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Thore were significant interactions among the
factors on most of the paramoters tested) which shoved
markod dependenee and eonpluewentary efiects among
N, P and FYM on the growth and yield characters of
carrot, Similarly, si nificant and positive '
correlatlon was obtained boetween marketable root |

yiold/ha the growth and yield parameters measured,
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ALTHACT

Fleld experiuents were conducted at two loec: tions
(samaru and kad wva) during the 1991/92 dry season to
doteruine the effeoct of nitrogem (0, 50, 100 and 150kgN/ha),
phos horous (0, 50, and 100kg lzosfha) and Farmyard
manure (0 and 20t/ha) on the growth 'nd yield of carret
(Raueus coxota Le)e

Nitrogen applieation signifie ntly inecreased the
growt  and yield parameters measured at iad wa except
root diametor, Vhile at Samaru, only the number of
loaves/plant root length and root fresh weiglht/plant
vere inereansed in respomse to N fertilizotiomn, lowever
pecketeble root yield/ha was significantly inereased
with increansing Nelevels at both loecations, lercent
total seluble sugar gontent was also si/ml leantly
incrensed with inereasing N level at amazu,

The application of phos horous significantly
inereoased number of leaves/plant, total fresh and dry
weights at hoth loecations and root len 'th at kKadawa
only at 6 WAS, llowever, phosphorous applieation
sigmiricontly increased morketable roct yield/ha at
both loecations, but mot total soluble sugars,

FYM application signiricantly inecreased both growth
and yield characters excopt the root diameter at Loth

locations, It also signifiec ntly increcsod the marketable

root yield/ha for both loentions, but mot the total

soluble sugars,
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CHAPTER 1,

INTRODUCTION
1.1 Origin and Distribution
Carrot (Daucus carota L.) the most important erop
plant of the family Umbelliferae has world wide distribution,

Evidences in Europe indicates that carrot was cultivated
prior to the 10th century, The species Daucus carota

is a native of Westernm Asia (Afghanistan) (Yamaguchi 1983),
According to Tindall (1983) however, the ancesto-gp.
carota, occur maturally in Europe, Asia and Africaj while
sub=sp, sativus has been cultivated from early times

in the Mediterranean region and is novw widely distributed
in many tropical areas, Commercial carrots are today
widely grown in the Carribbeans, Malaysia, Central

America and Phillipines,

In Nigeria, carrot is relatively a recent addition
to the diet prior to the mid « 50s, It was mainly grown
by the expatriates who also purchased the 'Commercial’
crops, Currently the crop has become a common commodity
in the Northerm part of the country, particularly at
the end of the dry season (March to May), With improved

transport system, large gquantities are marketed further

South where little of the crop is grown,

1.2 Botany
Carrot is a dictyledonous herbaceous crop grown
for the enlarged tap roots, The wild form is an annual
but the cultivated crop, which is believed to have been
derived from the wild type, is a biennial which rarely

forms seeds under tropical conditions, The enlarged



tap o0t can vary from 2 « 6em in diameter and 6 « 90cm
in length, Colour of the flesh may be orange, yellow,

white, red, purple or even black, However, the colour

and sime depends on cultivar grown (Yamaguehi 1983),

The stem is solid and condensed at the proximal
part of the root, The leaves are alternate & - 3 pinate,
sogments divided, petiocle normally long and eoften
sheathed at the base, Inflorescence is a compound umbel,
3 « 7om in diameter, borme on a much branched stalk,
Flowers are normally white or pink, small, sepals 5,
potals 53 ovary hairy, Fruits are oblong - ovoid, 3-iom
in length, ridges with hooked spines and the seeds
contain an essential oil (Tindall, 1983).

Each individual fruit contains one seed, The
embryo germinates slowly amxl requires a fine friable
seedbed and uniform supply of moisture (Tindall, 1968),

1.3 Esongmic and Jutxitional Jmportence
Among succulont vegetables carrot ranks third in

wvorld production, This is because the crop which is

easy to grow, has long period of harvest, transports well
and stores for relatively long period at low temperatures,
(Yamaguchd, 1983), Carrot is also ineexpensive and
popular particularly in Nertherm Nigeria wvhere it has
great production potentials during the dry season when
temporatures are favourably low and the crop is least
affected by pests and diseases, In addition there is
relatively cheap labour during the period and fairly
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good produce price and consequently a good source of
income to the farmers, Fowever, despite the increasing
popularity of the crop there is neither an organized
market fior accurate statistics to indicate the level

of production (Green, 1973).

Carrot was first used for medicinal purposes and
then gradually for food, It has a high nutritive wvalue,
The enlarged tap root contains large quantities of
caroiene which is an excellent source of Vitamin A,
Accoxding to Howard gt al., (1962), the proximate
composition of ecarrot variety 'Nantes' in 100g of edible
portion (roots) is 15% fibre, 32 (Cal) energy 88g water,
0,8g protein, 0,2g fat, 6.,8g CHO, 10,000iu Vitamin A.
0.05mg Vitamin B,, 0,03mg Vitamin B,, O.4mg niacin,

S5mg Vitamin C, 3img Ca O,9mg Fe and 32mg P, However,
according to FAO (1972), the composition is 87ml H,0,

37 (Cal) omergy, 1.1g protein, 0.3g fat 8,0g CHO,

0,9 fibre, 3I6mg Ca, 38mg F, 1.,2uwg Fe, T0COmg U -~ carotene
equivalent 0,06mg thiamine, 0.,05mg ribolfavin, O,7mg
niacin and 8mg as ascobic acid per 100mg of carrot

To0ts,

In most production areas, carrots are used as
fresh vegetables, dosserts, snacks or in developed
countries they are canned, frozeun and dehydrated, The
world production of carrots stands at 10,325 (‘IO3 MT)
FAO (1979). 1In Nigeria, the production is estimated

at 250,000 tonmes per year (Onayemi, 1981).
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1.4  Agromcumy/Cultural Practices

Carrot giows well on many soil types, preferably
on well drained soils with pH 5,5 « 7.0, Sandy loam or
organic soils (peat or muck) free of clods and rocks
are preferred for smooth straight roots, Soil compaction
aff'ects root growth and length, In very compacted
soils, tLhe tap root grows counicel in shape instead of
long tapered roots in frisble soils, A cool seascn
CaxTo. grows best al mean vemperatures of 16 to 1B°C.
Top grovith is reduced at me:n alr temperature of 28°¢
and the reots become long and tapered below 16°C, at
4 to 10°C, there is little root enlargement and very
little top growth, It requires adequate moisture of
45 to 90cm water during the growing seascon for geod
quality and high yields, Low moisture results in strong
pungont flavour, While high moisture or waterlogged

eonditions results imn poor root ceolour (Yamaguchi, 1983),

Carrot requires and responds favourably to both
organic and inorganic fertilizer, but the rates depends

on the nutrient status of the soil,

Carrot is propagated by secds, Seeds are sown at
a depth of 1 -~ 2em in soils cultivated to a depth of
20 « 25cm, nommally oun well prepared beds, Seecds are
sewn in drills 30 to “Oocm epart and seedlings initially
thimned, vhen 5 to Bem high, spaced at 5 to Sem apart
depending or the vigour of cultivarj later thinning
should leavs the seedlings 10 to l4ew apart (Tindall, 1983).
Roots are harvested when crown diameter is 2,5 to
3.5cm at about 9«12 weeks after sowing (WAsS),



1.5 QObjectives of the Study

In Nigoeria, reseanrch work on carrot crop ic very
scanty and much in the primary stages (Green, 1972).
Comsidering thoe s0 many advantages of ecarrot production
compared with other vogetablos (like the long period of
harvest,; relatively longer storage life, least affected
by pests and diseases duriag its growing period, ete),
and the jnercasing popularity of the erop, 1t has
boecom> apparent, that more research work has to bo done
in its area of production, In viaw of the gencrally
low lovel of soil fertility of the lNigerian savannah
(Jones, 1973a) and the generally low average crop yields
associatod with the problem (Agiobemebo, 1988), it is
more than likely that a sound fertilizer programme may
be needed to improva the erop yield and guality, It iAs
in this regard that the study was initiated with the

following objactives:

i« 7To determine the offTects of nitrogen, phosphorous
and farmyard manure and their interactions on
the growth and yield of carrot (Daucus carota L,),

2, To nssess the effect of these tredatments and
their interaction on the soluble sugar (%)

of the erop (roots),



CHAPTER 2,
LITERATURE REVIEW
241 MNutritionsl Status of the Sgvauns Soils

Avorapge crop yilelds in ligeria are generally low,
Tide de atitributed o severel foctors, the meost promiment
of whick is the wide~spreed scil nutrient doficlency,
particuvliarly nitrepon, phogpherus end potassium,
Leficilency of secondory onmd plant micro nutrients alseo
ooours on a lesrer scale, Thun, the efficient use of
fortilizoer in combinetion with other inpreved cul tural
prnotices con bhe one of tho most effective memns of

increasing preduntivity and eutput (Agicbemebo, 1988).

Most soils of the Nigoriau savanua wre ferrugineous
troplcal soils which are gonerally low in rurtility,
with very low osganic walter aud adilrogen status
(Jones, 1973a), Investigations curried oui revealed
s0il nitrogen value as ranging Trom 00,0008 to 0,25% with
an avorage of 0,051%, Lo very poor -ndtrogen
or mineral status of the savanna soillis, they of'temn
respond to nitrogen fertiliger application (Goldwerthy,
19673 Jones, 1974j Mokwunye, 1977). Usually, at the
beginning of the rains, there is a temporary increase
in the concentration of nitrate nitrogen in the surface
soil which thereafter declines as a result of leaching
and immobilization (Jomes, 1974). Other evidences

have shown that, mineral nitrogen can be increased in
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the savamma soils as a recult of rains and thunderstormj
4 to 5kg/ha por anmm of nitrogen gain has been

contrivuted at Swiaru (Jones and Bronficld, 1978).

According to Jones (1973a), the amount o erganic
matter in the soil is a function of a mmber eof Fpoctors
acting over a period of time, The two most lwportunt
factors whicn determine Lhe amount of organic matter
are clay content of the seoil and the amount and
distribution of rainfull, Clay soils have high water
holding capacivy, while the amount and cisctribution of
rainfall will determine the nature of vegetation, the
duration and its sustainance which coneeqguently improves
the physico-chiemical coudition of the seil and minoral
utilization, In the kigerian savanna, oveun though it
was estimated that aboui 3i.41 millilon meiric Gwunow
of crop residues was produced during the 1970 - T
geasony they roquire careful wunagoment belore opilmum
utilization as a source of organic matter,

(Balasubramanian and Huadi, 1300),

The total phosphorous content of che seils in
savanna were often considered high, with average values
of 147.,0 and 977ppa in the surface and subsurface soils
rospectively (Uyovbizare, 1979). Howover, Amm (1970),
has reported that the long severe dry scason exp rienced
in the savanna reglon, further aggravated by annual
burning, which inevitably results in low orgmnic matter

of the solls, savanua soils are inherently low in organie



matter and ftherefore iucapgble of sustaining good crop
growih for even onc growing scason (Ulegunde, 1981),

All these fuctiolsy put together Turiliusy xeduces the
phospliorous contunt of 1l pavanua solls thecugh
organic matier source {(Jaiasubrananien and Nnadi, 1960)j

and of ecourse ils aveilebiliivy.

2.2 Mineral nutrition in carrvot

Experiments conducted eleewhoere ha¥e shown that
carrot (Daucus carota L.) responds favourably %o mineral
fortilizers and organic manures, Sinnandurai (1973)
reported that fammyard manure and compost were the most
popular fosn of fertilizer for growing vegetables in
Ghana, Howover, Dannison (1961) and Keogbe (1976)
observed that organic manures have the limitation of
being very low in nutrient content per unit weight
compared with inorganic fertilizers and slow in the
nmutrient release, Therefore, . e ideal mineral supply
situ tion may necessitate the adontion of an intergrated
approach to the use of the nmutrient sources, Magsur and
Lukaszul (1975) in a fiold trial observed that increasing
rates of nitrogen from 0 to 300ksN/ha, phosphorous
from O to 240:zg Pzi‘-j;'ha and potassiuvm from O vo 480kg
ch,’ha fertilizers, lacioaged the yleld of yeollow cariot
by 16 to 384, It also incvassed the averuge toial
fresn matior yields obtained, Nitroxon at 150ks/ha had
the grectest effoct in ‘nervasing yield, Tollowed by

phogphorous 2t 180ky Paobfbu ond then potassium at
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240kg 120/113. Results obtained by the above workers
also revealed that applied nitrogen significantly
increased the crude protein content of the 'roots and
tops, while plesphorus and potassium only increased total

crude protein production per hectare significantly,

In another trial, in which inorganic fertilizers
were applied with and without farmyard manure on
fodder carrot, it was observed that, nitrogen, phosphorus
and potassium tended to decrease the caroteme content
of the roots but with all tates of N, P and K, .the
carotene content was higher when FYM was added than

without (Mazur and Gronmowicz, 1974).

2,3 [Effect of Nitrogen on Growth
and Yield of Carrot,

Nitrogen is an important and the most limiting
nutrient in the Nigerian soils. An adequate supply
of nitrogen is associated with vigorous vegetative growth
and a deep green colour of the crop foliage, Nitrogen
is also a key component of protoplasm, part of protein
molecule, enzymes and many metabolic derivatives inveolved
in the synthesis and transfer of emergy. Its deficiency
causes chlorosis and stunted growth in plants
(sauchelli, 1978).

Carrot was reportcd to respond favourably to
nitrogen fertilization, At Sam ru, Greemn (1973), showed
that the yield of marketable carrot roots was related

to fertilizer application, with significant yield



incrense dm response to increasing rate of sulphate of
asmonia from 0 to 750kg/ha, Geissler and Rudiger (1980),
in Gemmany showed that 80kgN/ha followed by twe top
dressings of 75kgN/ha are pree-requisite for high carrot
yield, Viebe (1987) also in Gormamy has shown that 80 to
140kgN/ha was genmerally cousideored statisfactory for
good results,

Habben (1973) observed that although inoreasing
nitrogon leveols increased both the root caroteme and
sugar content, nonereducing sugars are decreased,
Michalik (19685) also observed that high rate of nitrogenm
(400Kkg/ha) reduced the content of monosaceharides,
Orphanos and Krentos (1988) reported significant
incroase in yield of carrots and that 63 « 126keN/ha
was required for maximum yield,

2.4 Effoct of phosvhorous on growth

and yiold of garxots
Phosphorous is a major fertiliser mutrient but

occurs, in most plants, in gquantities much smaller

than those of mitrogon and potassium (usually an

average of 0,49 dry matter variable according to species,
organ and age) (Chavarria, 1985). Phosphorous is a
constituent of cell mucki, essontial for cell division
and growth, It enhances oot oxpansion and growth in
the soil, early waturity, diseoase resistance and erop
quality, (Gupta, 1984 Chavarria, 1985). Phosphorous
is dmportant for plant growth since it is cssential

for good root establishment necessary for eificient



mineral absorption and consequently improved growth
and yield,

There are evideances that carrot reaponds to
phosphorous fertilization, Masur and Lukasauk (1975)
showed that 180kg of r,o,/h. gave the highest yield
effect after nitrogenjy while Masur and Greonowiem (1974)
observed some yield increases when 90kg r,o,/h. was used,
Greon (1973) has also shown that, the application of
bmao,/u using single superphosphate vesulted to
significant incroascs in both marketable amd total yields

of carrot,

Trushina (1970) reported that all phosphorous
eompounds play an active role in healing mechanically
injured roots of carrot, The soncemtration of phosphorous
gompound incroases during healing and was higheet in the
outer lmm of tissue, Pankev (1976) has reportod a close
positive correlation botwoen garrot yields and leaf
phosphorous contont, He further observed that,
phosphorous deficiency roduced root yields but increased
dry matter, sugar and carotone content of the root.
However, Orphanos and Krentos (1988), did not observe
any sigunificant yield increase with the applicotion of

up to 69ke P,0,/ha,



2,5 Effect of FYM on growth and yield
of carrot,

Organic manures in the form of FYM and compost,
have the advantages of improving soil water and mmtxistm
nutrient retension, plant - soil - water relationship,
gradual release of nitrogen and seoil structure and
porosity (Bunting, 1963; Ajakaiye, 1971). In additionm,
manures are important sources of nitrogen and phosphorous
(Mokwunye, 1977). In the savanna areas of Nigeria,

FYM is valued mainly because of its phesphorous content
as most savanna soils are deficient in phosphorous
(Balasubrannian et al., 19793 Mokwunye, 1981), Thus,
the remarkable crop returns from FYM may be attributed
largely to its P and micronutrients contents (Abdullahi
and Lombin, 1978), and to a lesser extent N and K
(Djokoto and Stephen, 19613 Peat and Brown, 1968;
Heatheote, 1970).

Austin gt al., (1963) reported that the application
of FYM resulted in 15 to 209 increase in net assimilation
rates and relative growth rates of carrot, but these
increase persisted for only L-7 weeks when growth of
the leaves on all the plot was exponential, The
initial increase in assimilation rate of the plants

resulted in increased leafiress erd subsequently the

root yield, Mazur and Gronowicz (1974) also observed
that the applica.ion of FYM increased tops and root

yields of carrot,
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2.6 Znteracticn of Nutzient Sources on Carrot

Nutrient eloments have speciiic functicns in crop
growth and development, and mno single nutrient element
can produce any meaningful plant growth on its own, The
various nutrients have complementary effects on plant
growth and development, For exauple, phosphorous is known
to increase the efficacy of nitrogen absorption,
S8ignificant interactions among nutrient elements have been
reported on earrot. Green (1973) observed significant
interaction among N, P and K. Mazur et al., (19743 1975)
also reported significant interacticus among N.P.K. and
FY¥M, In one experiment while the cowbination 240kgN/ha +
FYM gave maximum yields of earrot tops, the requirement
for root yield was FYM + 60kgN/ha (Masur and Gromowics,
1974) .

Eventliwough, FYM has been suggested to increase
phosphorous availability (Brady, 1974), Sagir and Kafkafi
(1975) did not observe any significant difference in
yield of pepper due to FYM and phosphnorous fertilizer
interaction,

BEmura and Hosova (1979) reported an increase in the
quality and yield of carrot tops in response to the
combined application of mnitrogen and phosphorus, but only
at high P2°5 level was the yield and root thickness

‘gnificautly increased, Excess nitrogen on the other

hand, reduced reot yield in the absence of phosphorus,
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Naseer and Tauki (1569) had weported highest average seed
yield of earroti by epplying 120kgN/ha and 90kg PzO,/hl.
The highest yield obtained was ag a result of the highest
nitrogen rate, while phosphorus had a less proncunced
effact,

In another trial, carrot received either no fertilisation
or was Ziven 0 to 240kgN/ha + 90kg 9205 and 240kg 120/h-,
with or without FYM (Mazur and Gronowiecz (1975). The
resul ts obtainea showed that treatuwent ecombimation with
FYM gave the better yield of roots and tops and also
hisher protoin centent, than those without FYM, The
highest leovels of l.F.K, and FYM combinations gave the

highest carotcone content,
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CHAPTER 3.

Two trials were conducted during the 1991 dry season
on the farms of the Imnstitute for Agricul tural Research,
Ahmadu Bello University, Samaru (Latitude 11° 11'N and
7° 38'E) in Northoerm Guinea Savanna ecological mone of
Nigeria and the Irrigation Research Station of the
Institute for Agricultural Research, Almadu Belle University,
Kadawa (11° 39'N and 08° 02'E) in the sudan savanna
ecological zone of Nigeria. The proceeding crops at the
first and second experimental sites were tomatoes and

onion respectively,

Soils of the experimental sites at Samaru and Kadawa
were loam and clay loam respectively. These soils were
described as well drained, often leached ferrugineous
tropical seils (Klinkenberg and Higgins 1968). They
are characterized by low pH, low cation exchange capacity,
low organic carbon and nitrogen but with high level of

potassium,
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Table 11 Fhysio=-chemical properties of theo soilj; and

of I''M troutment uacd at the Samaru location,

S0il and IFYM Soil depth (em)

o ctoristic FYM O=15 15-30
PH in 1,0 (13215) Bo2(121) 5.7 5ol
pli in 0,01m Cnolz - 5e2 5.1
Organic carbon (%) 13.51 0,27 0,38
Total nitrogen (%) 0.98 0,042 0,028
Available phosphorous (ppm) - 8,04 357
Total plonplorous (pm) 2200

ixchangeable bascs (Mog/100g soil)

Ca - 3494 3,96
Mg - 0,85 0.87
K - 0, 28 0e19
Na - 0,15 0,16
C.E.C - 5e22 5.18
ca (%) 0,48

Mg (%) 0,28

k )(%) 0,106

Na (%) 0,041

Zzn (ppm) 85

Cu " 08

Mn " 310

Fe " 13250

Particle size Analysis

sand (%) 39 37
silt (%) ':: :;
- (%) Loaom Loam

Textural class
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Table 21 Physiow~chemical propertics of the soily and of

FYM treatment used at the Kedawa location.

Soil and FYM Sodl depth (em)
Charactoristics Y QO - 15 15 = 30
PH 1,0 (132:5) B Te8(1:1) 5,8 5e2
pH 0.01m Cacl, - 5. 5,3
Organic carbon (%) 14 .21 0,38 Cu32
Total nitrogen (%) 1,20 0,040 G,038
Availablc phosphorous{(ppm) = BL7 2,79
Total phosphorous (ppm) 2350 - -

Exchangeable bases (Meg/100g soil)
Ca 1&.1&1 5.011-

Mg 0.88 14053
K 0,18 C.19
Na 0.16 Ce16
C,E.C . 573 6.44
ca (%) 0.62

Mg " 0,46

K " O413C

Na * 0,054

Zn (ppm) - T2

Cu " Q9

Mn " 285

Fa " | - 14010

Particle size Analysis

sand (%) LYy 33
silt (%) 31 31
clay (%) 22 | 34

Textural class _ Loam Clay locam
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3.2 Ixeatments and Experipental Desizn

The tre tments were made up of four levels of
nitrogen (0, 50, 100 and 150kg/ha), three levels of
phosphorous (0, 50, and 100kg P:‘Q,/hn and two levels of
FY¥ (0, and 20t/ha) in factorial combinations and laid out
in a randomiszed complote block design and replicated
three times,

The sources of nitrogen, phosphorous and FYM were
caleiuvm ammonium nitrate, single superphesphate and
well rotted cow dung respectively. The physio-chemical
proportics of the FYM for both locations are shown on
tables 1 and 2 for Samaru and Kadawva respectively,

33 Sultural Practices

3341 Lund Preparation
The experimental site was ploughed once, harrowed

twice, raked free of stones and plot and then mannually
prepared inteo series of slightly sunken beds each of
1.5 x 2,0m dimension which constituted the plots,

3.3.2 Manuxe and fertiliger application
The FYM and inerganic fertilisers (N and P) were

applied 4in amounts as per treatment specification, The
FYM was applied in one single dose, a week before sowing
by broadeasting and thoroughly mixing with the top seil,
The Pefortilizer was also applied to the appropriate plots
in a single application at seed bed preparation time,

The N=fertilizer was applied in 2 equal split doses at

2 and 4 weeks after sowing (WAS) in bands about 3cm deep
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and away from the line of drilled seedlings,

3.3¢3 Sowing
Seeds were sown by drilling at a depth of 1 « 2em

in the well prepared scedbeds, Top soil was used to
slirhtly ecover the seeds by spreading lightly to prevent
loss of seeds from wind, The seed drills were 30em
apart, At 3 to 4 weeks after emergence, the seedlings

were thinned to an intra-row spacing of 5Scm apart,

3¢3.4 Meed and Pest Control
During early seedlings growth, weeds were handepulledd

to prevent seedlings damage, while hoe-weeding was later

employed as often as mnecessary.

The carret crop was relatively free from any

major pests and diseases attack at both locations

taroughout the period of growth,

3.3.5 ZXxzigation

Irrigation water was the source of water at both
experimental sites, Surface flood irrigation of the beds
was provided every 3 « 4 days throughout the period of the

experiments at Samaru and once a week at Kadawa,

3.3.6 Harvesting
The matured carrot roots were harvested at 10 WAS,

when the crown diameter was about 3«3,5cm., The beds were
pre-irrigated boefore harvesting so as to facilitate

lifting out of roots,



3.4 Data collection

3.441 Seil Analvsis
Soil samples were randomly taken from two depths

(O=15cm and 15=30cm) from different locations of the two
experimental sites using a soil auger instrument, The
samples were taken after land preparation but before

the treatment, application, The samples from the two
depth ranges were bulked separately and analysed for
physical and chemical characteristics (Tables 1 and 2),

The soil texture and analysed by the lHydrometer
method (Boyoucus, 1951) and the textural class determined
by the soil texture triangle, Total nitrogen was
determined by the macro-kjeldal procedure (Bremmer, 1965)
and available phosphorous by the method described by
Trong (1930) while exchangeable cations were determined
by the acetic acid method (Reith, 1967). pH and organic
carbon were determined using the standard procedures

described by Black (1965),

3.4.R Assessment of growth characterigtics
Seven random plant samples were selected and tagged

in each plot for the purpose of the assessment,
Observations on the growth parameters, (Plant height and
number of leaves), were conducted at weekly intervals
begining from 5 weeks after sowing (WAS), Plant height
was defined by the distance from the root crown to the

tip of tallest leaf,
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33 Assessment of yield characteristics

Seven random plant samples were selcoccted and tagged
in each plot for the assessment,of root length and
diameter, fresh and dry weight of tops and root and whole
plant at weekly intervals, starting from 5 WAS, Root
length was measured from the crown to the tip of the root
using a ruler, Root diameter was measured at the crown
level using a caliper, The total fresh weight of roots
and tops, and root fresh weight/plant were determined
using a muteiler weighing balance., The total dry
weighg/plant was determined by oven-drying to a constant
weight at a temperative of 70°C and then weighed.
Percentage soluble sugars was determined colorimetrically

(Dubois et ale, 1956).

3.5 Statistically Analysis of Data
The crop data collected were statistically analysed

to determine treatment eifects for significance using 'F'
test (Smedecor and Coeckran, 1967)., Treatment means were
compared using Duncan multiple Range Test (DMRT) at 5%
level of signifricance, Correlations among parameters
measured at 9 W.S were also determined, The regression
of total yield/ha against the levels of nitrogen,

phosphorus and FYM was also studied,



CHAPTER 4.

RESULTS
441.0 General Observation

Crop growth and performance was gener:lly good
throughout the period of the experiment at Kadawa,
Hovever, at Samaru, a partial waterlogging condition

from the first and second watering resulted in the

wvashing away of some seeds, poor germination and consequently

poor seedling establisiment, However, there were
enough seedlings for sampling and analysis in each plot,

At both locations there were no serious incidence

of pests or diseases,

4,2, Elant height
Nitrogen significantly affected plant height only

at Kadawa (Table 3a). At 5 and 6 WAS, the application
of 150kgN/ha produced significantly taller plants than
the lower rates as well as the untreated plants, At

8 and 9 WAS, response of carrot to N was more marked as
each level of added fertiligzer significantly ' increased
the plant height,

Phosphorous had significant effect on carrot plant
height only at Kadawa during the 8 WAS samplingj the
application of 100kg onsfhn resulted in significantly
taller plants than 50 and Okg pzosjn..

Application of farmyard manure significantly incrdased

plant height of carrot at both locations except at 6 and 7.
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Ijtornotion of FYM and on, on the height of plants
grown at Kadawa was significant at 8 WAS (Table 3b),.
Significant responses to the application of ons was
observed only in the presence of FYM,

In the interaction between _FYM and N, the tallest
plants were obtained with a combinatiom of FYM and
150kgN/ha (Table 3e¢). All levels of applied N in combination
with FYM led to successively significant increases in
plant height, In the absence of FYM, the low rate of
50kgN/ha produced no marked effect on plant height,

Thede was also a significant interaction between
N and P on plant height at 8 WAS at Kadawa (Table 3d).
The tallest plants wero those that received 150kgN/ha
plus 100kg onsfhn. At O and 50kgN/ha, there was mno
significant height response to phosphate fertiliser,
Only at 100 and 150kgN/ha did p205 application increased
height markedly, Similarly at O and 50kgN/ha produced
no marked effect on plant height until the P205 level

was raised to 100kg ons/hs.

he2,2 Number of leaves/plant

The main effect of the treatments on number of
leaves/plant are shown in Table 4a, Nitrogen significantly
affected the number of leaves/plant of carrot at both
locations except at the 6 and 8 WAS at Samaru, There
was no dignificant difference between 0 and 50kgN/ha

except at 9 WAS at Kadawa, The application of 100kgN/ha



24

Table 3a: Flant height (em) of carrot as influenced by the application of N, P and FYM at Kadava and samaru, 1991.

Wooks After ~owing
Treatments 5 b8 1 2 9
0 30.35  26.96b  32.53 31.89 36,18 36,90  37.22 37.37d 38, 51 49.89d4
50 .41 25,79 33.90  30.76b 36,21 35.83 39,28 40.16¢ 40.96 52432¢
100 30,33 26,160 31,16  31.18b 36.51 36,66  38.47 43.71b 36.79 56+ 54b
150 30.88 30,038  31.09 34.52a 34.33 39.54  36.52 50.32a 36,60 62.83a
ST+ 0.98 0.91 1.11 0,97 1.45 0.98 1.07 0.51 1.49 1.1
P 0. (kg/ha)
0 28,87 26.38 .38  31.33 33.54 36,36  36.18 41.60b 36.67 54,72
50 31.81 27.65 32,90 32.25 37.25 37.63 39.46 42.78b 38B. 21 54.83
100 30.80 21.67 33.25 32.68 38.89 37.T1 37.97 44.26a 39.61 56,64
SE + 0.85 0.79 0.96  0.84 1.27 0.85 0.93 0.44 1.29 0.96
FY_(t/ha)
0 27.3%  23.98b 31.68 28,96b 32.41 34,00  35.42b 36.14b 34.92b  44.11d
20 33.63a F.49a 32,67 35.19a 38.73a 40.47  40.32a 49.64a 41.41a 66,682
SE + 0.69 0.65 0.78  0.69 1.04 0.69 0.76 0.36 1.05 0.78
Interngtion
FxP NS NS NS NS NS NS NS . NS NS
FxN NS NS NS NS NS NS NS » NS NS
Px¥ N3 NS NS NS NS NS NS . NS NS
Izl z R . NS N3 B3 NS NS NS A B NS

Means of treatment set followed by unl ike letter(s) are significantly at 5° level of significance using IM.T,
NS = Not significant,
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Table 3bs Interaction of FYM and P on plant height (om)

of carrot at & WAS, IU dawa exporiment,

_— F {(g/ha)

P, 0, (x&/ha) 0 20

0 35.83a 47.38¢
30 35.924 %9465b
100 36,664 Si.9a
SE & 0,63

Means followed by unlike lotter(s) anre significantly

different at 5% level of significance wvsing IMRT,
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Table Jcs Interaction of N and FYM on rlant height(cm)
of Carrot at 8 Was, Kadawa experimont, 1991,

Troatment | Fyi (b/had

N (x/h: ) 0 ' 20
® 32,19 h2,564
50 : . 33.438 46,.89¢
100 37.52¢ 49,89b
150 41 .,40de 59,248
SE + O, 72

Table 3ds Interaction of § umd P om plant het ht (om) of
carrot 8 WAS at Xadawa expordiment, 1991

1@&,‘_,}'.:‘,,l (ke/ha)

so/ha) 0 5 100
o 37.7501 36,501 37.87hi
50 39.58gh 39.45ghi 41,4505
100 42.92ef 43.65d-6 Uie5%cd
150 Léu170 51.53ab  33.27a
SE + 0.87

Meane followed by unlike lettor{s) are significuntly

difTerent -t %% level of signiticance using IHRT,
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produced more leaves/plant only 8 WAS at Kadawa and at
9 WAS at both Kadawa and Samaru, The highost level of
N (150kgN/ha) led to the production of more leaves/plant
compared with the lower rates of application except at
7 WAS at Samaru when the effect of 100kg and 150kgN/ha
were at par,

Phosphorous application influenced leaf produection
only at 9 WAS where the application of 100kg onjfhl
produced sigrificantly highor leaf number than Okg onjfhn,
at Kadawa,

FYM application significantly increased mumber of
Jeaves/plant throughout the sampling period at Kadawa and
at 5 and 7 WAS at Samaru,

The interacticn between FYM and P was significant
at Samaru 9 WAs (Tuble 4b), The highost leaf mmber/plant
was produced with the combination of 100kg ons/lm with
FYM, Without FYM, enly the application of 100kg 1’205/‘“
produced comparable rosults to the maximum, DBut with
FYM, even crops treated with 50kg p‘osfhs produced results
comparable to the maximum obtainod,

Nitrogen and FYM showed significant interaction on
number of leaves/plant at Kadawa 9 WAS (Table 4¢c)., Leaf
number/pfant increased with N levels and FYM applic:tionm,
Plots without eigher N or FYM gave significantly the
lowest result, In respective of N levels, carrot plants
did not produce comparable number of leaves to those

treated with FYM,



Yaole 4a: Number of leaves per plant of carrct 2o influenced by the anvlication of N, F and ¥V at Samaru

amd ¥adawva.
“gokn Alsex —zowing

Treatment 7 8
v 5.89b 7.3 8.33 T« 56D 8,56abc TG40 11.11 B8.7T2¢ 11.26¢ 11.96d
50 6.93% T.44b 8. 11 7.6T> 8.,22¢ 8,005 10467 Beyde 11e34c 14.05¢
10 T.28b T2 Bed4 T.89b 9.8)a> 8,22 1072 10.220h 12.67h 15.31b
150 9.00a 9.06a B8.% 9.28a 9.%4a Fe61a 10.78 11.3%a 15.14a 16.92a
b H O.h& Qou Ol#m OluN o. ma 003 o.m\u o.nm n.B Oluo
mmom (kg/ha)
0 T.13 T.58 408 T«79 9.08 8.17 10.25 9.73 10170 13.80b
50 Te54 T3 8,13 8.04 9.23 2.42 19771 2.54 11.67ad 14.61ab
100 T.8% 9.29 2,75 8.45 9.2¢ 8,79 11.50 10.08 14.5% 15262

B+ 0.38 0.31 0.7%9 0,28 0.44 0.2% 0.60 0s24 1.04 Ce26
P (t/ha)
20 8.42a 8.75a 5e61 C.92a 9,69 2,222 10,47 11.3% 11.5% 17.26a
SE $ 0.3 0.26 0,32 D.22 0.36 Ca21 0.49 0.20 0.85 0.21
FxP NS N3 N3 NS NS N3 NS RS L ) &
FxN NS NS N3 N3 N3 NG K] N3 "o xS
FPx N s NS HS HS ). o NS NS B nS NS
Fzxlfzxh N3 NS NS 5 54 NS N5 NG NS N
Moans of treatment set foliowed by ualils lotter(-) are =immific ntly different at 5 level of significance

using MAT,

NS = ot signiricant,
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Table 4bs Interaction of FYM und P on mmber of leaves
of ecarrot at 92 UAS at Samazu, 19291,

Treatments —liM (t/ha)

P,0

2% (kg/ha) 0 20

e 8,58¢ 9,75b
50 10.17b 13.17ab
100 14 ,00ab 17.67a
SE + 1.48

Moans followed by unlike letter(s) are significantly
different at 5% level of significance using LHMRT,

Table ket Interaction of N end FIM on mmber of leaves/
Plant of ecarrot at 9 WAS, Kadawa, 1991,

Treatment M (¢/ha)

N (ka/ha) o__ 20

o 9.76g 14 ,16d
50 11,.8%7g 16.30¢
100 12,12¢f 18,500
150 12,h3e 20,00a
SE 4 0.42

Interaction means followod by unlike letter(s)
are significantly different at 5% level of

significance using IMRT,
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4.3.3 Reot length

Nitrogen application significantly affected root
length at Samaru during the S5th HAS only and at Kadawa
6, 7 end 9 WAS (Table 5a), Increasing the level of N
up to 100kg/ha had no significant effect on root length
except at Kadawa during the 9 WAS, Further incrense in
N upto 150kg/ha however, led to significant growth in root
length,

Only at Kadawa did the application of ons
significantly influenced root length at 6 and 7 WAS, The
application of 100kg P205/ha increased root length
compared with no phosphorous treatment but was similar te
the 50kg P,0, treatment,

FYM application significantly increased root length
except at 6 to 8 WAS for the Samaru trial,

Interactiou between nitrogen and FYM on reoot length
was significant at Samaru and Kndawa during 8 and 9 WAS
respectively (Tables 5b and 5¢)., Application of 150kgN/ha
with FYM rosulted in longest roots at both locations,

At Samaru, significently positive response to the

application of 150kgN/ha was obtained only in the absence
of FYM, There was mo significant response to N when

FYM was applied, On the other hand, there was no response
to N without applied FYM, In the presenco of FYM, the
application of 150kgN/ha produced significantly longer
carrot roots than 0 or 50kgN/ha,



a1

o ———

iad

16.74¢
16.58¢
18.01adb
18. 3%
0.351

17.23
17. “N
17.70

0.27

16,09b
nmojh
C.22

Tatle Sa:  Root length(em) of carrot as influenced by the application of N, F and P at Semaru an! Yada.a 1991,
2 gk Al bog PEE PN
Treatment 5 9
E (v2/ha) San Xad sea kad 3am Ked s Xad aan
(o) % .46 9e41 10.56" 9.64 11.71» 10. 15 14.71 1053
50 3.8% 9.16h e 16 10,21 10617 11.290 10.50 1517 11.0€
150 11.51a 12,362 827 13.45a 9.63 1407 1155 1717 1153
SE + 0,65 0.61 0.53% 0.6C 0.58 Q.60 0.:7 Q.72 55
0 8460 9.05 8.02 10. 14> 9.45 11.25b 10.15 15.24 10.40
50 10.10 10.61 955 11.70ab 10.46 12.85a0 10.93 15775 10.74
120 10421 10.71 8495 11.76 1043 12.5% 10.2% 16,27 1050
SE " OOW.N Olmu OOhs.u o.ﬂ 0.50C .h\N Qome o.mo O.A-w
U 3,07 8.4%) 9404 9.540 10,04 10,505 1C. 36 13.5% Je 240
20 11.21= 11.81» 8.64 12,80 10.27 14.0%5a 10.92 18.0M1a 11.48a
Sk 0. 47 Ce43 0.5 0.42 0.41 o3 044 0.43 04
Intersctions
¥Fxr NS N3 s 55 s NS ns Ns Hs
S x4 RS NS No Ns N3 RS " s Ny
PxN Rs NS Na NS N3 N3 RS HS Ns
FrxixN NS NS NS NS N3 ns NS s NS

Meanz of treatment set followrd b~ ualike leller{s) are sigmnificontly 4iffar-nt »

wring e

i3 = Not siznifiecant,

+ 5% level of aignificance
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Table 5b: Intoraction of nitrogen and farmyard mannre
root lorgth {on) of vairot at 8 las,

Semarnt, 1991,

Yo (t/he)
0 =G
Root lenpth

L 8.ite 11 .89ab
Se 10, 73a~0 10.58a-d
100 10.37a-0 11.43abo
150 10.92a~d 12,38a
SE 4 | St

Means follewed by unlike letter(s) arce significantly

different =t 5% levul of using BT,

Tahle Sor Intormotion of nitrogen and farmyard
panure on xeot length {cu) of carrot at

9 WAS, Radawn, 1991,

Trentment ' o
B (xxlbel 0 29
o 15493‘ 17-550
50 15,55 17.58¢
100 g 15 e520d0 19.h9eb
150 16.31de 26,478
GE + 0.)42‘

[ ]

Menns followed by unlike letter(s) are signilicuntly
L e e ei% es mmmhehd T bv naing DMRT,
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he.2.4 Root diameter

The dirmeter of carrot root was uncffected by both

N and P 0, applicntion (Table 6a), The application of

5
FYM significantly increased root diameter onlv ot
Kadewn at 8 WAS,

Significant interaction between N and FYM on root
diameter was observed at Samaru at 6 WAS (Table 6b),

At 0 « %50kgN/he, the dimmotor of carrot root with or

without FYM were similaxr, BbBut at higher N level, there
wore significant incronses in oot diaweter due to FYM
applicaticn, There was no responsc to N without the

addition of FYM,

4.2.5 Root fresh weight/plant

Root fresh weight/plant was significantly affected
by nitrogen levels at 8 WAS at Kadawva and at both location
at 9 WAS (Table 7a). At 8 WAS, 150kgN/ha resulted in
higher root fresh weight than the longer rates, The
application of 100kgN/ha also caused higher root fresh
weight than 50kgN/ha, but not the control, There was
no significant differonce between 0 and 50kgN/ha, At 9 WAS
root fresh weight increased significantly with each
inerease in N level,

FYM application significantly increased root fresh
wéight/plant at Kodawa throughout the sampling periods

and at Samaru at 5 and 9 W\S,
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Table 6a: Root diameter{cm) of carrot es influenced by the application of , ¥ and ¥TH at Janeru and

Kadawa, 1991.
deeks After Jowing

Tregtment 3 8. 1 _8 3
5 (kg/ha) Jem fad dom  Zed es Eed a2 Zsd .m Zad
0 0.94 1.18 1.58 1.70 2.10 2.23 2.5 2.12 2% 2466
50 1.49 1.62 1.73 217 2,22 2.78 2.51 2.14 2.69 2.79
_-8 ﬂ.g 4.3 ‘.4. ‘.-3 N.“N Nlﬂ N.“N N.A@ Nimn N..Nu
150 1.82 1.75 1.84 2430 2.14 2.54 2.41 2. 2,74 277
SE & 0.26 0.20 0.11 0,20 0.18 0.20 0.15 0.08 0.16 0,06
i 0 (ke/na)
O ao,_m a.u aomh aos Noa NOOO N.”U NtaN Moﬂ Noﬁ.w
50 1.48 1.66 1.80 2:22 2.7 2,78 2.44 2.25 2.50 2.78
100 1.32 1.30 1.73 1.84 222 2.57 2.63 2.18 2.70 2.78
SE + 0,22 0.17 0.10 0.18 Q.16 0.18 0,13 0.07 0.14 0.06
ED (t/ha)
] 1.24 1.47 1.74 2,02 2.26 2.57 2.44 1.990 2.44 2454
2 1.41 1.43 1.71 1.96 2.13 2.52 2.4% 2.%a 2.60 2.54
SE " Q. 4@ 0.14 °l8 Ola& 0.13 0.14 0.11 008 0.11 O!QW
Interaction
FxP?F NS NS N3 NS NS N3 , b 1 RS N3
FxN NS NS . N NS us NS NS K3 N3
Px N N3 NS NS NS NS s N3 §S NS N3
PxPxH NS N3 NS RS §S NS NS 33 N3 NS
¥.ans of treatment set followed ny unlike letter(s) are significantly different at 5% level of
simific=nce using W7,

HS « Not significent.
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Table 6bs Interaction of N amnd MM en maot diamne toxr{em)
of carrot ai 6 wAS, sSamuru 1991,

Treatments — XA (%00 )

N (kg/ha) Q 28
0 1.58b 1.58b
50 1.56b 1.91ab
100 1.48b 2.1ha
150 1540 2e15a
S Ce16

i+
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The application of P§o5 had no significant effect
on root fresh weight (Table 7a),

Significant interaction between N and FYM on root
fresh weight/plant at Samaru 9 WAS was obscrved (Tulle 7b).
Root fresh weipght increised in responso to ) levels only
when combined with FYM, The maximum roo0t weipght was
obtained with FYM in combination with 150kgN/ha,.

While significant interaction between N and 9205
on root fresh weight/plant was obtained at Samaru at
6 WAS (Table 7c)e At O « 50kg/ha of either of N ox
2'05, the applicaiion of the other alone had no significant
effect on fresh root weight, Only at 100-150kgN/ha, did
the applicution of 100kz onsﬂm significantly incroased
fresh root weight when compared with the no fertilizer
treatiuent, The maximum root frosh weight was obtained
with the combination of 100kg P205/ha and 150kgN/ha which
was at par with 100kg P205 plus 100kgN/ha and 50kg onS

plus 150kgh/ha.
4.2,6 Total plant fresh woight

Significant increases in total plant frosh weight of
carrot plant in response to N application was observed
only during 8 and 9 WAS at Kaduwa (Table 8a), Each
succossive increage in N level produced significant

increase in the fresh woight of plaat,
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Table Ta: Root < resh weisht per plant(g) of carrot as influenced by the appliecsation of N, I and FM at
Samaru and Xadawa, 1991,

Wnaks Af ter Sowing
Treatment 5 6 T 8 S
N Qkg/ha) san Kad sam Xad san Kad Saa Kad san Kad
0 5.85 6.29 11.22 14.%0 20.%0 22.25 24,80 25.76be 24.624 2R,024
8 mo.u@ m'mm 12.45 14,82 nmﬁs 22.82 26,20 Nh'm_mﬂ 8.30 g.maﬂ
100 5020 5.68 12.66 13.68 20,00 21.69 28.40 26.99b 32.41b 33.76b
150 moN¥ ﬁa.wm 1530 4&04& 21.80 22.76 32. 30 29.62a 59.15a Hmo_.wm.
SR “.l 0.86 008 144 0.88 2.58 0.88 w.&# 0.00 OUQN ‘um.ﬂ
wmom (kg/ha)
0 4.61 5.04 9.97 13.05 1770 21.06 22,60 26.44 30.45 31.80
50 Ceo G.46 13.78 14.45 22.20 22.41 28,20 27.05 J1.52 95235
*8 ‘Noﬂm 40@& ﬁn\u.m _Wos 8.8 M.“lg WM.S Nﬂ.g U..MONN uMls
Ex (t/ha)
0 4.17% 4.55b 12.56 12.55b 20.10 20.52b 24.70 23.13b 22.55b 21.T7b
8 QQQQH moNND aM-B amomu. NOOS N&-Mt Uuns 8.8‘ SON# anmwﬁ
SE + 0.61 0.62 1.02 0,62 1.82 0.62 2.43 0.57 0.65 1.11
interaction
FxP NS n3 Hs Le RS NS NS N3 NS N5
F x N b B NS N3 NS NS NS NS N3 - NS
PxN NS NS " NS NS NS NS NS NS NS
e Fx W NS N3 q3 HY S Ny N3 NS N5 Hu
Hewns of treetment nat followed by wunliles lgttar{s) arc significantly differsnce st T loval of

simificance uaine ™MRT,

NS = Neot si nificant.
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Table 7bs Interaction of N and FYM on root frosh weight(g)

of carrot at 9 .WAS at Samaru, 1991

Treatmenta —_— Ao t/ha)

A (kg/la) 0 20

0 214540 27.70a
50 21.58e I7.21¢
100 22,91e %1.90b
150 2k ,17de 54%e13n
SE 4 130

Table Tes Interaction of N and P on root fresh weight(g)

of carrot at 6 WAS at Samaru, 1991,

Treatments ( pgfs kg/ha)

N (kg/ha) ] 50 _19¢0

0 9.52bcd 13+.22bed 10,91bed
100 6,04d 10,89bed  21,06a
150 10.,53bed 16,33ab 23.33a
sE : 2,49

Means followed by unlike lotter(s) are significantly
@ifferont at %% level of signifiecance using IMRT,
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The application of 100kg Pzﬁsfha resulted in
signiticantly higher totnl fresh weight than no
Phosphorous troatmenta at 5 and 6 WAS for Samaru
experiment, and at 5, 8 and 9 wAS at Kadawa, These was
no dilgulificant dirferencos in plant fresh wolght between
the O and %0kgN/hu troatmentis,

The application of FYM significuntly increased
total freslhh weight at Kadawa at all sampling poriods and
at Samaru during §5 WAS only,

Significant interacilons vetween N and FIM on the
fresh weight of plant were olLmurved at § ond 9 Was at
Kadawa {Tables 8L and 8¢ rospoctively}, At 8 WAZ, with
FYM application, total fresh weight of curroti luvraased
with N levels, Without FYM, there was no significant
difference between O and 50kgi/hu and also batwoen
50 and 100kgN, but the anplicailon of 100kg and 150keN/ha
rates produced significantly heavier plants than comtrol,
At 9 WAS the combinetion of 150kgN/ha with FYM produced
the best result, But with FYM there were no significant
rosponses tc lower levele of N up to 100kgN/he, Without
FYM however, cach additional level of N above the control

rosulted in simificant increass in plant frosh weight,
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Significant interaction among Ny, P and FYM was
observed in plant frosh weight at Kadawa during 6 WAS
(12 le 8d), The application of 150kgN/ha and 100kg ”z°5/“"
wiith FYM produced the maximum fresh weight/plant which
gignilicantly out valued all other treatment combinations,
But all vhe treatment combinations with FYM were at par
and signiticantly superior to those without ¥FYM, In the
absence of FYM, tolal plant fresh weight responded
positively to incrersing N irrespective of the P level,
Fiant fresh weight also increased in response to onS

at N levels or O to 100kg/ha but not at 150kgN/ha,

4e2,7 Zolel plant dry weight

aveval plant dry weight increased significantly with
increusing nitrogen levels only at Kadawa during 8 and 9
WAS (Tuble 9a), Total dry weight increascd in response to
P205 applici ion at 100kg/ha at Kadowa and Samaru during
8 and 9 WAS respectively, The application of 50 and 100kg
szj/lm also produced similar and wignificantly higher
dry woeights compared with the control treatment at

Kadava during 9 WAS,
FYM application significantly increased total plart

dry weight throughout the sampling periods at Kadawa
but only at 5 WAS in the Samaru experiment,
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sle Ba: Total plant fresh (g) of carrot as influenced by the applicstion of K, F and FY¥ at Samaru and

Fadawa 43* .
_Ygoks Al tex sowing

Treatnent 5 6 7 g 9
1 (ex/ha) i ‘nd <an Ed Saa Xad sea Rad sas kg
(8] d WO.N“ du'nwu RICU 30.*“ hmtqvc u.“._w-—_ ﬂa&. + 3 uo.. .wg- &alah-. Cn...—.”_. M
S0 1567 1574 24,70 24.74 3E.20 B4.T4A 5C.12 38,80 @ T1a.10 101.50¢
120 ﬂjla thQJ N....“u 3.0@ 41 <80 dlam 51 .m\ hdo‘u‘ﬂu .wmo.s 114420
150 14.32 14.75 Nm.m.b 24.74 41.50 gocwm 55.87 &mou\; 50,30 129,102
32 H a.g a.ho Nomo .—ou h.a .—.u W|3 o.md 608 N.Ud
s (xg/ha)
0 11910 12.12 20.50b 22.12 35.90 3217 46.00 3%.7T2 50.40 102,400
50 14.74ad 15.11ad 25,8080 25.16 25.120 3516 54.40 40.50ab 52,30 107700
190 -M.mr -m.m.w. N@QB’ Nmi.wﬁ hm_tg “mo.wm mwoAO 4 _‘mub m.mo.w)_u u.—moNOD
58 + 123 1221 217 1415 379 fe15 501 Cedd 5e73 2.0
Eni (t/ha)
0 adtg anng Nﬂ.g Ndlﬂc moﬂu UA.!C 5‘3 aoqm quuo gl.w..ku
3 n.~0§ Aﬂag. Nmtmﬂw M.ﬂ.aﬁ. b,_oﬂu “ﬂoamﬁ mmot &d-.ru.wﬂ Somﬂ aN._.woNQu.
vi# 1.42 0.99 177 0.54 5410 Ue 34 4.10 0.%6 4.72 121.04
Intoragtion
) 4t X ns i3 N3 3 NS No N3 Ry N NS
Fxhl N3 NS NS NS NS Ns Ns - NS *
Pzx35 NS as &3 (1 . 5 s Ko o 53 ks

XFXh N3 fo Ho o No b~ 99 B no "o .

Heana of trantment aet followed by 'ml ike lattar(s) are simnificsntly difforent (¢t 5 level of significonce

vs ing T,

KEs ot aignificant,
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Table 8br Interaction of N and FYM on total plant gx

frosh weliht (g) of cerrot at £ WAS, Kudawa, 31991,

Troatmont FYM_(t/ha)

N {l/ho ) _ Q 20

9 | 30.72g 414 79d

50 . 32.27¢8 hy.32¢

100 33.16F 50,58b

150 . 38 .84 53.86a

SE 3 0 0,72 ’

Table 8¢y Interaction of N and FYM on total plant fresh

weisrht (g) of carrot at 9 WAS, 1991,

rroatment iy {t/ha)

N (ka/ua) | 0 20

0 5k ,90h 122 .30boa
%0 | 80,00g 122.100¢
100 | 103,801 125,00b
150 . 116,00tcde 142,308
SE & 3.27

Moans followed by mlike lmtter(s) are significantly

differont at 3% levol ol signiticance using IMUT,
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Table 8d: Interaction of N :nd P and FYM on total plant

fresh welght (g) of carrot at 9 ¥as, K.dawa 1991,

Treatments N {kgz/ha)
FYM P,0,
(t/ba} (keg/ha) O 50 100 150
-9 o 56 ,50Cw £3=3Cuv  97.10qar 113,%0c-o
50 54,10uvw  85.,40q-t 100,60mn-q 115.20c-w

100 63.70u 91.20qres 113.70c~p 118,70C-m

20 o 121,70bel 123,50b-h 124,70cde 127,90be
50 123,10b=i 122,20b-3j 124,60b=f 136,10b

100 122 ,00b~k 123.60b-g 125,70bca 162,80a

Moans followed by uniike letter(s)} are significantly

different at 5% level of significance using DMRT,.
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Table 9a: Total plant dry weight (g) of carrot as influenced by the application of N, P and FIN at
Samaru and Kadawa, 1991.

Veeks After Sowing

Treatment = 6 7 8 9
N (kg/ha) Sen Kad Saa Xad Sap Kad Sam Kad Sam Kad
0 2.12 2.17 3. 41 Te17 5.95 12.17 4.26 17.57d 8.77 21.81d
50 2.81 2.86 3.97 7.95 5.53 12.96 2.12 19.49¢ 1M1.34 26.54¢
100 2.19 2.4 3.91 T.34 T.10 12.35 3.82 21.2% 8.46 30.10b
150 2.38 2.45 4,20 T.42 Uomu 12.42 4.82 Mh-m@. 8. ﬂm 35.10a
SE + 0.33% 0.33 0.42 0.3 0.58 0.33 1.20 0.31 1.10 0.3
PO

%5 (xg/ha)
0 1.88 1.98 e 37 T7.00 5«54 12,01 2.83 20,00 7.89b 26.70¢
50 2.40 2.47 4.15 7.50 6.72 12.50 4.15 20.79ab 8.47ab 28.61b
100 2.85 2.91 4.10 T.91 5.91 12.91 4.2 21.45a 11.1%a 29.85a
SE ....... 0.29 0.29 Oo“ 0.29 0.50 0.29 1. 0.27 0.95 0.34
L0 (t/ha)
o ‘.g ﬁ!@# u.s mog m"w .-.3’ “..NN ‘mc§ mog nm.mw
20 NaSﬂ Ncﬁ' U-mm 40@4. W.QN dN.@ﬂl Uo-w@ M_%-S. @o$ uﬂ.@”’
SB + 0.23 0.47 0.29 0.24 O.41 0.24 0.85 0,22 0.78 0.28
Interactions
FxP NS NS NS NS NS NS NS NS NS NS
FPxN NS NS Ns NS NS NS N3 NS NS Ns
PxN NS NS NS N3 NS N3 Ns N3 NS Ns
FxPxN Ns NS N3 NS NS NS NS NS NS NS
Means 6f trentment set followed by similar letter(s) are not significntly different -t 5% level of

significance using IMRT,
NS = Not significant,
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&.3-0 ble Y

The effects of nitrogen, phosphorous and FYM on
marketable root yield/ha at final harvest were

significant at both locations (Table 10a), The marketable
yield of carrot increased significantly with each

added level of N and 920’.
incrensed significantly the marketable yield/ha of carrot

Application of FYM also

at both loca&tions,

There were similar and significant interactions
betwveen N and P on the marketable yield/ha at both Samaru
and Kadawa (Tables 10b and 10¢ respectively), The highest
yield was obtained with the combincd application of
150kgN and 100kg onslhn at both locations, Significant
responses to P205 was obtained only in the presence of
applied Nj with significant differences between 50 and
100kg P2°5 at Kadawa but not at Samaru, In the absence
of P,0,, the difference between O and 50kgN/ha was not
significant, The difference between 100 and 150kgN/ha

in the absence of ons was also not significant but these

ldgher N levels produced much higher marketable yield

than 50kgN/ha, When 50kg P205/hn was applied, the

addition of N fertilizer significantly raised yield but

the differences between 50 and 100kgN/ha was mot significant
at Samaru, At 100kg rzosfh. each added level oi N resdul ted

to a significant increase in the yield of carrot,
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The interaction among N, P and FYM on marketable
yield of carrot at Kada « was significant (Table 10d).
In the absence of both N and FYM, the application of
P205 alone depressed the yield, But when N was also

applied, yield responded positively to on al though

5
the differences between 50 and 100kg P205/ha was
significont only in the presence of the higher N level
(150kg/ha), The difference between 100 and 150kgN/ha
was also not signific.nt except at the highest ons
level (190kg/ha). When FYM was applied, the addition of
either N or p205 fertilizer significantly increased
yields, but the differences between 50 and 100kgN in

the absence of ons or 50 and 100kg P205 in the absence
of N were not significant, The difference between

0 and 50kg 9205 at the 50kgN/ha of N was also not
significant, The best treatment was the combination of
100kg P,0, and 150kgN/ha followed by 100kg P,0, and
100kg/ha, all in the prescnce of applied FYM,
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Table 10a: Effect of Ny, P and FYM on the marketable
yield of carrot at Sam ru and Kadawa, 1991,

—

Treatments ___XYield t/h (tons)

N (kg/ha) Samaru _ e Xadawa
(¢} G.10a 12,824
50 12,26¢ 15.82¢
100 15.44Db 20,31b
150 20,01a 21,50a
SE + 0,29 0.17
quih(kg/ha)

0 10,54%¢ 15.57¢
50 13.38b 18.14Dp
100 16, 16a 20,652
SE # 0.25 C.15
o 10.49b 15,06b
20 16.89a 20.42a
SE & 0.20 0,12
Zateractions

F x F N3 -
FPxN NS -
Px¥ * N

F Xxr xis

Moans followed by similar letter(s) are not significantly
different at 5% level of significance using DMUT,
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Table 10b: Interaction of N and P on Marketable yield/ha
(tonnes) of carrot at haxrvest Somuru, 1991,

Treatments P,0p (ke/ha)

N (kp/ba) 0 50 100

o 10,384 9.833 10,084
50 11,624 18.30defg 18.85de
100 17.57efgh  19,73cd 21,03bc
150 18.58def 21.67ab 22,67a
SB + 0,50

Means followod by similar letier(s) are not significantly
difforent at 54 level of significance using LMRT,

Table 10c: Interaction of N and P on marketable yield/ha
(tonnes) of carrot at harvest, Kadawa, 1991.

P,0, (ke/ha)

Troatment

N (xg/ha) o %50 100

° 13,2013 12.83j 12424
50 13.821 17.18efgh 17.950
100 17.40efg 30,62d 22,.92b
150 17.87ef 21.93¢ 24, 70a
SE + 0.30

Means followed by similar letter(s) are not significantly

different at 5% level of significance using DMRT,
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Table 10d: Interaction of N, P and FYM on the m.rketable
yiold/ha (tonnes) of carrot at harvest,

kadaua. 1‘)9‘ -

Treatmonts N (ki/ha)

™™ (t/ha) P205
(ke/ha) o 50 100 150

0 0 12.17u 9,67y 16,60m 15.67n-s
50 C53vie 15.830=1r 17.5Th=nr 18,57hi
100 8.'3w 16,50m0 18,73h 21,40e

20 0 14,23t 17.97h=1 18,20h-k 20,07ef
100 16, 40n=y 19,40fg 27.,10ab 28,00a

Means followed by similar lettor(s) aro not simificantly

aifferent at 5% level of significance using, DMiT,
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4.4.0 Zotal soluble sugars (¥)

The effect of the treatments on total soluble

sugar content of carrot root is presented om Table 11,
Only nitrogen applica ion significuntly affected the
total soluble sugar content, Each successive incre.se

in the level of N up to the highest of 150kgN/ha resulted
in signilicant increase in the percent, Soluble sugar
cantent of carrot roots, Highest rate of incrense in
percent soluble sugar occured when the level of N was

raised from 50 to 100kg/ha.

The application of phosphorous and FYM have mno
dignificant effect on total soluble sugar content of
ecarrot, No signific:.nt interaction was observed among

the treatments on total soluble sugars,
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Table 11: Total soluble sugars (%) of carrot as
‘ influenced by N, P and FYM application

at Samaru, 1991,

Treatments Total soluble sugars (%)
N lkg/ha

.« 6..8 "a

se . 8.8%9¢c

100 | 12910

150 15.22a

SE + 1.02

2,0, (ke/na)

0 9,99

30 11426
100 | 11.66
SE + 0.88
FYM {t/ha)

0 10,49
20 ' 11.45
SE + 0.72
Interactions

Px?P NS
FxN NS
P x N NS
FxPxN _NS

Moans followed by similar letter(s) are not significantly
different at 5% level of probability using DMRT,

NS = Not significant,
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Table 12 and 13 shows the relationship among
some of the parameters assessed at Samaru and Kadawa
respaectively,

At Samaru, marketable yield/ha was found to be
positively and significantly correlated with all
the parameters assessed, There was also a positive and
significant correlation among the parameters except
between root diameter and plant height and between total

fresh weight and total dry weight which were not
significant,

At Kadawa however, marketable yield/ha was positively

and highly correlated with the parameters assessed

and all the parameters assessed showed positive and

highly significant correlation among themselves,
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Table 13: Sémple correlations between yield and various growth and yield parameters of carrot at Kadawa,

1991 dry season.

1 2 3 4 5 5 T 3
1 1.0000 -
2 0.7178%*+  1,0000 -
3 0.5070%*  0,4549%* 1.0000 -
4 0.8726%*  0,7050%+ 0.39308*  1.0000 -
W. o.*mm.. °i %‘. OO wwu_: olqgﬁt n Og -
6 0.8185%%  (,5042%« 0.4350%*  0,8006%*  0,7436** 1,0000 -
7 0.9083%*  0,7539%* 0.5435%** 00,9358+  0,8760** 0,7141*+  1.0000 -
8 0.7212%*  0.6525%+ 0.4684**  0,7879**  0,7966%*+ 0,6021*+  0,7884++ 11,0000
* = Significant at 5 level of significance (0.232)

** = Significant at 1% level of significance (0.302).
1. Root yield/ha, 2, Root length, 3. Root diameter, 4. Number of leaves, 5. Root fresh

weisht

Variables:

6. Total fresh weisht, 7. Total dry weight and 8, Flent height.
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Table 12: Simple correlations between yield and warious growth and yield parameter of carrot at samaru, 1991

dry season,

! 2 p | 4 5 6 7 3
f. 1.0000 -
2.  0.6271*+ 1.0000 -
3¢ 03117** 0436724+ 1.0020 -
4. 0.,25%32+ 0.2489+ 0, 2994~ 1.0000 -
S« 0.5487**  0,2957* 0.,3190%*  0,3050++ 1.0000 -
6. 0.2936+ 0,5850 %+ 0,8733%+ 04733 0. 7464 ++ 1.0000 -
T 0,276 0.5545%« 0.7261 %> D0e4761 % 07034+~ 0.2022'3 1.0000 -
8. 0,257+ 0.2740* 0. 1695Hy 0e2257* O.2428% 0.6951%*  0.23135* 1.0000

Ni = Sot significant

* = Signific:nt at 3¢ level of significance (0,232)
“* w Significant at 1% level of significance (0,302)
Root yisld/ha 2, Root length 3. Root diamelar,

6. Total fresh weight, 7. Total dry weight and B,

4, lNumber of leaves, S, Hoot froah welg

Veriablea: 1,
Flant height.
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CHAITER 5,
DISCUSSION
5.1 B itro en the G h,
[ ie lar .meters rot.

In this study, the application of mnitrogen
sinmificuntly incroecased all the gro th and yield
paramcters measured at la'.wa exce;t root diameter, but
sipgnificantly inereased only some parameters like number
of leaves/plant, root longth and root fresh weijht at
Samaru, The obsorved difference in the two locations
was probably due to the sliglhitly hi/her orgunic umatter
content of the soil at Kadawva compared to Samaru, Dut
most probably the differences must h ve resulted from
partial washing avay of sceds experienced at amaru which
resulted in poor germination, seedling establishmont
and growth and consequently tho failure to respond to
N esp clanlly at the earlier growth stages, Geneorally,
there were greater roesponse: to N during the later
stages of cro; growtiiy, This could probably be that, N,
required at the initial stu;je for various physiologiecal,
anantomicnl and mor;holopgical proce ses is so high that
only 150k:li/ha could ive obvious differences und the
general N effect only nanilested itself at the later
stuges of growth, Illowever, this finding a Tees with
those of lMalik (1973) and llipps (1978), who reported

similar late resjponses of currot to N a;plic tion,



56

The ability of N to sigmificiuntly affect those
growth and yield parameters is Xdue to the fact that,
it emhences vegetative growth as it is an importaut
constituent of chloro ,hyll, amino aecides and nucleic
acids (Sauchelli, 1978),

Although root diameter was inerensing with age,
such increases we e not significontly influenced by N
levels, On the other hand, root length responded well
to N application, It is likely that the growth in girth
(diameter) is less responsive to N than the growth in
length,

Southward and Miller (1962), Linser and Zeid (1973)
and Otani (1974) have all reported significant increases
in growth and yield parameters of carrot from N application,

The application of nitrogen significantly increased
the marketable root yield/ha at both locations, The
yield inerease was significant with each increasing
level of mitrogen applied, A regression analysis of the
data showed that the response to N was linear (Fig.1),
Thus, indieating that the optimum level of N needed for
maxirum yicld was not reached at 150kgN/ha, This
observation is in agrcement with that of lichalik (1985)
who reported that yield continued to increase with
inereasing nitrogen upto 400kgN/ha, Green (1973),

Mazur gt al., (19743 1975), Geiusler and Rudiger (1980),
and Orphanos and Krentos (1988), have all reported

significant increases in carrot root yiolds with N application,
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5.2 The Effect of |los horous on Growth,
Yield and Yield Parameters of Carrot

Response of most growth and yield characters of carrot
to phosphorous application was found to be more pronounced
at the later stages of develoyment except in the case
of total plant fresh weight, This was probably due
to the fact that the available soil P (8,04 and 8.,47ppm
for Samaru and Kadawa, respectively) adequately met the
needs of the crop during initial growth,

The application of phesphorous had significant
effoct on plant height and root length only at Kadawa,
This was probably because crop establishment and vigour
wvere better ay Kadawa than at Samaru, Slight water<=logging
of crop at the early stages of growth in Samaru may have
adversely affected crop response to P application
especially that it was applied basally,

The responses, particularly for number of leaves
and total plant dry and fresh weights at both locations
were more marked at later growth stages when the crop
was at root bulking stage, During this phase of growth
the demand for the production of photosynthates by the
leaves and translocated to the roots was probably higher,

The application of phosphorus had no significunt
effeoct on root diameter and root fresh weight at both
loc tions, and only the application of 100k ons/ha

produced significant difference on root length at Kadawva,
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As in the case with nitrogen, reasons for the lack of

response of root diameter to Pko applic.tion is not

3

very clear, Probably, the:e root character is more

under genetic control and less sensitive to fertilizer rates,
The yield of carrot root was significantly increased

with each added level of phosphorous fertilizer at both

locations, The response to I' was linear (Fig,2) as vas

the case with the respcnse to N indicating that maximum

yield of carrot may require more than the 100kg P205 level

tested, 'hosjhorus is reported to be necessary for

good root develoyment ( Chavarria, 1985), Carrot a a

reot crop, may therefore have high demand for phosphorous,

Groon (1973) and Mazur ot al., (19743 1975) have all

reported significant increases in marketable root yield

with phosphorous application,

5.3 The Effect of Faruyard Manure (F¥|) on

( d da P 1) 8
Larrot,

The application of FYl. significontly increased all
the growth and yield characters me: sured at bothh locations
except root diameter at Samaru, The ability of FY! to
significantly influence these characters at both loecations
may probably be due to the fact that it supplies mitrogen
and phosphorous as reported by Mokwunye (1977), and also
its ability to improve the physio=chemical propertics of
the soils (Ajakaiye, 1971) resuiting in better soil

conditions are better nutricnt availability,
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Yield of carrot root responded significantly to
FYM, Apart from the ability of FYi to sup)ly nutrien.s,
and improve the physio=chicnical conditions of the soil,
it as well helps in the gradual release of its nutrients
into the s~il, which makes it an ideal input for good
carrot crop, Moreso, the FY! had high organic c..rbon
content (13.51) and 14,21% for Samaru and Kadawa
respoctively and other mocro and micro nutrients such
as Ca, Mg and Fe which ar essential for good crop
growth, These findings are in agreement with those of
Austin et al (1963) and Mazur and Gronowicz (1974), who
observed simmific nt incrensos in growth of beth tops

and roots of carrot with FYM application,

5.4 Effects Nitrosae Phosuh
{ t Solub S s (<
Carrot yoots,

Total soluble sugar content of carrot root ros onded
well to N fertilization, Improved vegetative growth and
photosynthetic activity in response to N applic tion may
have been responsible for increased sugar production,

This observ:tion is consistent with that of Habben (1973),
who observod increzsed content of total supars from
nitrogen application, lowever, Michalie (1985) observed
a decrense in the content of monosascharides at high

rates of nitrogen (400ksN/ha),
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The application of phosphorous and FYM had no
significant effect on total soluble sugars, Soloven and
Lapuskina {(1978) also, did not observe any appreciable
effect on the accumulation of Vitamin C, Carotone,
thiamine and ribefluvin as a result of phosphorous

application,

5.5 Interactions

Significant interaction among different treatment
combinations on growth, yield and yield parameters were

observed at different times at beth looations,

54541 trogen x Phospl u

Significant interactions were recorded between
nﬁtrogen and phosphorous on plant height at Kadawa,
nunber of leaves/plant at Samuru, and on marketable root
yield/ha at both locations.

The trend of the results obtalned from these
interactions showed strong complomontarity between N and
Py, in that significant reaponses to N were obtained only
in the presence of P, and Vice-versa, Thus, the
combination of the higheat levels of N and P gave the
maximun growth and yield values although this was
comparable to the applicaticn of 150kgN/ha with 50kg
P205/ha and even 100kgN/ha with t00kg P205 or 50kg onsfhn
produced comparable results in most cases, The complbementary
effocts between N and P and their aipgnificant interactiiona
is probably due to the fact that phosphorous enhences

the rate of nitrogen translccation as phosphorous
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deficiency reduces nitrification and thus efficiency of
applied ammonium fertilizers (Balasubramanium et al., 1979).
Similar findings were reported by Emura and Hosova (1979)
that yield of carrot root reduced when excess nitrogen

was applied without phosphorous,

5¢5.2 Nitrogen x FYM

Significant interaction were recorded betweon
nitrogen and FYM on plant height, root diameter and root
fresh weight/plant at Samaru and numbor of leaves/plant
and total plant fresh weight as$ Kadawa., Root length/plant
was signific nt for both locations,

The interactions showed in most cascsy, that the
application of mitrogen without FYM had no significant
effect on growth and yleld parameters except for root
lengthj and also, when the highest level of N were applied
alone, it produced comparable effect to the combination
of FYM with lower rates of N, This result suggests FYM
as a supplementary source of N when inorganic N was
applied at lower rates, But at the highest fertilizer « N
level there was less need for FYM as a source of
supplementary N, In certain instance like on mumber of
leaves, the application of FYM at without N, preduced
comparable effect with the application of only 150kgN/ha,
This strong complementary role of FYM on N is probably
due to its ability to supply not only N, but also other
nutrients and to improve the general soil conditions and

thus the efficacy on nutrient utilization, This result
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agrees with that of Magur and Gromowicz (1974), who reported
maximw  ield of tops and roots when N was applied with
FYM,

5.5.3 Fhosphorous x FYM
The phesphorous x FYM interaction was significant

only on plant height at Kadawa and number of leaves at
Samaru,

At Kadawa, with the application of FYM, the addition
of phosphorous fertilizer led to significant increases
in plant height, But there was no response to P in the
absence of FiM, This was probably due to the fact that
P has little direct influence on vegetative growth
compared with FYM which supplies in addition to P other
essential nutrients including N which has greater
direct effect on vegetative growth, It was also the
same at Samaru on number of leaves except that, the
application of 100kg and 50kg onsjha produced comparable
effect to all the treatments that received FYM, These
observed significant effects were probably due to FYM's
ability to increase absorption of phospherous (by 32%)
by discouraging fixation of phosphorous as reported by

Brady (1974).
5.5.4 Nitrogem x Phosphorous x FYM

Significant interactions among N, P and FYM were
recorded on total plant fresh weight and root marketable

yield/bha at Kadawa,
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The combination of the highest rates of N and P
with FYM produced the best growth and yield, but without
FYM, high rates of N and P alone gave lower crop
perfoimuance, These results could be attributed to what
Dennison (1961) maintained, that the full bemefit of
FYM appears only in combination with suitable inorganic
fertilizers, The highesi market.ble root yield/ha result
was obtained when the highest rates of N and F were applied
with FYM, This could be due to the fact that, combination
of fertilizers especially with FYM has becn observed to
incrai se their utilization at higher levels of application
(Dennison, 15613 Mertia and Chauhan, 1970; Alieu, 1972).
The rcsults of the findings also agrees with that of
Magur and Gronowicz (1974) who observed increases in both
tops and roote of carrot when N, P and X were combined

with FYM,

5.6 Correlation

A significant and positive correlation was recorded
between marketable root yield/ha and all the parameters
tested at both locations, This positive and significant
correlation shows that, the parameters assessed are the
eritical determinants of carrot yield, This is because
as the growth related parameters increases, the yield
and yield parameters also increases, It is probably so
because there is no determinate growth of both tops and
roots of carrot (until at very late stages) as in some

other crops, This result correborates the findings of
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Woodman (1943), who reported positive and significant
correlation between yield and nmumber of leaves, plant
height, root length, total plant frosh and dry weights,
All othor parumefors were powitively and significantly
correlated to ecch othor except between oot diameter
and plant height, and also between total plant fresh
weight and total plant dry weight at Samaru which were
not significant, This is probably because of the near
counpetitive growth between reot expansion and increase
in height or increase in fresh weight which implies
higher wator content and decreasing dry matter percentagej
thus weakening the relationship between these pairs of
growvth parameters, The result obtained agrees with
the findings of Ceissler and Rudiger (1980) who observed
positive and significant correlation between most of the

parameters they measured,






