as affected by nitrogen, phosphorus and
irrigation fregeuency and significance of interactions
during 1994/95 dry season i1s presented in Table 1.

The results indicated that nitrogen application has
influenced plant height at all sampling pericds. There
was a gignificant increase in plant height with increase
in nitrogen rate conly from 0 to 75Kg N/ha at all sampling
stages. No significant difference in height was recorded
between 7% and 150kg N/ha in all sampling stages,.
However, when N rate was increased to 225%5kg N/ha there
was a decrease in height at 15WAS.

Plant height was also gignificantly affected with
the first dese of 7%kg P,0; compared with the contrcl. A
further increase in phosphorus level to 1%0kg/ha,
however, did not increase the plant height at all stages
under study. This trend was recorded throughout the
sampling periods of 6,9, 12 and 15 weeks after sowing.
However, the application of 75 and 150kg P,05/ha produced
plant heights that were statistically higher than the

control treatment,
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Irrigation frequency significantly affected plant
height of garlic at all sampling stages. At 6 weeks after
sowing, there was a progressive decrease in plant height
as irrigation interval was delayed from 5 to 15 days. In
the other three stages, increasing interval from 5 te 1C
or 15 days, significantly decreased plant height.
However, the difference between 10 and 15 days was not
statistically significant.

Significant nitrogen x phosphorus and nitrogen x
irrigation interval interactions were recorded on plant
height at 12 and 6 weeks samplings respectively (Table
2). Nitrogen x phosphorus interaction at 12 WAS revealed
that at 0 1level each of nitrogen and phesphorus,
increasing other levels of either nitrogen or phosphorus
has not increased plant height. However, at 75kg each of
nitrogen and phosphorus, there was an increased in plant
height. A further increase in nitregen level, did not
increase plant height but at 150kg of phosphorus there
was an increase in plant height at all levels of N which
was statistically at par with 75kg each of nitrogen and

phosphorus.
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Table 1: Plant height {(cm) of garlic as influenced by levels of
nitrogen, phosphorus and irrigation intervals during
1994/95 dry season at Samaru

Treatmernt {g) 6WAS OWAS 12WAS 15WAS

Nitrogen (kgN/ha)l

0 17.40b 26.64b 33.0%b 37.87b
7S 21.05a 30.15a 38.78a 42 .09a
150 2l.4%5a 28.5%%a 36.30ab 3g8.47a
225 21.44a 28.84ab 34.02b 35.82k
SEy G.280 0.87 1.42 1.38
Significance * ** Tk * ok

Phosphorus {kg P,0:/ha)

0 19.38b 27.50b 33.43b 36.21b

75 20.72a 29.64a 36.46a 39.31a

150 20.91la 29.58a 36.74a 40.07a
SE+ 0.31 0.56 0.71 0.93
Significance * * *k **

Irrigation Interval {day)

5 22.00a 29.30a 38.98a 39.51a
10 20.40b 26.66b 34.,28b 35.20Db
15 18.6lc 26.76b 33.38b 34 .98b
SE+ Q.28 0.75 1.23 1.20
Significance * * * k *

Interactions

N X P NS NS * & NS
N X I * NS NS NS
P X I NS NS NS NE
N X P X I NS NS NS NS

Means followed by the same letter(s) within a treatment group are
not significantly different at 5% level of gignificance using
Duncan Multiple Range Test (DMRT)}.
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The nitrogen x irrigation interval interactiecn
(Table 2} on plant height revealed that when N rates are
kept constant while comparing irrigation interval, the
different irrigation treatments did not differ
significantly on plant height under OkgN/ha. However, at
75 and 150kgN/ha, the 5-day irrigation interval produced
significantly taller plants than either 10 or 15 days
intervals which were statistically at par. Under the
highest rate of nitrogen {225kgN/ha) the plant height was
observed tc decrease with increase in number of days
between irrigations. However, when irrigation treatments
are held constant, while comparing the various nitrogen
rates, it was observed that plant height was
significantly increased with increase in nitrogen only
upto 75KgN/ha beyond which no significant effect was
recorded. This trend was reccrded irrespective of the
irrigation interval, except in the case of 15-day
irrigation interval at the highest level of nitrogen

(225kg/ha), where a reduction was recorded.
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Table 2: Plant height as affected by nitrogen x phosphorus and
nitrogen x irrigation interval at 12 and 6 WAS, during
the 1994/95 dry season.

itrogen N/ha
Treatments 0 75 150 225
;hosphorus (kg P,0s/ha) 12WAS i
o 32.74cd 35.52bcd  35.33bcd  30.15d
75 32.56cd 42 . 463 36.30bc 34 .53bcd
150 33.96bcd 38.37ab 37.26abc  37.37abc
SE+ 1.835
Irrigation Interval {day) EWAS
5 17.25fF 22.73abc  23.55ab 24 .46a
10 17.82¢f 20.52de 21.20cde 22.06&bcd
15 17.14¢£ 19.89e 19.¢€0e 17.82fF
SEx 0.585

Means followed by the same letter(s) within a set of interaction
are not statistically different at 5% level of significance using
DMRT.
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Pla igh 1995/96

The mean plant height ({(cm) as influenced by
nitrogen, phosphorus and irrigation interval and
significance of interactions in 1995/96 dry season is
shown in Table 3.

Application of nitrogen had significant effect on
garlic plant height at all stages of sampling. At 6 weeks
after sowing, the application of 75, 150 and 225Kg N/ha,
significantly increased the plant height over the control
although the differences within the levels were not
significant. At 9 and 15WAS there was similar trend
except, that the height was depressed at the highest
level of nitrogen. However, at 12WAS, plant height
increased with the initial level of 75kg N/ha. A further
increase in N-level tended to depress the plant height.

Plant height at all stages was significantly
affected by the application of phosphorus, The
application of 75 and 150kg P,0,/ha though significantly
superior to the control treatment, produced statistically
similar plant heights at all stages of sampling.

Irrigation frequency was cbserved to have
significant influence on plant height at various sampling
stages. At 6 weeks after sowing, it was observed that
there was a progressive decrease in plant height with
increase in irrigation interval but in other stages of

plant growth, 5 days irrigation interval produced taller
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Table 3: Plant height (em) of garlic as influenced by rates of
nitrogen, phogphorus and irrigation intervals during
1%95/96 dry season at Samaru

Treatment {s) 6WAS 9WAS 12WAS 15WAS

Nitrcgen (ka N/ha)

0 16.12b 23.91b 29.19c¢ 33.8¢6b

75 15.68a 27.28a 35.78a 38.37a
150 20.10a 26.99%a 33.67ab 35.50a
225 20.11a 23.98b 31.16bc 32.82b
SE+ 0.34 0.75 1.43 1.37
Significance * & * % * ¥ *

Phosphorus (kg P,0./ha)

0 18.03b 24.19%b 30.37b 32.52b
75 19.42a 26.47a 33.43a 36.04a
150 15.55a 25.958a 33,55z 36,88a
SE+ 0.29 0.49 0.75 0.87
Significarnce ** * * % i

Irrigation Interval (dav)

5 20.68a 26.28a 316.09a 38.69%9a
10 19.01b 24 .04b 31.09b 34.41b
15 17.30c 24 .30b 30.17b 38.74b
SE+ 0.29 0.65 1.24 . 1.19
Significance * % * % * * &

Interactions

NXP NS NS NS NS
NXI * % NS NS NS
PXI NS NS NS NS
NXPXTI NS NS NS NS

Means followed by the same letter within a treatment group are not
significantly different at 5% level of significance using Duncan
Multiple Range Test (DMRT).
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plants than either 10 or 15-day irrigation interval,
which were statistically at par.

Only nitrcgen x irrigation interaction was observed
to be highly significant on plant height at 6 WAS. (Table
4) . Comparing the various nitrogen rates while keeping
irrigation intervals constant, it was observed that plant
height was significantly increased irespective of
irrigation treatment, with increase in applied nitrogen
only upto 75Kg N/ha. Further increase in applied nitrogen
beyond 75Kg N/ha did not influence plant height
significantly. Comparing the irrigation intervals while
keeping nitrogen rates constant, it was observed that
under 0kg N/ha, mean plant heights produced by the
various irrigation treatments were statistically at par.
However, further increase in applied- N to 75 and 150Kg
N/ha, it revealed that the 5-day irrigation interval
produced significantly taller plants than either 10 or
15-day irrigation intervals, which were found to be
statistically at par, except at 225kg N/ha and 15-day
irrigation interval where the plant height was observed

to decrease.
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Table 4: Plant height of Garlic as affected by Nitrogen x
irrigation interval at 6WAS during 1995/96 season.

Nitrogen (Kg N/ha)
Treatments 0 75 150 225

Irrigation Interval {dav}

5 16.00¢F 21.38bc 22.23ab 23.12a
10 16.49fF 19.08de 19.76cde 20.71bcd
15 15.86€ 18.56e 18.71e 16.48¢
SE+ 0.559

Means followed by the same letter(s) within a set of interaction

are not statistically different at 5% level of significance using
DMRT.



Fidice

44
P] height, 1996797

Garlic plant height as affected by applied levels of
nitrcgen, phosphorus and irrigation frequency at
different stages of crop growth is presented in Table 5.

The analysed data showed that application of 75, 150
and 225kg N/ha produced plant heights that were
statistically at par at 6,9 and 15 WAS sampling periods,
while the control treatment produced statistically
shorter plants than these rates. At 12 WAS however, there
was no significant difference between 75 and 150kg N/ha
as well as between 0, 150 and 225Kg N/ha, respectively.
There was also no significant difference between 0 and
225Kg N/ha at 15 WAS.

Differences due to phosphorus application were
significant at all sampling periods. There was no
significant difference between 75 and 150kg P,0(/ha in
relation to plant height at all sampling stages, though
the control treatment had consistently produced
statistically shorter plants than 75 and 150kg P,0/ha.

Irrigation frequency was also observed to have
significant effects on plant height at all sampling
periods. The plant height significantly decreased with
each increase in irrigation interval at 6 WAS. In other
stages, however, increasing the irrigation interval
either to 10 or 15-day significantly decreased plant

height. The difference between 10 and 15-day irrigation
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Table 5: Plant height (cm} of garlic as affected by levels of
nitrogen, phosphorus and irrigaticen intervals during
1996/97 dry season at Samaru

Treatment (s} GWAS 9WAS 12WAS 15WAS

Nitrogen {kg N/ha}

0 16.36b  20.74b  32.53b 37.22b
75 21.33a  27.%0a  37.08a  43.18a
150 "~ 21.5%a 27.34a 36.41ab  43.15a
225 20.93a  27.77a  37.82b  40.77ab
SEx 0.30 0.83 1.32 1.41
Significance * ¥ * LA * %

Phosphorus (kg B,0./ha)

0 18.38b 26.03b 33.5%4b 38.52b

75 20.85a 28.28a 36.96a 42.94za
150 20.94a 28.01a 37.4%a 41.78a
SE+ 0.25% .53 G.594 0.55
Significance ** ** L *

Irricgation Interval

5 22.30a 29.46a 38.66a 42.693
10 20.02b 26.95h 35.02b 38.892bk
.15 17.84c¢ 25.91b 33.,69b 38.63b
SE+ 0.26 g.72 1.14 1.23
Significance * K * * ok * *

Interactions

NXP * ¥ NS NS ¥k
N X I woH * NS NS
P X I * NS NS NS
NXPXI NS NS NS NS

Means followed by the same letter(s) within a treatment group are
not significantly different at 5% level of significance using
Duncan Multiple Range Test {DMRT).
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intervals was not significant,

Nitrocgen x phosphorus (at 6 and 15 WAS), nitrogen X
irrigation (6 and 9 WAS) and phosphorus x irrigation f(at
6 WAS) were all highly significant on plant height (Table
& and 7). The nitrogen x phosphorus interaction {(Table 6)
at 6 WAS revealed that irrespective of phosphorus rate
applied, plant height was significantly increased with
increase in nitrogen rate only upto 75kg N/ha beyond
which no significant increase was recorded. However, in
the case of 0kg P,0s/ha plant height was increased upto
150kgN/ha. The application cof 75 and 150kg P,0(/ha in
combination with all rates of nitrogen produced
statistically similar plant heights. Generally, the
combination of 75kg P,0s/ha with 75kg N/ha produced plant
height that was comparable to heights produced by the
combined effects of the highest rate of phosphorus and
nitrogen.

Nitrogen x phosphorus interaction on plant height at
15 WAS (Table 6) revealed that if in the absence of
nitrogen increasing levels of phosphorus levels or vice-
versa, the plant height was not affected significantly.
Hewever, increasing both nitrogen and phosphorus levels
to 75kg/ha or more produced taller plants which were
statistically similar, except at 225kg N/ha and 150kg
P,0s/ha which produced shorter plants than 75kg P,0,/ha at

150kg N/ha and 150kg P,0,/ha at 75kg N/ha, respectively.
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Table 6: Plant height (cm) as affected by Nitrogen x phosphorus
and nitrogen x irrigation interval during 1996/97 season.

5 K n
Treatments 0 75 150 225
Phosphorus (kg P,0s/ha) 6 WAS
Q 14 .349g 18 .86de 20.55%bc 19.76¢cd
F i 16.73E 22.51a 22.76a 21.39%ab
150 18.01ef 22.63a 21.46ab 21.65ab
SE+ 0.511
Phospherus (kg P,0./ha) 15 WAS
0 38.25cde 41.11cde 37.24e 37.49de
75 36.42e 43.8labc 47.79%a 43.72abcd
150 36.99%e 44 .,72ab 44 .43abc  41.09cde
SE+ 0.097
gkrigation Interval (day} 6 WAS
5 17.50gh 24.23a 23.45ab 24.02a
10 16.21hi 20.09de 22.43bc 21.35cd
15 15.37i 19.68ef 18.90fg 17.43gh
SE+ 0.516
Irrigati Vv 9 WAS
5 26.16c 31.00ab 27.95b¢ 32.74a
10 25.66c 26 .38c 26 .86C 25.88c
15 25.39c 26.33¢ 27.20bc 24.70c
SE+ 1.440

Means followed by the same letter(s) within a set of interaction
are not statistically different at 5% level of significance using
DMRT



48

Nitrogen x irrigation interval interaction on plant
height at 6 and 9 WAS as shown in Table 6 indicated that at 6
WAS, the 5-day irrigation interval produced significantly
taller plants than either 10 or 15-day interval, under all
rates of N. At 0 and 75kg N/ha there was a significant
decrease in plant height when irrigation interval was
increased from 5 to 15-day. However at 150kg N/ha, the
difference between 5 and 10-day irrigation interval was not
significant a further increase in irrigation interval to 15
day has significantly reduced the plant height. At the highest
levels of 225kg N/ha, there was a progressive decrease in

plant height with each increase in irrigation interval.
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Table 7: Plant height (cm) as affected by Phosphorus x Irrigation
interval at 6WAS during 1996/97 season.

Nitrogen (Kg N/ha)

Treatments 0 75 150
Irrigation I rv d
5 20.11cd 23.46a 23.32a
10 18.22e 21.18bc 20.66b
15 16.80f 17.90ef 18.83de
SE+ 0.442

Means followed by the same letter(s) are not statistically
different at 5% level of significance using DMRT.
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At 9 WAS, however, the Nitrogen x irrigation
interval on plant height (Table 6) revealed that the 5-
days irrigation interval was significantly superior to
either 10 or 15-day interval at 75 and 225Kg N/ha, while
statistically similar plant heights were recorded under
0, and 150kg N/ha, respectively. Comparing the varicus N-
rates while keeping the irrigation treatments constant,
the application of 75 and 225kg N/ha at 5-day irrigaticn
interval, produced statistically similar values but were
statistically taller than the control. Hewever, with
increase in the number of days between irrigation, the
various nitrogen rates under study did not produced any
significant variation in plant heights.

The significant phosphorus x irrigation interval
interaction on plant height at 6WAS (Table 7) indicated
that the application of 75 or 150kg P,04/ha in combination
with 5-day irrigation interval produced statistically
taller plants than any combination. When the irrigation
interval was increased to 10 days significant increase
in plant height was only recorded when phosphorus level
was increased from 0 to 75kg P,04/ha over the control. At
15-day 1irrigation interval,the application of 150kg
P,0s/ha produced statistically taller plants than the
control. Comparing the irrigation intervals while keeping
the phosphorus level constant, it was observed that there
was a significant decrease in plant height with each

increase in days between irrigation at all P-levels.
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e mber ves/plan 1994 /95

Data on mean leaf number per plant as affected by
nitrogen, phosphorus and irrigation interval at 6, 9, 12
and 15 WAS and their interactions in 1994/95 dry season
are presented in Table 8.

Results obtained showed that nitrogen application
had significant effect on leaf number of garlic plant at
all stages of sampling. At 6 WAS application of 150kg
N/ha produced significantly higher number of leaves/plant
than all other rates. It was also noted that 75kg N/ha
was statistically superior to 225kg N/ha, which in turn
produced significantly higher number of leaves/plant than
the control treatment. At subsquent stages of growth,
however, application of 75kg N/ha precduced statistically
higher number of leaves. Increasing nitrogen level to
either 150 or 225kg N/ha, reduced the number of
leaves/plant at 9 WAS. Both at 12 and 15WAS number of
leaves/plant were not increased significantly when N rate
was increased from 150 to 225kg N/ha. However, number of
leaves per plant at 225kg N/ha was significantly lower
than 75kg N/ha at 12 WAS.

Phosphorus application was also noted to have
positive and significant effect on number of leaves per
plant at all sampling periods. At all sampling stages of
growth the number of leaves/plant produced under 0kg

P,0s/ha was lower than the other two levels of applied
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phosphorus, the difference of which was not significant
statistically.

Frequency of irrigation also had significant effect
on number of leaves per plant at all stages of sampling.
At 6 WAS, there was a significant decrease in the number
of leaves produced per plant with each increase in
irrigation interval. However, at 9 and 15 WAS, no
significant difference in leaf number/plant was recorded
between 5 and 10 days as well as between 10 and 15 days
irrigation intervals, respectively. Average leaf number
par plant was, however, statistically higher with S5-day
interval at 12 WAS, than 10 and 15 days irrigation
intervals, which were statistically similar.

All first and second order interactions were not

significant at all sampling periods.
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Table 8: Mean number of leaves per plant as affected by rates of
nitrogen, phosphorus and irrigation intervals during
1954 /95 dry season at Samaru

s

Treatment (s) 6WAS 9WAS 12WAS 15WAS
Nit kg N/h _
0 3.28d 4.63b 8.14b 16.31b
75 4.14b 5.7%a 9.86a 20.30a
150 4.82a 5.51b 9.03ab 18.11ab
225 3.81¢ 5.23b 8.76b 17.90ab
SE+ 0.085 ;317 0.48 1,31
Significance * ok * ok ** * %

Phosphorus (kg P,0,/ha)

0 3.87b 4.14b 7.924b 15.8€b

75 4.18a 5.,98a 9.08a 18.99%9a
150 3.9%ab 5.73a g.81la 19.61a
SE+ 0.086 0.181 0.27 0,73
Significance LA ** ** * %

Irrigation Interval (day)

5 4.46a 5.72a 9.59%a 19.78a
10 4.03b 5.42ab 9.06b 18.15ab
15 3.55c 4.71b 8.18b 16.54b
SE+ 0.074 0.274 0.41 0.93
Significance Lk % * % *

Interactions

N X P NS NS NS NS
N X I NS NS NS NS
PX1 NS NS NS NS
NXPXI NS NS NS NS

Means followed by the same letter(s) within a treatment group are
not significantly different at 5% level of significance using
Duncan Multiple Range Test (DMRT).
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The data on mean number of leaves per plant as
affected by nitrogen, phosphorus and irrigation interval
at €, 9, 12 and 15 WAS and their interactions during
1995/96 season are presented in Table 9.

Application of nitrogen to garlic had significant
effect on the number of leaves produced per plant at all
stages of growth. At 6 WAS application of 75kg N/ha had
produced significantly higher number ofleaves per plant
than the control treatment at all sampling.A further
increase in N-level to either 150 or 225kg/ha did not
increase the number of leaves/plant at 9, 12 and 15WAS;
depressed number of leaves at EWAS.

Phosphorus application had significant effect on
leaf number only at 9, 12 and 15 WAS. Number of
leaves/plant was not significantly affected by P-levels
at 6WAS. The application of 75 and 150kg P,0,/ha produced
statistically similar leaf number per plant though
significantly higher than the control at 9,12 and 15 WAS.

Irrigation interval was observed to have significant
effect on leaf number per plant at all sampling pericds.
At 6WAS, there was a highly significant reduction in leaf
number per plant with each increase in the number of days
between irrigation. The number of leaves/plant
significantly decreased when irrigation interval was

increased from 5 days to either 10 or 15 days at 9 and 12
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WAS. At 15WAS, there were significant reduction in leaf
number/plant when irrigation interval was increased from
5 to 15 days.
None of the interactions were observed to be
significant on leaf number per plant at all the sampling

periods.
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Table 92: Mean number of leaves per plant as affected by rates of
nitrogen, phosphorus and irrigation intervals during
1995/96 dry season at Samaru

Treatment (s} &6WAS 9WAS 12WAS 15WAS

Nitrogen (kg N/ha)

8] 3.34b 4.03b 5.86b 10.42b

75 3.66a 5.33a 6.77a 14.32a
150 3.34b 5.02a 6.66ab 14.93a
225 3.32b 4.73ab 6.38ab 14,20a
SE+ 0.07 0.30 D.28 1.14
Significance * # * * * % L

Phosphorus (kg P,0;/ha)

0 3.32 4.52b 5.13b 11.34b

75 3.54 §.36a 6.68a 14 .23a
150 3.38 5.13a 6.43a 13.32ab
SE+ 0.08 0.18 0.23 0.81
Significance NS * % ** * &

Irrigation Interval {(day)

5 3.87a 5.75%a 6.51a 14,773
10 3.38b 4.77b 5.42b 13.53ab
15 2.99c 4.09b 5.32b 11.10b
SE+ 0.06 0.26 0.24 0.9¢%
Significance * * ok ** * ¥

Interactions

N X P ‘N8 NS NS NS
N X I NS NS NS NS
P X 1I NS NS NS NS
N ¥XPXI NE NS NS NS

Means followed by the same letter(s) within a treatment group are
not significantly different at 5% level of significance using
Duncan Multiple Range Test (DMRT).
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Mean number of leaveg/plant 1996/97

The effect of nitrogen, phosphorus and irrigation
interval on average number of leaves per plant at 6, 9,
12 and 15 WAS and their interactions during 1996/97 dry
season is presented in Table 10.

The mean number of leaves per plant was signifi-
cantly affected by the application of nitrocgen throughout
the growth stages of the crop. At 6 and 12 WAS, the
application of 75kg N/ha resulted in higher number of
leaves per plant than the control. However, at 9 and
15WAS, application of 75, 150 and 225kg N/ha produced
higher number of leaves per plant than the control,
though no statistical difference was recorded between 0
and 225kg N/ha at 9 WAS as well as 0, 150 and 225kg N/ha
at 15 WAS, respectively.

Phosphorus application was also noted to have highly
significant influence on mean number of leaves per plant
at all sampling periods. At all stages of sampling,
application of 75 and 150kg P,0s/ha produced same number
of leaves per plant; while the control treatment produced
statestically lower number of leaves plant than other
treatments.

Frequency of irrigation was cbserved to
significantly affect average member of leaves per plant
at all periods of sampling. At 6 and 9 WAS, there was a

progressive reduction in leaf number per plant with each
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increase in irrigation interval. However, the number of
leaves/plant produced at 12 and 15WAS days interval was
significantly lower than 5-day irrigation interval.

Significant nitrogen x phosphorus and nitrogen x
irrigation interval interactions were recorded only at 15
and 12 WAS, respectively (Table 11). The nitrcgen x
phosphorus interaction on average leaf number per plant
at 15 WAS indicated that increasing either levels of N or
P alone did not produce any significant effect on number
of leaves per plant. However, when phosphorus and
nitrogen levels were raised to 75kg each/ha significant
increase in leaf number per plant was recorded.
Increasing N-level beyond 75kg N/ha has significantly
decreased the number of leaves/plant but aaét 150kg
P,0;/ha, increasing N-level beyond 150kg/ha,

produced statistically similar number of leaves per
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Table 10: Average number of leaves per plant as affected by rates
of nitrogen, phosphorus and irrigation intervals during
1996/97 dry season at Samaru

Treatment (g) 6WAS 9WAS 12WAS 15WAS
Nitrogen
0 3.589b 4.19b 7.53b 14.38b
75 4.10a 5.:51a 9.18a 18.30a
150 3.90ab 5.39a B.26ab 16.11ab
225 3.65b 5.02ab 7.64Db 15.96ab
SE+ 0.12 0.30 0.45 1.06
Significance *% wk ke ¥
Phosphorus (kg P,0¢/ha)
0 3.35b 4.72b 7.19b 13.84b
75 3.9%a 5.52a 8.33a 17.11a
150 3.78a 5.29%a B8.93a 17.61la
SE+ 0.10 0.18 0.27 0.56
Significance * % i > **

Irrigation Interval (day)

5 4.243 5.81a 8.84a 17.81a
10 3.83b 4.99b 8.31ab 16.15ab
15 3.36¢ 4.13c 7.30b 14.60b
SE+ 0.10 0.26 0.39 0.92
Significance * *k * % **

Interactions

N XP NS NS NS %
N X1I NS NS bl NS
PXI NS NS NS NS
NXPXI NS NS NS NS

Means followed by the same letter(s) within a treatment group are
not significantly different at 5% level of significance using
Duncan Multiple Range Test (DMRT).



60

plant. Looking at the phosphorus levels while keeping the
nitrogen rates constant, it was observed that at OkgN/ha,
there was no statistical difference between the various
P levels under study. However, further increase in
nitrogen level to 75kg N/ha, no significant difference
between 75 and 150kg P,0,/ha was recorded, though they
were statistically superior over the contrel. At higher
levels of nitrogen (150 and 225kg N/ha), there was no
significant difference between 0 and 75kg P,0/ha as well
as between 75 and 150kg P,0,/ha, respectively.

The significant nitrogen x irrigation interval
interaction on leaf number per plant at 12WAS (Table 11)
revealed that at 5-days irrigation interval, all applied
levels of N produced statistically similar leaf number
per plant, which was higher than the control treatment.
Increasing the number of days between irrigation to
either 10 or 15 days, produced no significant difference
amongst the various N-rates tested with respect to
average leaf number per plant. Comparing the various
irrigation treatments while keeping the N-rates constant,
it is observed that irrespective of applied-N under
consideration, the 5 days irrigation interval produced

statistically the highest number of leaves per plant than






