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ABSTRACT
This study was conducted at the Institute for
Agricul tural Research. Samaru, Zaria - Nigeria during

the .1989 wet season to investigate the effects of plant
density, row spacing and sett size on the growt h,
devel opnent, , yield and quality of ginger (Zi ngi ber
of ficinale Rose.) The variety of ginger used was "Tafin
G wa" and the treatnent conprised of three pl ant
popul ati ons (166,666; 333,333; and 500,000 plants/ha)|
three row spacings (10, 20 and 30cm); and three sett
sizes (7.5; 15.0 and 22.5gm). The design of t he
experiment was a split plot with plant density and row
spaci ng conbi nati ons as the main plot treatnments and
sett size as the sub-plot treatnment. These wer e

replicated four times.

Resul ts showed t hat general ly t he growt h
characters studied and the rhizome yield increased with
i ncreasing plant density. At final harvest, the rhizome
yield at 500,000 plants/ha was 63% nore than that
obt ai ned at 166, 666 pl ants/ha.

The effect of row spacing on rhizome dry weight was not
consi stent. Leaf area index (LAI) was signifcantly
hi gher at 30cm conpared with the narrower row spacings
t hroughout the growth period. Consequently, the vyield
obtai ned at 30cm row spaci ng was 39% and 49% hi gher than

the yield recorded at 20 and 10cm respective?'/.
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Set t size signifcantly affected plant height and
rhizome dry weight per plant. Hi gher growth rate were
recorded with the |argest sett weight (22.5gm) compar ed
with the two smaller sett sizes- Final yield was not

significantly influenced by sett size.

The quality of ginger was characterised by the oi
and ash content in this study. Gi nger planted at 333, 333
pl ant s/ ha produced higher oil content (7.07%) than those

pl anted at the | owest (166,666 plants/ha) and hi ghest

(500,000 plants/ha) densities. Row spacing did not
af fect t he quality of gi nger whi | e sett size
significantly influenced the oil content. The highest
mean oil content (6.9%) was obtained with the smallest

sett compared with the medium and | argest sett weights.

This study indicated that growth, yield and quality
of gi nger could be enhanced by pl anting at hi gh
popul ation (500,000 plants/ha) and wide row spacings
(30cm). Sett size had no effect on final yield and
gquality of ginger.

The row spacing X plant density and plant density X
sett size interactions were significant.

There? was a positive correlation between yield and
all yield contributing characters studied and a positive
and si gni fi cant correl ati on between | eaf area index

(LAl.) and final vyield.
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Chapter 1

TETELHOLICT 3

Ginger (7. Fosc.) was one of the
garliest oriental spices known to Europe. Commercial
gingetr L1z prepared fraom the rhizome and marketed as
dried or preserved ginger. The dried rhizome which may
first be scraped or pesled before drvying, constitutes
the spice, estganted for its flavour pungency and aroma.
It i emploved widely for culinary purposes  in  ginger
bréadg biscuits, cakes, puddings, sSoups, nickies,
pappers, ples, sSausages, chocolate, pasties and as  a
constitueent ofcurry powder and other spice=s, flavours
and =seasoning mixtures. Industrially, it i=s wultilized
in the production of ginger beer, ginger ale, ginger
wine, and in the manufacture of bheverages such as ginger
ter. Preservaed ginger is prepared from freseh  immature
rhizomes, barvested at varying stages of development
before the attainment of full maturity. The tender
fleshy peelsgd rhizomes are beiled, after which it is
sugarised  and =pld as ginger gyrup. The rhizome also
vields an essential o©il used in the manufacture of
fFlavouring cecsences, The odour of the @il is long
lagzting,and as= such . often blended with other types of
oils in the manufacture of parfumes to impart a long
lasting oriental tone. It is similarly wsed in the
toilet waters of the spicy type. 1t is=s used in the

manufacture of powders, cosmetic=, hair oil and pomade.



2

An il (cleoresin) extracted from ginger is of medicinal
value. In MNigeria, a dye is extracted for use by
boiling the crushed ginger rhizomes in water.

The crop plant was introduced by the Portuguesg to
West Africa and then to other parrte of the tropics in
the 16th  century (FPurseglove, 1972). Since ite
introduction into Migeria it ha=s become an established

crop among  the people of the Scuthern part of Kaduna

State. Ginger is grown on a wide range of soil types
provided there is adequate drainage. It however,
thrives best in alluvial plain soils (Cho et al L987),

and in sandy loam clay scils with a let of organic
matter (Fauloso, 1972). 1t does well in regions wiith
annual rainfall of 1000 — 1500mm, distributed over 6 - B
months during the growinag period with duinal
temperatures  of 23*35DC (Anon. . L987) 4 and =soild FH
values of 4.0 — 6.5 (Shams=ul - Islam, 1781).

Though., ginger had for long been grownin Southern

il

Faduna, its production was vigeously / around 1927
(Gibbon, 1952). There was rapid expansion in production
with increased cultivation and by 1935 — 246, Nigeria was
reported to have produced about 7.8B% of the total world
output (Momber, 1942). In 1966, Nigeria was the second
largest world exporter of ginger (Arene et al, 1987).

Thereafter, exports fell to about 1500 tons in the early

=zepventies due to the Nigerian civil war (Furseglove,
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1972y Accordingly,. export earnings similarly decreased
from £2.47 million in 1974 to £1.8 million in 19277,

Thiz decline was sesignificant that by 1984, only 27

tone of dried ginger wasz reportedly exported  (fnon.,
L9 fAmon., . LRETY ., |

A survey of kaduna State Agriculture by #Ahalu et
#1  (1%Y%) showed that, ginger praduction efficiency

rating was very low. in Migeria, estimated vield wacs
enly o - 1Z2.9 tr/ha ef fresh ginger (Dudnn., 197 E),
whereas in other pearts of the world like Australia and
India, high vields of up to Z2Z t/ha have been reported
(Fureegiove, L9721, The low vields obtained in Migeria
could he ascribed to several agronomic factors among
which are. planting density, which could be manipulated
by the intye and inter row spacings, sett {(rhizome)
stre arngd  the wvariety cultivated. Under improved
cultuwral management, it is reported that yields of up to
ZD ~— EO t/ha are attainable under the Nigerian gQrowing
conditions (fAnon., 1%E7).,

With +the scientific base provided by reseach,
interest in aginger productien in bligeria has started to
arow, especially with the findings that ginger performz
well in the rainforest region of Migeria and has & great
potential as A major export crop. Foe instance. in

19846, MNigeria was reported to have earned £309,209 from

the euport of 218.4 tonse of ginger while in 1987,
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EZ2,240,8246 was earned from the export of 844.7 tons of
ginger (Cluaaowuly sad Ene, 1988)Y,

The gquality of the Migerian ginger is reported to
compare favourably well with those of Other countries in
the woarld market except for its =izxe and  fibrous
texture. These defects can be improved by selection and
the wuse of improved agroncomic practices;y especially

planting density, row spacing and sett size, as has been

demonstrated in Australia and Migeria, where significant

rEeROnNEe to ZpACiIingG and sath size have been
reported. (Mivilaey,  1%E1ly Mernba, 1287y debkeoe =t sl
1ees)y. Ginger growth was reportedly enphanced by close s

plant spacing while vield per wunit area was increased
with clozer intra row spacing and large setts (Hhiigyﬁ
1981y Manta, 1987y Orkwor &t =21, 19833).

Inspite of the long history of ginger cultiwvation
by the people of the Bouthern part of KkKaduna GState,
Nigeria, guantitative information on various aspects aof
the agroneomy of ginger is very scanty.

In view af the above, the obigctives of this study
were to investigateg

{1 The effect of plant density, o

spacing and =zett size on the growtbh,

development, yield and guality of
ginger. And

(ii) The interacticn of these Tactors on
the growth , development, vield and
guality of ginger.
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Chapter 2.
LITERATURE T B g

Effect of plant density on the arouwth and
vield of ainger

rJ
8]

An impportant aspect in the production of crop
plantse i= plant density which could be manipulated by
both inter and intra row spacings. Thugh density
usually refers to the number of plants per uwunit area,
their spacial arrangement is of eqgual importance.
Changes in plant density uwusually affects inter plant
competition and mutual shading which in  turn affects
both wvegetative reproductive and opther developmental
processes of the crop (Tetio—-Kagho and Gardner, 1%882).

Flant density studie=s in mugt crops have shown
that agermually, individual plant vyield decrease with
increasing density (i.e with closer crop spacings) while

the vield per plant increase with increased spacing

(Menta, 1987, Chiezey, 198%). However, the increase in
production by individual plants arown under wide
Epacing. may not compensate for the total vield

reduction per unit area as a result of the adoption of
less than optimium plant density. Thus. for most crops,
viepld per unit area has been reported to increase with
increasing plant density (Irritani et al 197Z2:Hopen and
Faterson, 19743 Mangual — Crespo et al  197%3 Brewster

and Slater, 19203 Nelson and Thoresan, 1982p FRahman and

Talubdar. 1984: Zharekhina, 1987). However, the total
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dry matter yield per unit area increases with increasing
density until a level of yield is attained. Thereafter,
further increase in density does not result in any yield
increase (Rleasdale, 1%&4: Gupta, 198%2: Chiezev. 1989).
Bleasdale (1964} referred to the plant density level at
which yield becomes constant as the point of maximum
fivation of energy attainable by a crop in the period
between planting and harvest. In this regard, he
concluded that, the spacing of individual plants of a
crop maore than any single factor determines the
resources available to each plant and whether or not the
tptal resources are fully utilized. Therefore, to
attain a high yield potential, it is not only adequate
ta plant at coptimum densities but also optimum inter and
Antra row spacings most be adopted.

The effect of narrow rows on yield have often been
euplained in terms of the enhanced clege canopy which

results and may intercept a larger percentage of the

incoeming solar radiation thereby reducing =pil
evaporation and increasing photosynthesis (Loomis and
Wiliiam=s, L1243; Williams and Joseph, 19743 Handal and
Sahu, 1977:Harsehem and Gill, 1987). Thus, though plant

densities have been shown to affect varicus aspect of
crop growth and vield., the pature and magnitude of this
effect are as varied and conflicting as the crops and

the regions (Ale=s=si and Fower, 128Z2).
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The planting rates of ginger among fTarmers vary

from one locality to the other depending on the methed

of cultivation adopted and the local conditiones;
ezpecially climate end environment (Fodeignes, L571y
Pauwloso,1%72). For instance st Zonkwa, in the Southern

Guineas Savanna Zane of Migeria .  ains (19737 who
planted ginger at intra row spacings of 15, 23 and 3ZOom

and at a constant row spacing of 43cm, found that fresh

ginger vields increased with decreased spacing. In
anpther experiment conducted in the Morthern Guinea
savanna ecolegical zone, Merte (LP87) investigated the

L3

effect of gpacing gingetr at intra row spacings of 10, 20
and 3Z0cm and at a contant inter—row spacing of 15cm  .He
found that the vegetative growth and vield aof the crop
were significantly influenced by spacing. Howswver, the
medium  spacing (20 x 15em} gawe the highest yield
(2R87.85kg / ha) of freeh ginger per upit area. In similar
experiments conducted at three Jocations in Nigeria,
namelyys Umudike in the rainforest region and Fubacha and
Kagarkoe districts of faduna State, in the southern
guinea savanna zone,tUrheer et al (19581 found that row
spacings wvarving from L0 to I0cm, had no significant
effect &n crop growth and vield at all the leocations.
However, the 10 to 15%cm intra row spacings vielded
better than wider spacings. In CGueensland, Aucirialia,

Whiley (1981: studied the effect of intra row spacings
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ranging from 11.2 to 22.4cm and a2t a constant inter row
spaizing of 20cm, on the agronomic perfprmance of ginger.
He reported vielde of 3.8, 25.3% and 44.&6 kg/plot at
11.2, 17.0 and ZZ.4ca intra row spacings respectively.
Moreover, close planting of ginger (L3 .2cm) improved
crop arowth and increazed rhizame yvield withowt having
deleterious effect on rhizome size.

2.2 Effect of sett size on bthe growth osnd yiseld of

CpArygEy .

LY

Sepd =size iz known to affect various azpect of

2]

crop growth and vield. However, information on the
effect of s=sett size on crop develepment and vield dis
conflicting. Bleszdale (1%79) indicated that {though
largser and heavier ceed smaples are more likely to  bhe
viable, they do not npecessarily give the highest
percentage field emergence. hiley (L%H1) reported  that
vigeld and rhizome cize of ginger, increacsed with
increasing sett weight., Similarly Llerleor st o al (1988) in
another study, found that the larger seed weight (Z0gm)
of ginger gave higher vield than the smaller (ligm)! sett
piece weight.

In hiz work on vam, Dnwuess (19FE) found that the
high food reserved material contained in large setis
results  in the production of large plants with greater

vine diameter, number of leaves per stand and leaf area

per stand (i.e more elaborate and vigaorous shoot
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structures) than small sett plantings. Theze stryuctures
formed, parrticularly the greater leaf area produced

in  turn resulted in the production of larger  tubers.
Similar findings have been reported for several crops
(Melaonn, P70y Irpdtand et al, 19725 Ieeitani st al,
1965y Bielinska - Zrmarveaka et oal, %81y El-taeey, 19885y
Muga, L1950},

Although, there is no available information on the
effect of planting whole rhizome sette of ginger, studies
in  wvam showed that cuttipng large tubers into setts for
planting resulted in certain problems . For  instance,
whernn  the tubers are cut, setts that are heads, middles
and bottoms avtomatically result. Even among the heads,
some will already have sprouts, while the rest  have
none. When all the setts are planted, the heads sprout
first, followed by the heades without sprouts and finally
the tails and middles will emerge. Hence, even though
the segtte may be homogeneodus 1n origin, they are
hetercgenrous in performance. UOn the field thise results
in plants bheing at varicus stages of  development and
thies could be disadvantagepus to the overall performance
of the crop (Onessoc:, 197821, In onions, Pt Jade Dt
{1l9E0) im a study over a two vear peried, reporited  that
hutlh vield, rate of sprouting and the number of leaves
which developed, increased az= the mother bullk =ize

ingcreased. He noted that though cutting motiher bulbks
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raised the rate of sprouting during the initial plant
growth period, it was generally detrimental to bulb
vield.

(O the whole, it has been indicated that after the
establishment o©of the crop plant, the response of the
plant would depend on the intensity of interplant
caompetition that sets in. If competition is low, the
initial advantage of the large and vigeorous plants
produced  from large setts could be maintained over a
longer pericd or even throughout the growing season.
Therefore, the vield differgnce between plants from
larger and small sette appear to arise from differences
in the length of the growing season rather than the rate
of dry matter accumulation (Ilrritani et al,1922). Thus,
the advantage of using large setts may diminish over
time and setts from large and small seed piece wieghts
may catch up and eventually attain similar yield levels

(Wood et at, 1977).

2.3 Interacticon of plant density, row spacing and
s ooy the growbhy and yield of ginger..
» : : : 1
Very lattle information is available on the

interaction of plant density, row spacing and sett size
cn the growth and yield of ginger. Whiley,{1981) and
irkwor et al (1988) reported that the conbination of
close spacing and large rhizome seed piece weight was
optimal for good rhizome yield. Similar studies on

- ey

onions by Ruseyv (1978) showed that yvield increased with
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increasing bulb weight and decreasing growing space.
Aleo  in ancther experiment wsing cloves of garlic
Bavmoedo and Beave 0290%) found that  vield increased
with increasing clove weight (1 to 8g) and increasing
plant density (33,0003 400,000y 8Z0,000 plants/ha)
However, the highest vield was cobtained using a clove
weight of 4.5 and plant deneity of 333,000 plants/ha.
2.8 Gimcer optal i by

The guality of ginger could be assessed by its=

physical attractiveness (i.e the posses=ion cof large,

firm, wniform, wnwrinkled “hand, races" eor rhizomes;
free from DRlemishes or mildews) andsor its chemical
composition. in this regard, the Jamaican ginger has

been rated among the best offered in international trade
and as such, dher gingeré are assessed by the standard
of the Jamaican ginger

The analyvtical standards of the Britieh
Fharmacopogia is azs followsg

Ash  (not more than &.0X)3 water soluble ash  {(not
lags than 1,7%): water seoluble extractive (neot less than
10.74Ys  alcohel (90%}; soluble emtract (net less  than
4.%%): while the United States standards are as follows:

Starch {not less than 42X)3; crude fibre (not more
than B8%): lime (not more than §X)3 cold water exiract
{not lezs than 12%}; total ash (net less than Z%).

In general, ginger for export must comply with the
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regulations of the importing country. Such regulations
may wvary, hut those of the United States of America  and
the United Kingdoms are probably the maost  typical  and
parharps  the mozt  imperbant (Fesfedioues, 19713 . The
guality of the Migerian ginger has been reported to meet
these standards in the world market where it compares

favourably well with thaose of other countries (Farnlhlknee

FETATYG B

f oplant censmity, o

cpaa b by oF grugar .

gary k) ]

In view of the paucity of literature on the effect
of density, row spacing and sett size on the quality of
ginger, findings on other horticulitural crops with
similar ogrowth habits and method of propagation have
been reviewad.

Frreers {1978) reported that bulb weight and growing
space had little effect on the seed guality of onions .

Onkether hand, Zbharekbine (1 found that onien bulbs

showed wide variations in morphological characteristics

i
-~
e
at plant densities ranging from 178 to 249 plants/sm .
However, plant density had no effect on onien flavour.
In garltic, Duimovic and Bravo (197%) reported  that  the
vields af exportable bulbas  (*5.1cm in giameter)
increased from 21 to 486% wilth increased clove weight.

Yield alse increased with decreasing spacing;  but the

number of exportable garlic bulbs decreased.
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Chapter I

el

e L

A study on ginger inzle Rozc.) was

carried out daring the 1989 rainy season at the
horticultural farm of the Institute for Ggriculturasl

Fesesarch, Ahmadye Bello tUniversity, Samaru, Zaria -~
~r (]

Migeria (11 10" N, 7 Z3° E. #85m above cea
level) in the nerthern guinea savanna ecological zone of
Migeria.

The total rainfall at Samaru during the 1989
season  was about 7S51.8mm.  This was capcenteated almost
entirely in the five months of May to September.
Details of the weather conditions including rainfall,
temperature, relative humidity ang sunshine hours  are

given in appendix 1.

AN e L mern

The treatments were made up  of the followings
Three plant populatipns (léh.bb6b6F 33,233 and DOG,000
plants/hal; three inter—-row spacings (10, 20 and Z0cmg

viz: the intra row spacings varied in esch inter—-row

gpacing to  achieve the required plant density)g and
three rhizome sett weight (7.5+ Za 13.8+2 and
2E.G+2gmy. The ginger wvariety "Tafin Giwa" whose

superiarity over other varietie=s has heen established in

recent reasarch woarks were used in this study
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(Anon. 19678 PMusa., L7863 Menta, 1987; Oewor et al,
19882).

The treatment combinatione totaled 27 (F x T 2 3).
These were laid out in a split plot design with plant
density and row spacing as the main plet treatments
while rhizome sett size was the sub plot treatment.
These were replicated four times.

The treatment combinations were as follows;g;

DIR1S1 D2R151 DER1G1
D1R1S2 DZ2R1S52 DAR1GZ
DIRLS3 DZR1S3 DIR18=
D1RZ251 D2R281 D3IR282
DIRZEZ D2RZ2SZ DIR282
D1RZS3 DERZEEZ IRZ283
DIRES1 DER3GL DIR3GL
DIRESZ DZR3BZ DIREEZ
DIR3ISE DZERZIE3 D3IR363

D=Flant density
F=Fow spacing
S=5ett =ize

Details of the exprimental layeout is shown in  appendix 3.

e

Flot size

i

z2
The pleot size measured 2.4x1.8m (4.32Zm ) with a

epacing of 0.é6m between plots and 1.0m between blocks.



1

ot

2
The total area of the experimental plot was 799.7m

S Cudtural prachices
3ad.1 angd pregcasabion aood planbiog
The land was ploughed cnce and harvrowed twice
with a tractor to give a good soil tilth (toe enhance the
formation of well shaped rhizome! races"” or”  handes's
after which plot beds mepasuring Z.4x1.8m were raised
wilth the aid of the hand hoe.

Whole mother rhizome "hande" of ginger were cut  in
the laboratory with the aid of a sharp cutting knife and
wiighed into the appropriate sett weights (7.5, 15.0 and
22.9gm) asz per treatment.

The setts were planted on the Z+rd and 4th of Jdulvy,

1989, in holes 5 - 10cm deep and covered with a laver of
=pil.,
Sa.Zd Ferdilicer anplication

Fhosghorous and Potaszium were applied as basal

dressing at the time of hed preparation, at the rates of
zZ 8 2

gikg F O Sha and S0kg K O0/ha respectively.

The fertilizer wsed were single SUper phogsphate
2 5
(18.0%F 0 ) for phosphorogse and mwyriate of
2

pabash (&O%K 0) for petessium. Mitrogen at  200kg
M/ha wa= applied in two equal =plit doses at &0 and 90
tave aftter planting. Calcium ammonidm nitrate (Z6%M)

was used as the source of nitrogen (Mosms, L19840).
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ZLALE Ml eting

The seed bed were mulched with grass and  leaves
immediately afrer planting the rhizome sstts. The mulceh
waz applied to about Som thicknese and soon after  the

crop bhad become established, the mulch was removed.

R P eperel . Frest andd Diessse oombeol

Emerging weeds were cantrolled manually from the
nlot at 8, 12 and 1é weeks after planting {(dilorukoaoba,
1987y, However, weedszs were additicnally controlled when
neccassary: by hand p ulling those weeds growing within
the plot beds and hoeing thome growing hetween plots.

ét the time of planting, cut rhizome =etts  were
treated with fanasan-D tao protect againzt fungi and
other soil borne disgase and insect attack.

A.4.

en

Brarwes L

The crap was harvested on the 4th December, 1989
(20 WAPY after the leaves had turned vellow, dried up
and lodged. The rhirzomes were dug eut by carefully
lifting the soil clumps in the net plot area (1.2x0.6m)
with the aid of a digging fork. The rhizomes were
cleaned, devpid of adhering soil particles and gathered
intn labelled poivihene bagzs aftter which they were taken
to the laboratary for furthér analysis.,

The net plot area incorporated the & centre rows
in  the 10cm row spacing; 5 centre rows in the Z0cm  row

spacing and the Z centre rows in the X0cm row spacing.
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.G Bate ool ilection
Xa0.1 Metooroloaioal datba

Date on the rainfall disgtribution, temperature,
relative humidity and =sunshing houwrs for the vear, 178%,
wWas attained from  the Institute  for Agricultural
Research IMetecrological Statiocon at Samara - Zaria.
Ietaile are presented in appendix 1.
.0l 2 Bopil asnaslveils

Soil  sampleszs from the edperimental location were
taken at (2—15cm) and (15-30cm} depths before the
commencenent of the study., The sampled soils were
ground intg  fTine particles and thoroughly @sixed  and

analyvsad for physico-chemical characteristices using the

standard proceedure as described by  ®Bilaok (A¥A0). The
rezwlts of this analveis is preszented in appendix 1.

The soil of the euperimental location is  classed
asn  laamy. It iz well drained . but characterized by a
lawe  F.H, low ocrganic carbzn,  low cation suchange
capacity (C.E.C), low nitrogen and high phosphorous.

gyl ot o

Tie assessaent of crop chamcter started at 10
wambkez after planting (WAF) with the percentage stand
count . Subseguentllv, ather growth para meters were
asmpesed at fortnightly intervals. fFfour plant samnples
per  plal were destructively sampled at random  cutside

the net plot area (L.2x0.6m). The sampled plants were
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carefully lifted off the soil surface with the aid of
the hand trowel; packed into labelled polythdne bags and
taken to the laboratory where they were carefully
removed and washed clean of adhering =il particles.
They were next seperated into their component parts
(viz rhizaomes, stems and leaves) using a sharp cutiting
knife and the following cbservatione taken:
(ii) MNumber of offshontz {(t1llersi/plant
The total number of offehoots were counted
from the four plants sampled per plot and
the average per plant calculated.
(1ii) Flant heiraht
The height of the main sheoots per plot
were measured from the sample using
ameasuring ruler. The height was taken from
the ground level to the tip of the agrowing
point and the average per plant Was
calculated.
(iv) MNMumbeys of leaves/plant
The total number of green leaves vere
counted from the sampled plants per plot and

the average per plant caculated.

(v) Leaves fresh angd dry weight/plant
The fresh green leaves were removed from the
csampled plants per plot and weighed in the

laboratory. The average per plant was then
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calculated. The leaves were then oven dried
o

at & temperature of 70 £ faor 48 hours. The

average dry weight per plant was then

caculated.,
Hleam fraal anog dey owmiobvihom b and
The gut fresh stems of the sample plants per
plot were weighed in the labearatary and the
avaerage per plant calculated. Theze were
then packed into a paper sampl ing bag and
oven dried at 2 temperature of ?GQC frae
48 hours. The average dry weight per plant
was then calculated,

Pl mme Trest aod Jdew o weaogh Aol and

Harvested ginger (fresh} rhizome weight of
the sampled plénta per plet were recorded  in
the laboratory. These were then packed inteo
a paper sampling bag and oven dried at =
temperature of ?DDC for 4% hours, And the

averags rhizome dry weight per plant was

calculated,

e (LA Smlant
The leaf area of five representative leaves

par treatment were determined by tracing them
on Sauare araph sheets and their
area calculated as described by Swans (P970),

After this, their fresh weighte was taken in
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the laboratory. They were then oven dried at
[
a temperature of 70 C for 48 hours. The leaf
area per plant was calculated using the
leat area - dry weight relationship.
(1%} Leat ares indes  (LAL)
The leaf area index (LAI) was calculated by
dividing the leaf area per plant by the ground
area cccupied by the individual plant.
{ %) Flant stand at harvest
The number of plants standing in the net plot
area at harvest was recorded. Thais was
expressed as a percentage.
{xi) Final vield (freshl)l/ha
The yield per unit area (net plot area) was
calculated after the fresh rhizemes had been
dug out and weighed in the laboratory. This
was recorded and subsequently converted to

vield in tons per hectare.

Swh  Ginger guality analvsis
In this study, the guality of ginger was
characterised by the il (elecresin} and ash content.
(#ii) 0il {(olegreszin! conhtent
The o©il content of the ginger rhizomes was
determined from the oven dried rhizome samples
per plot. The rhizomes were ground using a

pistil and mortar; after whcih a sample weight
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of 3 -~  bgm was taken per plot faor the ©il
content determination uv=zing a reflux  apparatus
to extract the il in 90% slcohol as  described

by &fhal, o L9550

The il content was calculated on a percentage
basi= wsing the formuela:

gample weigbht -~ =ample weight after il
extraction

Initial sample weight

st oonlent

The ash content was determined from the dried

rhizome samples per plot. The rhizomes were

ground using a pistil and martary aftiter which

a sample weight 1.2 - 2Z.d0gm per plot sample
was  taken for  the ash content determination
using a muffle furnace in which the zamples were
burnt te ashes accorging to  the standard

-

proceedure described by

tinabl. The ash
content waszs calculated on a percentage bhasis
uging the formularg

Waioht of Ash x 100

Weight of sample 1

The collected data was compileg, tabulated and

statistically. The main treatment effect of

density, row spacing and rhizome sett size  and
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their interactions were of major importance. In
analysis of variance, as described by GSnedecar
Cochran '+ 192%1, where the "F" test was significant,

means were compared using the LSD (Least significance

difference) test.

the
arid

the
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Chapter 4
FlEGLL TS
4.1 Muomibier of orfsnoobssolant

The pffect of plant density, row epacing and sett
size on the number of offzshoots per plant at 1o, 17, 14
and 146 weeksz after planting (WaF iz presented in
table 1. |

The number of effshoots per plant increased with
increasing plant density throughout the sampling period.
However, differences between densities were sgignificant
onty =t 12; 14 and 1l& WAF, At L2 WAF, +there was no
significant increase in the number of offshoots when the
papulation was increased from 144,486 2 to IIEERE
plants/ha. However, & further increase i1n population to
D00 ,.000 plante/ha increased the number of offzhoots per
plant sigmificantly. At 14 and 1& WAF, the number of
offeohpoots was significantly lower at lbé,666 plantsAha
comparaed with wither 3IT3,323 or 300,000 plants/ha.

Fow spacing had a significant infiloence onn the
mugnbier  of offshoots per plant at 14WAR only (Tabkle 1).
A row spacing of 20cm significantly  produced  higher
number of offshoots per plant than bheth 10 and Z0om  row
cepacings which did not statistically differ {from each
other.

Mumher of offshoots per plant WAD not
significantly affected by sett =ize. BHMeither was there

a significant interaction between the treatmentz on the
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Table 1 Effects of plant density, row spacing and
zett size on the number of offshoots)

plant of ginger in 198%,

Treatment Wegks after planting
10 iz2 14 14

Flant populstion(  fia)

1Hé, 6686 Ba 2 4.4 5.4 5.4

IAFLEFER 2.7 8.9 t.4 6.0

SO0, 000 8 Fowish 5.9 &£.8

LSD(S%) N.S B T = 37 Q.99 .07

Row spacing (om)

10 3.4 b7 5.8 &H.5

20 Zeh B3 7 i fal

20 3.7 b G0 5.7 Gu2

LSD(5%) | N.S N.S 0.99 N.S

Gett =i1ze (gm)

Fars | G0 &L b.7
15.0 . Dl o o &.3
AP Z.6 &H.2 G.3 5.8
LED(BXL) N.S5 N.G N.S MN.S

Interactions

RXD M.S MN.S MN.S M.S

RXS Nzs N.S N.S M.S

DXs M.S MN.S N.S N.S

RADXS N.S N.B N.S MN.G

N.S = Not Significant.
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number of offshoots per plant (Table 1).

4.2 Mumber of leaves/plant

Table 2 presents the effect of plant density, row
spacing and sett size on the number of leaves per plant
at 10, 12, 14 and 146 weeks after planting (WAF).

Flant density had a significant effect on the

Johiel,

number of leaves per plantfincreased with increasing
plant denseity. At 14 and 14 UWAF, the number of leaves
at 1lbbd,.b6b plante/ha was significantly lower than the
number of leaves at the two higher dencsities. However,
at 12 and 1& WAP, leaf number per plant at 500,000
plants/ha was significantly higher than at 146,666 and
IREL33E plantesha which were statistically at par.

Fow spacing had a sigificant effect on the number
of leaves per plant at 14WAF only (Table 21 plante
spaced 2Z0cm apart significantly produced higher number
af leaves per plant than thase spaced 10 and Z0cm apart
which did not statistically differ from each other.

Sett size had no influesce on the number of leaves
per plant throughout the sampling period.

Mone of the interactions was significant on  the

number of leaves per plant (Table Z)}.
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Table 2 Effects of plant density . row epacing and
2ttt =i1ze on Lthe number of leaves/plant

of ginger in 1989,

Treatment Weeks after planting
10 12 14 14

Flant poplutaticon(/ha)

144,646 17 .3 4.6 48.7 48.3
fi. 95 PR S 4 2Y.7 44 .4 n8.8 56.9
500,000 237 57.8 .o S § 6&.5
LED{(3%4) 3.81 A7 LHo12 8.9%
Flow spacing (cm)

10 20,2 Bl.1 N ) 98,3

20 20.3 42.8 &4 .4 88,58

20 22.3 43,1 0I.B 54 .9

LSD{5%) nN.S M.S 6.12 BLS
Gett siz=t1am)

78 2.0 46,1 05.4 &0 .8
150 20.80 44,1 b e A 54 .4
B2 D 2L.2 446.8 61.4 54,3

LED(5X) M.S MN.S MN.S N.S
Interactions

XD NS M.S M5 M.5

RXS -8 M.E N.S M.S

DXS M.S M.S M.S M.S

RADXS N.S MN.S N.S N.S

N.S= Not Signific



Takhle 3 shows the effect of plant density, row
=nacing  and sett gize on plant height at 14, 12 14 and
14 weeks after planting (WAR).

Flant density had a significant influence on plant
height fthroughout the period, Flant height increased
with increasing plant density.

Fow spacing had no signifecant effect on the height
of the plants,

Sett size significantly influenced plant height at
14 and 14 WHAF. The general trend showed that the

largest sett weight {(22.%5gm) produced taller plants than

r+

the other two smaller sett weights., The difference in
the height of plants pgrodaced from the 7.3 and  15.0gm
gett weights waz not significant.

Thiere was Ao significant interaction of the

treatments on plant ght (Tabhle Z) .

ey wedghtSplant
The effects of plant density, row spacing and zett
size on the stem dry weight pef plant at 10, tZ, 14 and
14 weeks atter planting (WAF) is prezented on table 4.
Stem dry weight per plant inoreased with
increasing plant density throughout the sampling period.

Fow  spacing and =ett size had no significant

effect on =tem dry weight per plant (Table 43}.
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il
heioht(ocm?

sSQaCing

piant

om
1985,

Treatment Weeks after planting

10 1z 14 1éa
plant population(/hs)
166,666 19.7 22.4 2&.1 P
I35 ,3EFE 25.9 2P T o 30.7
800, 000 28.4 4.7 8.9 35.4
LSD(3%) 2:895 b 5 2529 Z2.94
Fow spacingom)
10 29.3 29.1 2% 290
20 “4 .4 Z7 % 31.5 31.7
20 24 .3 29.95 1.3 E0,7

LED(5%)

LED(5%)

Interactions

RXD
FX8
DXS
RXDXS

24.7 28.3 I0.0 296
24.4 28.0 2945 28.8
24.9 20.2 2.7 33.0
N.S N.S 2.39 2.62

M.S M.S N.S M.S
MN.S M-S N.S N.S
N.S N.5 N.S N.8
N.S MN.S N.S N.S

M.58 = Net Saigniticant
BM.8 = piot Significant
1.5 = Nobt Significent
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Table 4 Effect of pleant density, row sgpacing and
mrze on the =tem dry weiaht (om) /

plant of ginger in 1987,

Treatment Weeks after planting

lant populatpion{/haj

1bb,.bb6 0.9 1.3 2ak 2.4
333,353 1.5 2.4 2.9 3.1
200,000 1.8 3.8 4.2 4.1
LSD(5%) D.26 0.64 0.47 O.66

Fow spacaing!lom}

10 1:58 3.0 2i9 3.4
20 1.4 Paid 3.4 o G,
30 1.4 2.4 2% 29
LEBD(BL) M.5 M.5 M.S M.B
Dett sizel(gm)

Tal 1.4 25 27 Jowd
15.0 LG Pl 2.8 Sl
2248 1.4 2.8 3.4 Z.4
LBDH B N.S M.5 N«.S N.S
Interactions

RYD N.S M.S N.S MN.S
RXS N.S MN.S B8 N.S
DXs N.S N.S N.S M.S
RXDXS N.B N.S [ N.S
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Mone of the interactions of the treatments was
significant on stem dry weight per plant (Table 4}.

4.5 Hhirome dry weightsplant

Table 5 presents the effect of plant density, row
spacing and sett =size on rhizome dry weight per plant at
10, 12, 14 and 146 weeks after planting (WAP).

The influence of plant density on rhizome dry
weight per plant was significant throughout the perieod.
Generally, rhizome dry weight increased with iIncreasing
plant density.

Fhizome dry weight was significantly influenced by
row spacing at 12 WAF only. The rhizome dry weight
cbtained at 10cm, was significantly higher than that
recorded at ZOcm but was statistically at par with the
dry weight at J0cm row spacing.

Sett size similarly bad a significant effect on
rhizome dry weight per plant at 12 WAFP only. The
largest sett weight (2Z2Z.5gm} produced significanlty
higher rhizome dry weights than the 15.0gm setts; but
the difference in rhizome weight between the 2Z2.3 and
7.9gm =ett weights was not significant.

The interaction between the treatments on rhizeome
dry weight was not significant (Table 5).

4.6 Leat drey weight/plant
Table & presents the effect of plant density, row

spacing and sett size on the leaf dry weight per plant
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gansrty . Fow Spacling
on rhizome dry werloaht
ganaer anp 198y,

Treatment Weeks after planting
10 1z 14 16

FPlant populstiend/ha)l
166,666 1.0 1,3 Bpip Dad
333,333 1.6 2.7 S.1 4.8
SO0, 000 i L 4.4 Fub Z G
LSD(8%) Q.24 0,463 1.046 1.43
Fow spacing
10 1.6 pec 4.7 S.d
20 1.3 2.3 5.8 5.4
S0 1.4 2.5 s W 5.0
LSD(8%) N.8 Q63 N.S N.S
Sett =izeigm)

Tia'Eh 1.5 249 2.2 4.9
1 G0 i R 2.4 4.9 4,7
22,5 1=8 Dad PR i P
LED(E%) 8.5 .54 N.S N.S
Interactions
RXD MN.S M.S N.8 N.S
RXS N.S N.S N.S N.S
DXS N.S8 M.S N.8 M.S
RADXS N.S N.S N.S N.8




Table & Effect of plant density. roW spacing and
cott size an leaft (i S 20 uexghtiqm;tplent o F
ginger in 1287 .
Treatment Weeks after planting
10 1z 14 14
Flant papulationt/na)
1bb 666 1.4 L 2.0 T2
.0 T T ) Pal 3.1 4.1 4.1
500 , 000 2.9 4.5 9.9 Had
LSD(S5%) .34 Q.80 0.b64 0.85
Blow spacing (Em)
10 ek 2.6 4.1 4.6
20 2.0 2.7 4.8 4.4
30 1.% 3.0 4,2 4.0
LSD(5%) MN.S M.5 M.B M.5
Sett sizwlam}

7.2 2l 3.1 4.2 4.2
15.0 3.9 2.8 4.0 4.1
2248 Z.9 b 4.9 4.6
LSD(5%) M.8 N.S M.S M.S
Trtey Focts ol T
RXD N.S N.S N.S MN.S
RXS M.S M.S M.S M.S
DXS MN.S N.B5 MN.S M.S
RXDXS N.S M.S MN.S N.S

Not Significant.
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at 10, 12, 14 and 1é6 weeks after planting (WaF),
Flant density had a significant influence on leaft
dry weight per plant throughout the periaod. Leaf dry
wieight increased with ingreasing plant density.

Fowr spacing and sett siz

i

did not significantly
influence leaft dry weight throughout the perind.
There was ne significant interaction of the

treatments on laaf dry weight per plant {(Table &}.

Flant density had a =zignificant effect on the leaf
area per plant throvghout the sampling period {Table 7).
There were significant increases in the leaf area with
ingreazing plant density eucept at 148 weeks after
planting ({(WAF) when the leaf area st 164,646 plantssha
did not differ statistically frem +that at 333,333
plant=/ha.

FRow spacimg and sett =2=ize had no significant
effect on the lzad area per plant.

There was alsa ne significent interaction of the

treatments on leaf area per plant {Table 7).

4.9 Lowwgaf Aryrie
Table & shows the 2ffect of plant density, row
spacing and =sett =zize on the leaf area index (LAIY} at

i0, 17, 14 and 1& weeks after planting (WAF:Y.
Flant density had a significant influence on  leaf

area index throughout the periocd of sampling. Leaf area
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Table 7 Eifect of plent densily.
and gttt =Lz OGN

plant of ginger in L7EY .

Treatment Weeks after

10 12

Flant P

166,666

- =T
IF3F, 233

50@,@9&

LSD(B%)

o sRa

10
Z0
S0
LED(5%)

Sett =21
25

i5.@
Z2.B

LSD(2%)

Interac

RXD
RXS
DX&

it At o S ha )

ringucm)

=e{gm)

Cons

149.8
248.73
07 .0

42.41

Z250.4
240 ,0

234.7

N.5

Jaid B
i b -0

kIR P2

z
(51}

&l

Z245.1
448.4
bL7 .8

114,36

5 P
ag0.8
447 .0

461.8
A0b6.7
49Z.8

Qlanting
14 16
414.8 A5t ok
8570 .5 867.7
g13.6 783.5
ga.18 117.84
558.5 AR4 .2
LLZ .0 H15.8
578.0 552.4
N.S N.5
583.8 588.1
547 .3 547 .3
LHBT7 .9 &446.9
MN.S M.S
WzB N.S
N.B N.S
N.S NS
N.S N.S
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index increased with increasing plant density.

Row spacing similarly influenced leaf area indes
throughout the pericd. Leaf area index increased with
increasing row spacing. Sett size did not significantly
influence leaf area index.

There was no siagnificant interaction of the
treatments on leaf area index (Table 7).

4.9 Fhizome yvield

FRhizeome vield increased linearly and significantly
with increasing plant population up to 500,000 plants/ha
(Table F).

Fhizome vield alsc increased with increasing row
spacing. However., only the yield at Z20cm row spacing
was significantly superior to thatat either 10 or 20cm.

Sett size did not have a signhificant influence on
vield though, the largest rhizome weight (22.5gm}
produced higher rhizome yvield than other semaller sett
sizes.

The plant density X sett size and row spacing X
sett size interactions were =significant (Table 2).

Table 10 presents the interaction between plant
density and sett size on yield. At plant populations of
144,648 and 333,333% plants/ha, =sett size had no
significant influence on yield. However, at a plant
population of 500,000 plants/ha, the yield recorded with

a 7.%gm sett weight was significantly higher than the
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Table 8 Effect of plant density s row spacing and

sttt =Size On laatT Aayes inges of ginder

yry 1Y
Treatment veeks after planting
10 12 14 16

Flant ﬁwpulatlmﬁk‘hal
1bb bbb Q.6 0.8 i-4 1.4
IIRLIIZ 0.8 g 2.0 3.9
500 , 000 1.9 2.1 2.7 2.6
LSD (5%} e X2 0,40 Q.30 0,45
Fraw epacinglomd
i0 0.4 0.9 .9 1.1
Z0 0.8 22 Pak
30 B a2 Ba? 28
LSD(S%) .12 0 .40 0.3b6 .49
ettt sizetgm)

. 0.8 1.6 ¥ .2 L . |
15.0 0.8 (| 1.9 P
2R.B 0.8 1.6 2.2 s
LBD(S%) MN.G N.S N.S N.S
interactions
RXD N.S M.E .5 M.S
RXS M.5 N.S N.S N.5
DXES N.S - B M.S a5
RXDXS M.8 N.S MN.S MN.S

MN.8 =Not gignificant.
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yield obtained with either 15.0 or 22.00m sett weighte.
The interaction between row  spacing  and plant
density on yield 1is precented in table 1i. At 1dcm row
spacing, vield was significantly higher at l&fd,.b86

plantesha  compared with the vield at eithee 333,333 or

Fa

Q00,000 plantassha which were statistically at par. At
Z20cm o spacing, plant density had no significant
influence on vield. Howewver, at Idcm, a significantly
higher vield was obtained at BDDFdQQ plantssha compared
with either vields at 164,444 oy 235,337 plante/ha which
dig not differ statigtically,
A,10 Covrvesdah 4o

Table 14 szhows the matrix of coefficients of
carrelations hetween all the vield compenents and
rhizome vield. Leaf area index (LAIY was cheeprved to be
positively and =significently correlated with rhizome
vield (r=,473%}). Otheyr vield compoanernts were
positively correlated with yield, but the relationships
were not significant. Rhizome dry weight which 1is an
indery of rhizome vield wes, however, positively and
significantly correlated Aith stem diy wizight
(r=0.897%%% ), plant height (r=0.7832%41}, pumber of leaves

(r=007%%), and number of offshoots (r=374%%}.

1.11 Porcentane il (olecsresint and mehy coptent

Tahle 12 prezents the effect of plant density, row

spacing and szett size on the guality, characterised by

4o
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Table @ Effect of pland density. row spacing and
=ttt 2ize on the viel (ts/ha) of ginger
et ZOWAF 1n 1989,

Treatment Fresh yvield (t/ha)

Flant populationdit/ hal

1bb6,6646 D

I3 320 6.5

S00 , 000 F.0

LED (5% 1.95

Flow spacinagiom)

10 4.9

20 5.4°

30 g.8

LSD(B%) 1.95

Satt sizelamn}

LSD(5%)

Interactions

o~ on o
o~ o

Xk
M.S
¥
N.S

RXD

RXS

DXS

RXDXS

N.S5 = Not Significant.

L& = GQignificant at 0.01% level

aof probability
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Table 10 The interaction of plant density and
gett zize on the vield (t/hat of ainger
in 198%.

(gm) 166,666 333,333 500, 000

75 2.9 5.1 11.4

15.0 2.6 7.7 7.3

22.5 4.4 6.7 B2
2.58

LED({5%)
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Table b 1§ The interaction of row spacing  and
plant density on vigld (t/har of ginger

in 19@9,

Flant population Fow spacing (cm)

(/ha) 10 20 Z0

1bb 666 7.6 4.0 7.8

I3E,, 333 F.0 6.8 7.8
200, 000 2.9 5.4 10.9

LED (D%} 2.98
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the oil and ash content of ginger.
Flant density had a significant influence on the

ail content of ginger only. The il content increased

A

with increased plant population from 1&b6,646 to 333,351
plants/ha. A further increase in plant population to
SO0 ,000 plants/ha resulted in a significant decrease in
the cil content.

Fow spacing had no significant influence on both
the pil and ash content of ginger.

Sett size had no significant influence on ash
content but the o0il content decreased with increasing
sett =ize; the difference between the oil content at 7.5
and 22.5gm sett weights being significant.

Table 13 presents the interaction between row
spacing and sett size on the ash content of ginger. At
10cm, increasing sett size from 7.5 to 15.0gm did not
affect ash content while a further increase in sett size
to 22.5gm significantly increased the ash content. At
20cm, increasing sett size from 7.5 to 15.0gm similarly
did pot influence the ash content:y but a Further
increase in sett size to 22.5gm significantly decreased
the ash content. GSett size had no significant effect on

the ash content at Z0cm row spacing.
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Table 12 Effect of plant density. row spacing
anct =ett gize on the percentage oil
and  azh content of ginger
gt ZOWAF in 198%.
Treatment Ash content 0il content
(%) (%)
Flant peopulation(/ha)
1Lbb6, 666 5.0 9.9
I35 ,333 9.7 7.1
SO0, OO0 4.4 2.8
LSD(%) M.S 1.07
Flow spacang(cm)
10 B [T §
20 4.7 6.4
30 4.7 LTS
LED (%) N.S N.S
Sett sizeligm)
7.8 8.0 b9
15.0 8.2 BB
22458 2.0 Dab
LED{%A) M8 1.01
Interactions
RXD N.S N.S
BXE8 ¥k M.S
DXS MN.S N.S
REDXS N.8 N.S
N.S = Not Significant.

¥ % = Bignificant at 0.01%

level of probability.



Table 13 feh content of ginger at Z0 WAF asz
influenced by row spacing and sett
size interactions in L98%

Sett size Row  spacing ( cmj
(gm) 10 20 g3s)
Tad 4.6 8.0 8.3
15.0 5.0 6.2 3.9
22.9 7.4 2«0 4.5
161

LSD(%)
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Table ldy Dorrelztionir) between rhizose{freszn} vield of ginger
#nd other orouth ropponente, '
Yariables | 2 3 L] 3 & 7 8 g

1 Rhizome yield{fresh) I

2 Nusber of offchoots 0,147 1

3 Number of leaves 0,213 0,76201 |
4 Flant height 0,367 0.3%7 0.3121% 1
3 Btem dry weight 0,368 0,b392F 0,70BEY O,B1A4E |}

&  Rhizome dry weight 0,349 0,5744%  0,3874F O.7R3IN 4,89341 |

7 Leaf dry weight 0.372 0.66B81 0,7808% O,7BREE 0.9704% 08991 |
B Leaf area 0,372 0,46780 0,7398F D,7R89%) 0,9704%  0.%00%% 0.9994F |
9  Leaf area index 0,475 049308 0,5324%  0,40180 0.71441 0,70414 0,738 0,741 1

10 Plant stand at harvest 0,229 0,143  0.224 04688 0.437% 04190 0.807%  0.409F 0176 )

Y = Gignificant at  6.05% level of probability,

i1 = Significant at  0,01% leyel of probability,
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= | Ceneral

Among the various growth factor, climate plays a
strong modifying role on the growth and productivity of
field and vegetable crop plants. Ginger is well adapted
to the agro ecological conditions of the scuthern guinea
savanna, where its productivity is directly dependent on
the length of the growing season, and the amount and
distribution of rainfall. In the present study, ginger
was planted on the 3JIrd July and harvested on 4th
December, 1989%: but the rain ceased on 146th October,
198%7. Thus the active growing season was about 154 days
including the last 48 days during which no rainfall was
recorded. Thie is considerably less  than the ideal
growing period of 180 — 240 days. Even though, the
seasonal rainfall was well distributed, it was about E34
lower than the normal rainfall required for ginger
production {(Anhon.. L987). As such, the average yield in

this experiment (3.3 — 2.0 t/ha) may be said to be low

compared with the 20 — 30 t/ha reported under ideal
condition elsewhere (Furseolove, L972). Moreover, the
soil af the experimental location was loamy ,

-

characterised by a low PH 2.9 value, low nitrogen and
low organic carbon content. These, coupled with the
high day temperatures recorded during the period,

inadequate precipitation and mulching; lack of organic

-



44
matter application coupled with incidences of termite
attack, fungal and disease infestation of setts,
probably contributed in adversely affecting the overall
field performance of the crop. As such, the vyield
levels recorded in this experiment are representive of
the northern guinea savanna agro ecological conditions

of Nigeria.

9.2 Flant density

Ginger rhizome vield responded positively and
significantly to increasing population levels. The
medium population (333,333 plants/ha) outvielded the
16b.666 plants/ha by about 49%4 while yield at GO0 ,000
plants/ha was &63% higher than that at 164,666 plants/ha.
Thus it appears that ginger vyvield can be further
increased by increasing plant population bevond the
Q00,000 plantse/ha tried in this study:; provided other
conditions especially moistuwre, soil and management
practices are conducive.

The favourable response of ginger to high density
was manifested in a number of yield contributing
characters npamely. the number of offshoots. number of
leaves, stem dry weight, rhizome dry weight, leaft dry
weight, leaf area and leaf area index. of mos=t
csignificance however, was the observed increase in the
number of shoots with increasing plant density. The

importance of the number of offshoots as a major
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contributor to the photosynthetic activity of crop
plants had been emphasized (ietio-ksaoho and  Gardner,
19883 . In the present study, the number of shoots was
positively and significantly correlated with the number
of leaves (r = 0.762¥%%), stem dry weight (r = Q.&39%%),
rhizome dry weight(r = 0.647%%), and leaf area index (r
= 0.,495%%). The production of more shoots under such
high population pressure could probably be associated
with genetic or physioleogical factors. Further research
works should therefore take into accpount the effectse of
these factors on the response of ginger to plant
density.

The leaf area index (LAI) increacsed linearly and
significatly from & low value of 1.4 at plant
populations of 1&66,46656 plants/ha to a mawimum of 2.6
with 500,000 plants/ha. It is noteworthy that LAl  was
positively and significantly correlated with rhizome
vield (r =0.475%). 1t has been established that for
most crops., the optimum LAI for maximum yield is in  the
range 3.0 = 8.0 (Brougham; 1240 Buttery . 1955
Eddowss, ,1948%3; Emvil, 19738 Wall and kangmasu, LS90Y 4
When the values of LAl are below the optimum for full

utilization of incoming light energy, maximum growth

cannot be achieved (Mandel and Sabu, 19973 Marshem and
(o T (967). In this regard, for most crops total dry

matter production and vield per unit area has been found
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to be related to plant density (Williams and Jdozeph.
L37éan Watung L3375 Chiszey VGET . l.amideo, 1990,
Similarly, vield in ginger has been reported to have
been increased with increasing plant density (Whilsy,
1781y Menta, 1787: Orkwor et a2l, 1988).

Linear increases in yields with increasing plant
population were reported for ginger (Ouinn, L57%)  and
soyabean (Woods, 1974). biooel=s (1974 observed that even
if there was shading of leaves at high densities, dry
matter production was not adversely affected. This

means that the lower leaves were not parasitic on  the

plants and therefore high population presssures might be

reguired to achieve optimum vields (Shible= =nd  Maeber,
1260).,
D.3 Inter—irow spacing

Fhizome vyield per hectare at Z0cm was higher than
the vields at 10 and Z0cm row spacings by 474 and 39%
respectively. The higher vield recorded at Z0cm could

by attributed +to the relatively high LAl recorded at

Z0em row spacing throughout the period. The
significant contribution of the leaf area index — LAI
(r =0.475%%) &= supported by the index of correlation

ensured adeguate coverage of the sepil surface resulting
in efficient interception of the incoming sunlight for
dry matter production. It is significant that during

the period, values of leaf area index—LAl (above 1) were
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attained earlier at Z0cm row spacing compared with the
other row spacings (10 and 20ecm). It is known that the
low efficiency of th=2 overall utilization of incoming
splar radiation by crop plants resulted in part from the
long periocd between planting and the attainment of
optimum 1Al and thus much of the light fall on bare
epil =surface. Therefore when values of LAI are below
the optimum for full vtilization of incoming light
energy, maximum arcowth cannot be achieved. Thus factors
such as plant spacing by influencing the LAI affect
considerably, the course of dry matter production and
yvield.

The observed response of ginger to row  spacing
could be attributed to ite morpholoys:; and of probable
importance is its canopy architecture, leaf =hape and
size. The ginger plant i= characterised by narrow,
smooth, pinnate and atternately arranged leaves on

both sides of the stem. The leaves are displayed at

near horizontal levels (Fodraioues, 12713 Furzeaglove,
1972 Gnon, ., 177, Thus the most suitable arrangement
favauring & larger display of the photosynthetic

surfaces to incoming radiation will enhance higher
photosynthetic productivity. Since mature ginger leaves
measure about 158 - 35 cm or more in lenagth,
(Reodrious- 19711, wider plant spacings could favour
better display of leaves to incoming solar radiation and

therefore enhance crop productivity.
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Most of the reported work on ginger maintained
constant ipnter—row =spacing while varyving the intra row
spacings only  (fwinn L9758 Whiley, 1581 Henta, L1987:
DO kwicr et o=l, L), However, from the results of the
present study, it seems that the inter—row spacing is an
important determinant of ginger vield. Further work is
therefore needed on ascertaining the response of ginger
to increasing inter—row spacings and the optimum row

spacing under the condition of the northern guinea

savanna ecological zone.

S.4 EBhirome sghti e

Only & small and insignifcant increase in rhizome
yield (final) was recorded using the largest sett weight
(22.5%am).

It is =significant to note that though the exact
growth pattern of the crop at the earlier stages of
growth cannot be ascertained since plant sampling began
at 12 WAF: generally the growth of the plant produced
from the largest setts was more vigorous than those from
the smaller setits; especially at the period preceeding
harveset as shown by the increased plant height.

In bulbs, root and tuber crop=s, the advantage of
using larger setts =size for bhetter plant growth and
vield have been established (lieolson, L9702 Lzritani et
al o, 1977 (Inwueme, 97R: Eleasdale, VP73 El-Emeary,

19858 huss, 1590). However, ginaer 1= a long duration,



small rhizome crop. Flanting setts of ginger are
abtained from "mother" sett cuttinge only. Work on  the

effect of planting cutlings from whole “mother” bulbs of

onions has shown that generzlly, this conld be
detrimental to bulb vield (Ggdawi - T, This
may in part explain why rhizome ettt gize had no effect
on  rhizome vield in the pre=ent =study, Thus  fubure

research efforts should lack into the =ffect of planting

whole rhizome setts and cuttings.
On the whole, the vield advantage of u=ing larger

rhizome sett weight= of gingsyr did not  justify  the

expenses  incurred in planting large settos. Thig iz
mimilar with the findings of iy L in

Ousensland, paustraliasa and Orboee eb 21 (19880 in the
sotirthern guines savanna 2nd rainforezt  rones of
Nigeria. Thus, the =ett size of ginger may not bhe a

major determinant of fipal vield.

e Interactions
The row spacing X plant density interaction on
final vield showed thet at 10cm row spacing, the highest

vield was obtained at a leow npopulation of 146,466

plants/ha; whereas, =2t F0cm row spacing the maximum yield

Was recorded wsing & high population of BO0, Q00
plants/ha (i.e 6.7 x 20 cm}. 1t is worthy to note  that

the vield at 30cm row spacing and 300,000 nlants/ha  was
significantly higher +fthan that recorded at  1Ocm  row
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spacing and 1lbéb.b646 plante/s/he. This ise  indicative of
the fact that the vield of ginger (a crop characterised
by shart wvertical growths and horizontal spreads) could
be increased by increasing the number of plants per unit
area. This could be achieved by further decreacsing the
intra row spacings while mainteining an appraopriate
inter row spacing (30cm) as shown in  the study .
Moreover, the yield of ginger was significantly higher
at 500,000 plants/ha using the smallest rhizome sett
weights (7.5gm} as shown by the density X =sett size
interaction. This supports the suggesticon that yield
could be significantly increased by planting at G00,000
plantse/ha and at Z0cm row spacings. In order to attain
this high density, there must he availability of space
for setts. This i= made possible by using small rhizome

sette (7.8om).

n

The interaction between row spacing and sett size
on the ash content of ginger showed that at 10cm row
epacing, ash content decreased with decreasing sett
size, while at Z0cm, ash content decreased with
increasing sett weight, [t i= important to note that at
10cm, the ash centent obtained with the largest sett
(22.5gm) was significantly higher than the ash content
at 30cm with the smalle=st sett (7.5%gm):; which was within
the range acceptable by international quality =standards

(Hodrigusz., 1971), This again =supports the fact that
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both vield as well a=z a good quality crop of ginger
could be obtained by planting at wider row spacings
{Z0cm) and using the smallest (7.53gm) rhizome sett

weights.

D.d Ganger gual iy

Flanting ginger at the medium plant population
{I33:333F plants/sha) incireased the oil content while an
increase in peopulation ito QO0,000 plants/bha reduced  the
total ash content. This shows that planting gingesr at
plant populations of 335,333 to  G40,000 plant=ssha
improved guality. Morsover, at Z0cm row Spacing, lower
ash content and high il contents were obltained;: while
the =smallezt rhizome =setts similarly recordeg lpw ash
values and high oil contents., Thizs shows that planting
ginger at  high populations of 333,333 to QG0 , D00
plants/ha apd at the wide=st row zpacing of Z0cm, wusing

-

the smalleszt rhizome =ett yeight (7.5%am) improved both

vield and guality. Jorgehdim areh Mherds
earlier ohserved and reported that if ginéer curring is
the objective of production, then planting Small =setts
wionld be better than planting large sette,

In general, minger varigty "Tafin Eiwa"
chatracteriesd in the present study by its oil and ash

contents, met the internaticonal standards of

The results further agres with fFeolbner aod

(1L933Y that the geality of the Migeriasn gingeyr compares
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favourably well with those of other countries in the
world market or in international trade. However, more
work on this and other aspects of the gquality
charactericstice of the HMigerian ginger are still needed.
97 Carrelation

Rhizome vyield was positively correlated with all
vield contributing components considered in thi=s study.
Though the correlations were not significant except for
LAI, they nonetheless are indicative of the fact that
the rapid establishment and growth of the crop socoon
after germination is important to dry matter production.
Watson (1971} had pointed out in this regard that
although economic yield is correlated with total dry
matter yield, it does not neccessarily continue to
increase proportionately with increase in total dry
wieght. What happens could depend on the source - =ink
relationships.

Leaf area index (LAl} was positively and

significantly correlated with rhizome vyvield (r
0.475%). A such LAI could be said to have been the
major critical determinant of the rate of dry matter
production and final yield.

Essentially. the wvarious growth processes that
proceed eimultanecusly in the crop plant, as observed in
the present study, are not independent of one another,
but are closely linked or inter related with one anolther

(Wareing and Phallips, 1777).
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Ginger wvariegty "Tafin Giwa" was planted at three

plant populations  (léh, bbby TIEI.5335% and S0, D00
plants/ha)l: threse inter - row spacings (19, 20 and
Ioem)y  and  three sett piece weightes (7.3, 15,0 and

22.%am). The design was a split plot with density and
rew spacing in the main plot while sett size waz the =ub
plot treatment.

All aspects of crep arowth  and development
cansidered in this study were significantly influenced
by increasing plant density. Yield increased linearly
with increasing density up to the highest (304,000
plants/ha) tested in this experiment.

Fow spacing significantly influenced the number of
offehnotse and number af leaves at 14 WAF and rhizome dry

weight at 1Z WAPF. Better crop growth was aheserved at

20cm  compared with the 10 and  S0om row SPaCcing.
Howewver, rhizome dry  weight was not conztstently
affected by row spacing. Leaf area index (LAI)  and

rhizome vield (8.8t/ha) were significantly higher at the
viidest row spacing (30cm) compared with that at 10 and
20cm. The interactiun betwesn row spacing and plant
density s=howed that significantly higher vyields were
abtained a2t a syow =pacing of IOcm and  at  BOO 000
plantssha {i.e &.7 » 3I0cm} compared with that &t I3 m

ancd 500,000 plants/sha.
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Though, the effect of zett size was inconsistent,

better crop growth and vield were abtaingd with the

1t

largest rhiizome sette (ZZ.5%am}. However, the

2
¥

differences in final vield were small and inaigniﬁbant.

The ettt =ir

13

%X density interaction showed that vield

could he significantly incressed by using the csmallest

setts {(7.5gm} at the highest population { D00, 000
plants/hal. Therefore based on the findinges af the

present study, it is better to use s=maller planting
=ettzg at high plant densitie= to enhsnce yvield.

The rezults also suggests that a good vield and
quality crop of ginger (variety "Tafin Giwa"”) could be
ebtained using small setts (7.52gm) and high populations
({333,333 to 200,000 plants/ha) wvnder the conditions of

the porthern guinea savanna agro-ecological zone of

Migeria.
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Cyprgecsnnel oo (. Pk ot e et e

Month Total Mean temperature HRelative humidity Sunshine

rainfall (DC} (%) {hours)
{mm) ma. min. a.m Pem
Jan. 0.0 24.5 128 23:6 17.7 190.1
Feb. 0.0 2Fa? 14,2 1743 14.9 .2
Mar. 0.0 3.9 17.2 190 12.4 8.7
Apr. 13.0 35.9 9.9 37 .0 20,0 2.2
May 112.0 23.1 2.8 &l1.7 4.8 Tad
June 24 .4 30.4 20.0 Zax1 a8.0 T
July 189.7 29.4 194 8.8 G3.0 6.9
Aug . 142,58 28.0 19.3 81.7 8 P 5.8
Sept L18.3 298 122 78.4 Gbb..9 b4
Bt S2.% J0.b6 16.6 229 4353.0 8.4
Nov. Q.0 3t.1 12.8 1I2.3 8.5 DB
Dec. 0.0 286 129 IS .3 17.4 8.0

Source: Meteorclogical Unit,
Institute for Agricultural FResearch.

Samaru. Zaria — Nigeria.
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Appendix 2. Phiveico-chemical proverties of the soil
of the experimental t ke in [t

Boil property Soil Seckidenl
0O - 18 153 -« 30

M o1:zs

- HWater 4, B0 4,40

-  D.01lm cacl 3.90 .90

Organic {:arbmgi'}’.) 0,60 Q.38

C.E.C. {(Meg/100ag soil) Z.80 4 .40

Available phos=phorous (FFm) 3I5.84 12.00

Total Nitrocgen (%) .08 0,04

Exchangeable base=s (Neq/100g soil)

Ca 1.09 1.32
Ma 0,40 0.43
¥ 0.33 0.19
Na 0,11 0.12
H + Al 0,10 Q.30

Fhyseical classsification

Clay (%) 16 22
Silt (%) 42 8
Sand (%) 42 40

Textural clazs Loamy Laomy .
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Appendix 3 SPLIT_PLOT DESIGN
FIELD LAYQUT.

D1 R2

R3 D2R1 DRI D1 R2 D2 RZ D3 R2 R2ZRI 2 R DULR3 1 Rl Rl T_
sl 52 S3 s1 S2 sl s3 S2 53 S3 s2 s2 2.4M
s3 sl ] 52 3| s3 S1 st 52 st 53 53
L
- 0.6}
s2 s3 || s3 s3 s3 s2 52 53 st 52 51 51
DI Rl D3 RZ D2 R3 Dl R3 D3 Rl D3 N3 D2R2 DI Rl D3R2 DI R3 D2R3 D3 R2
s3 s2 s2 s2 S s2 st 51 53 52 st st
~—
S1 s3 st 51 s2 53 52 S3 52 52 s2 s3
52 S1 53 53 s3 s1 s3 52 s1 s1 s3 s2
DIR3 D2R2 DI R DIRl__D2RI_D2RAa DI R2 DaRl 1&:_‘ 3 Dip D2n2 1.
S3 s1 52 S1 s1 52 S st s2 st 53 s1
S1 52 s3 53 53 St 52 s3 s3 s3 S1 52 B.4M
s2 s3 s1 52 52 53 53 52 51 52 52 53
. )
+— 66—+ 184
4 29.4m t
EEY 3
D =DENSITY AREA OF ONE PLOT = 2.4x1.8=4.32M
2
AREA OF ONE BLOCK =8.4x6.6=55.44M*%
R=RAW SPACING A :
TOTAL AREA OF PLOT=27.2x29.4= 799.68 <= 0.D799%%ha
S=SEED SEIT SIZE
D1=166 .666 RI=10 Si= 75
D2=333.333 R2=20 52=150
D3-500 00O R3= 30 S3=225
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