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ABSTRACT

Two field experinents were conducted during the wet
season (June - Cctober, 1906) and the dry season (January -
May, 1907) at Samaru in the northern gui nea savanna
ecol ogi cal zone of Nigeria to study the effect of growth
regul ators G bberellic (GA;) and Indole Acetic acid (IAA)
and Kinetin (K) and their conbinations at 300, GOD, 900 pprn

on growh and yield of onions (Alliumcepa L.).

The growth regulators were nore effective in the wet
season thnn in the dry season. The treatnent of
G bberellic acid and kinetin at 600 ppmwas the nost effective
conbi nati on showing significant effects on the total fresh

wei ght and bulb fresh wei ght.

In the dry season, G bberellic acid, at 600 ppm hod the
hi ghest effect on the total fresh weight, bulb and |eaf

fresh weight and bulb dianeter.

Kinetin (K) had an inhibitory effect at (900 ppm
hi gher concentrations while Indole Acetic Acid (1AA) hri a
stinulatory effect at the same level. |AA had no effect

at low concentrations (300 ppm).
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Ehepter 1

INTRCOUCTION

Onion (~llium cepa L.) hbelongs o the Tomily Lilincece

ond is o biennial plant. #Amang all the vogetables it ronks
second to tomatoe in importonce (Jourbert and Strydom,
1968). The crop is reperted tn have recoived its name from
the Jews, aofter the name of a city colled *Onion', built

by the Onias in 173 OC ncar the Gulf of the Suez, which
hed its existonce for 243 years (Nagei, 1964), Vavilov
(1951) reperted that oninns originated from the Central
hgietic region of the wnrld which includes North Paekistan,

hfganiston and Eastern USSR,

The world tntal production of onien in 1976 amounted
to 13 million metric tons and worth nver 299 million US
dollars (Anon., 1976) which has ingreasco steadily from 11
million tonnes. in 1969 to over 19 millicn tomnes.in
4979 (knon., 1970b, 1900). The United Stotes of hmerica,
China, USSR, India and Jaopan are the world's leading
(irocucers. Substantinl commercial gquantitics are producoed
in some West wfrican countries imcluding Nigeria, Niger,
Senegal, Ghona, Ched ond Cemeroun. In Nigeria, onlon is
particularly important in the drier parts of tho Northern
Gtates; espoecially arcund the citles of Sokoto, Wono and

Meiduyuri (Inyang, 1965),

For better yield, the crop is grown on highly fertile



and slightly acidic oand well dreincd socils and silt locams
(Edmund‘gl‘gl., 1964). The crop is plented along the stroem
bnnks of Fadamas in Northern Nigerino botwecn letitudes of

L= 13 'N (hnUn., 1JC1, 1965).

Cnicns are eithor cocked or caten raw. They arce
important ingredients in various typos of dishes; onions
ccntain o variety of eminc acids, high amount of proteins
and sre rich in ribofleovin ond calcium (Jones oantt Mann,
1963). Their charncteristic pungent flovour is due to the
presence of an aromatic veletile oil, allylpropyl sulphicde

which is commonly usecd ns a flavouring agent.

There arc two types of cnions in relation to its
colour. The first one is the white cnion which is less
pungent and ore used mainly for consumption whercos the
cther type is the red type which is mainly used for
medicinal purposcs and is more pungent (furseglove, 1972).
The red onions are morc resisteont to discnses anid pests
and have a wide range of tolcrance to thoe various extremes
of environmentzl conditions thus utilized in vorious rescorch

tricls and experiments.

Since onicn has a vital role to play in agriculturnml
production ond is consumed ns o very importont vegetable,
it is necessary to exemine the physinlngical factors that
may limit its growth ond yield. Studics of the cffects of

growth promoters hoave been corried put on varicus crope



such as tomotoes (Roy ct al., 1973), poas (Ridnge, 1975)
3 carrots (Sinhs anc VYerma, 1974), sugserbeet (Winter, 1954)
pnd Onions (Lipce, 1979; Glivarcs oand Manuel, 1961). Isaac

(1905), in a aturdy on the offects of Iha, G, and K at .1,

3
1.4, 10, 100 ppm on onicn bulbz obtaincd positive offects
nn growth and yield. The combinations of the three growth
requlators at low concentrations showod inmcressed growth
anver the conteanl. This preliminory investlgetion carried

out in the glasa=-house, geve results which needed further

detailed confirmetion wnder field concitinne.

The present study wng, therefore, unrertaken to find

the effecte of the growth regulators, IiA, GH3 znd K and

their combrinations on onicn growth and yield.



Chapter 2

LITEnTURE REVIEW

2.1 Gonorel Effucts of Growth Hegulotors

On Growth gng ¥Yield

A growth recoulatur is an nrganic compount (other thon
g nutricnt) which in smoll amounts (£ 1 @M° + ) promotes,
inhibits nor gualitatively modifies growth and develapment
(Moorg, 1979). The eommonly rocognised plant growth
regulators are auxins, glbberelins anc cytokinins. The
pleant hormones ore extremely importent agents in the
intograticon of dovelopmentnl octivitles and they olsn are
cocncerned importantly in the response of plants to the

external physical environment (Maorc, 1979).

2.2 Genersl Effgcts of Icdoleacetic Acid (I4.)

went (1920) proposerd that without auxins, there will De
no growthe. Almost wvery dynamic aspuct of plant growth ond
developwent seems to be affoectod by auxinsg in ardition to
cell elongation, cpical dominance and abscission processos,
there are effects on Flowcr initiation ~nd development,
pollen tube growth, fruit set and frult growth, the Formetion
of compression wond in conlfoers, tubers ond bulb formetion

end aseed germination (Leopcld, 1501).

Oy spraying auxins oun water mclons, summer squeshig,



hmllg and tomatoes, secdless frults could be produced
(Wilson and Lonmis, 1957). ~ mixture of auxins produced an
apprecisble aeffoct an the size of treated potatoos (Akmed
and Sagar, 1561). Ridge (1975) found also that swellings
ware induced on etiolated eplcotyls of peas when treated
with IAA ot high levels. Treatmonts with auxins ot 100 ppm
on egg plents showed maximum effect on roating and
production of frults (Slddigqui ond Khan, 1970). UWhen

plonts of Datursn innoxia were treacted with TAA At 100 and

160C ppmy growth and slkaloid comtents increased, 1C0 ppm

being more effective (S9inhs anid Verma, 1974).

2.2,1 Effect ofit lplegeetic ncid on growth and yield of

nnions

Stucies involving nuxins on oninns have been confirmed
mzinly to the prevenmtion of sprouting during stornge
(Tabing and Gonzalez, 1956). weusta anc York (1557) worked
on the onion plants trooted with molelie bydraxide and
guxins. They fuund $het auxins hed an offoct cn storane of
the ounion bulbs aftor horvest. Clivarces ond Manuel (1962)
Found that the affects of auxins in doy lengths and
temperature were found fovouroole for bulbh formation and

development of ocnlons.

Auxins ot vory low concentrotions were found to promete
germination of onlon seids, while @t higher concentrations

germinotion wos not only retorded but it was also reduced



(Fandey nnd Sinha, 1979). Wwinter (1954) found that the
formation of cembin in decepitated onlon ond beet plonts
coulc be stimulated by the =pplication of auxins. When onicn
scedlings were trermted with ouxins alone ond auxins combined
with GA and Kinetin there was o positive effect on the
cdevelopment and size of bulbs at a high concentration of

10C ppm (Isaac, 19C5).

-l

2.3 Generanl Effect of Gibberellic ~cic (ijl_

although its effects may vary with various plants,

GA, has powerful effeccts rn stem growth pnd it exerts

3
regulatory effects on plent develepment (Leopold, 1901).

bural et al. (1975) found thot Gk, increesad plant height

3
end prevented flower blindness.in tulips. Dormancy bresk
ond the tronsition to active growth were cccompanicd by o
shert rise in gibberellin octivity in gorlic bulbs
(Rekhimbaev and Cl'shanskayz, 1971). Ferennec and Crosnier
(1971) soeker! tubers of poteto cv. Ointjc and Siternz, in
Gh3, and found an incrensc in the yicle =nr! size of tuberse.
In addition, bud development ond stolon diffcrentintion were

premoted censequently resulting in incronscs in the numbers

cf stems ond tubers, after the socking treatment.

2.3.1 Effect of gibberellic pcid on growth and yield

on onions

Inhibitions cf growth retardents such os N, N, dicthyl

2-oxo=morpholinium (DEOMC) and chlormequnt (CCC) were nullified
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by Gﬂ3 Qhen treaterd on six-tay old onion seediings cv,
Wolska (KWnypl, 1979). Lipe (1975) noticecd thot Gy incrocsed
the number of leoves per onlon plomt and percentage of
nlents initinting multiplo growing prints, EH3 increngcd
bolting in Autumn plomtod yillow Gremn Onicns when applicen
flve times at 500 ppm, while a single trcotment or hilghor
concentretions of Ghj had no effect on bolting nr total seed
yields but it limited sced yield poer umbel (Corgan and
Montano, 1975)., UWhen Ghj wns used un onion bulbs cv. Grong,
at C, 50, 150 and 450 ppm; 50 ppm treater bulba showed an
emergence nf 00% florel stems and incronse of flower stem
height, while generslly the GHB trected plents producer)
larper and more productive unbels, increasing seec yield

by about 30% withuut affecting viability (Noammi ot gl.,.
1980) GH3 has heen reporten te be more effective in
lngrezsing onion growth than other growth recpulators

(Olivares and Manusl, 1962).

2.4 General Effect of Kinetin (W)

Their rele oo plants has generally been recognised re
being so wideaprecd that it includes snme aspeots of growth
and developments The involvement of cytokinins in
tuberization and in tuber develocpment of potatoes bos been
reported by Vanstaden and Cimelle (1976, 1977). Yoshide;
et sl. (1971) sugyested that supply of kinetin on the routs
nf the rice crop controls yield. Falmer ane Smith (1963)

reported stimulotion of tuber Formetion in pi.tato stems.



Cestro gt al. (1975) found that the perecntoge germinatbn

by Kinetin of hot-watir treated sugarcone stolks wos not
nffected by dipping them in growth regulntors but kinetin
(3CC ppm) and Ik (L0 2ne 250 ppm) has o pusitive effect and
Gh3 (5CU end 200 ppm) hed a negative offect on shaot growth;
Iin at 250 ppm incrensed the dry weight of root and shooctse

Kinetin when trected nlong with Ini and Ga, had no effect

3
on tomatoes habit of growth (Fricono gt ol., 1975). Uptoke
of 1“60 wns fovoured by kinctin when treated on callus of

2
lemon stems (Hoffman ond Lenz, 1975). The invelvement of

several growth regul~ting substances such as sytonkinins in
tuber development hoeg been reported! by VanStaden »nrd Dimglla
(1976). OCiswas =n Choudburi (19780) and Ray and Choudhuri
(1901) suggested that rice yield by kinctin treatment ns
indicnted by higher mobilizotion index and horvest index,
might be mediated through inecrcsscdlomjevity of leaves,

which perhaps contributed to grein filling by enhuncing the

duration of photosynthetic supply to graoins.

24441 Effect of kinetin on growth and yield of onions

Dipping onion ond tulip bulbs in mixture of kinctin
nleng with Ink + GHB irproved their propagation co-efficient
more than a leof spray of the some mixture (Mugge and
Richter, 1975. Cytokinin sctivity was studicd in tho bulbs
¢f garlic ond cnions stored for eight weeks at 4°C; the low

temperature stimulated the sccumulation of cytokinins in thoe
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tissues (ilakhimbacyv and Solowmina, 1380). Effects of

kinetin, along with IAA enrl G4, at concentrations of 0,1,

3
1.0, 10 and 100 ppm were studled on onian Lulbs, thore was a
- rositive offcet with kinetin at the lowost cuncentpeticn,
while at the highest concemtration there was an inhibitory
effect (Isanc, 1905), Kinetin acts ms o promnter of cell

division in various crops including csbbage, tomato, onions

etec. (Janick, 1972).
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Chapter 3

MHTERISLS AND METHCOS

341 Description of Experimontrl Site

The fleld experiment wns concducted in 1906 and 1907.
The 1906 trinl wes conducted during the rainy season, at tho
Horticultural Field Unit of thc Institute for Agricultural
esearch (I.h.R.) Samaru, Zaria (117 41'% anc 07° 30'E and
606m nbove sea lovel) while the 1907 trial was conducted
during the dry season at the Lhmadu Gello University Fara,
Samaru, Zaria (117 10'N and 07" 3G'E and 606m abave sea

level).

The suil at the experimentzl sites were mainly silt
loam and partially droined. Petails of the physiochemical

cheracterjstice of the snils are shown in Teble 1.

501l samplings were done in thie two Fields, eech at o
depth of =15 and 15-30cms. The gnil samples were analysco
t0 dotermine their physio-chemicel propertics using the

procedures by Nlack (1965).

L4

wfter the anslysis it was found thot supoer phosphote
and CAN (calcium ammenium nitrate) should be edrled to incroease
the levels of nitrenen and phesphorus in the scil for tha

growth of the oninn plants.
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Tahle 1: Fhysico - Chemical Fropertics of Soil of the
Horticultural Field Unit, Tii and the 40U Farm
Samaru dupin: the et and LUry Scason.

Hort.Field Unig - A.O0.U. Ferm
oi1]l Choracteristics b
b J=15cm | 15-30cm) G-15cm ! 15-30ck
Fer cent Clay D0 2.0 LoD 12 .0
iFer cent Silt 53.5 47.0 53,0 400
Fer cent sand 42.0 4.0 41.0 L4ija0
Class ?é;; Laam ?éé; Loam
pH in HZD : 5.25 5.3 5.0 5.05
nH in EaEl2 5.0 5.1 5.35 5e55
Organic Carbon (%) D7 eb .95 U.95
Total nitrogen (%) D.06 Le? 0.0 {1.00
Aveilable phosphorus (ppm) 5.09 7o 41 5409 5.96
Totel phosphorus (ppm) 100,47 | 124,72 | 91.39 97222
C.E.C. (Meg/10Gg soil) 4495 4.0 7400 (e95
% Basc Saturation 49.20 52.55 |55.91 4ha 006
Exchamgeable Dases (Meg/100g « i
s0il) l
Ca 2039 1465 2431 2420
Mg 0440 CotsG | 1.22 1419
K ' “(1e25 } (.25 Do bk Laly3
Na 1 BT 0u80 | 0.80 Ca?7
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3.2 Trootments, Txeporimental Design and Flot Size

Doth éxperiments were lald cut in a rondomized cnmpiute
l2lock design with foctorlal arrangements cond had the followlng
trcatmentsi-  fthroc crowth regulators (I, Ehz, KY ant!
three concentrations (300, 6UC and 900 ppm) of zach growth

regulator.

There was a control treatment withouwt any growth
regulator. & totel of 22 trogtments replicated throe times
i.e. totel plnt number wes (21 + 1)3 = 66 treatment pluts.
The plot sizes were 3.75m2 antl 2.25m2 for the 1906 wet

segsnn and 1907 dry seasnn, respectively.

3.3 Fieglt OGperations

J.3.1 Land proparction and fFertilizer epplicaticn

The fields werc ploughed and harrcwed. Bunkeon berls
were made during the dry seoson while beds were ralsed during
the wet aseason for edequete woter retention and flow,
rcspectively. Qefore the preparation of the beds, the
experimental site recedived 11kg of well-rutten Farmyard
mohure per squore metor which was thorcughly mixed with the
top soil. Thoe experimental site also recelved a basal

application of 45kq }/ha-1 ma single superphosphate (1&%'P205}.

Nitrogen was applivd at the rate of 65kg N/ha"1 os

calcium ammonium nitrote (26% N) im two split doses. The first
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dnse was appliod twn wecks nfter tronsplanting and the sceond

weg epplied four wceks later.

3.3.2 Nurscry practiccs

In the nursery, thie sceds of ded Kano cultivar, were
sown into trays containing sterilized scil on 16th May, 1906
for the wet season trial ond on the 6th Nevember, 1906, for
the dry season triol. Seers were drilled in rows 10 - 15cms

apart and 1%cms deepe.

The scer trays were mulched to prevent wnshing during
the reins and toc decrcnsc eveporation from the soil during

the dry season.

3433 Preparation of the growth regulctor solutions

Five hundred miligrems cof the Ii/ end Gh3 powder was
token and dissolved into 2Cmls of scdium hydroxide (Ce1N)
solution, whilec the seme amount of kinctin was taken and
dissolved into hydrochleoric ecid (U.10N). The sclutions were
token made up to 50GLml  seperotely with rdistilled water.

These stock soluticn were then diluted as neccessory in order

to nbtain the different requircd concentrotions.

3¢.3.4 Seedling transplonting

nfter six weeks of orowth, the scedlings were corefully
uprccted and washede They were thon dipped into the already

prepared growth regulator scluticns for five minutes buefore



b
transplenting into the field, at the spocing of 10 by 20cm

i:er plot.

3.3.5 Crop protection

Hog weecinc wos done ot reguisr intorvnls since onions
compete very poorly with weeds. Gpecisal hend hoes were uwsed

in order not tc compect the soll unduly.

Onivn twister dliscasc was treoted during the wet senson
with Benlate and Sithance MLE applied at the rote of 2.5k
oisha”'. Plants were sprayed at weeckly intervals, slthough
complete contaol was not achicwerd. Durding the dry seasgon
the crops were froc of the twister disesse, thergfare, thore

was no need for applicotion of any fungicides.

3.3.6 Horvesting

When 50% of the tops in the fleld had fallen over,
the onions were harvosted. The onions were corefully
pulled by hand ensuring that the roots were not completely

destroyed while uprooting, For sampling.

3.4 Dapte Collogtion and Dbservatinns

Jelte Sampling

Five plants werc randomly selected from each plot for
sampling. DOuring sampling ot an interval of four weeks,
various parameters were recurded, which incluidled frosh weights

of bulbs, lesves, roots, dry welghts of bulbs leaves, rmotga;
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totol fresh andd dry weights; leaf ares, number of ieauma,

bulb Mamgter znd hcights of the plants,

During sumpling, tho brnlting percentngu were noted
ang resorted. Therc woere —lso certain risubile bulbs obtoined
which were recorded. The metcorologleal rate given in
hependix 2 and 3 was used to determine the period of trisl,

in both the seasons.

3.4.2 4nalysis of data

An analysis of varisnce was donc to test the treotmont
pffects Ffor significence using the 'F' tost as describod by
Snedecur and Gocharen (1967), The standgrd erreor end
Cuncan's Multiple range test was alsn determined (Duncan,

1955) .
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Chapter &

RESULTS

4.1 Effect of Growth Hegulators end their

Combinations on the Growth of Cnions

During the Wet Sessons (June - October 1906)

4.1.1 Total fresh weight

The growth regulators hnd significent effect on the
totel fresh weight per plant ot C weeks after transnlanting

and 12 WAT cnly (Table 2).

The highest weight was produced at O UAT Ly the
combination of Gh3 + IAA ot 600 ppme However, this wes not
significantly different from the control. When the athor
treatments were comperced with control, there was no

significent diffoercnce too, this included also, the least

weight cbteined with tho oppliccotion of Ik + K at 600 ppme

Rt 12 WAT, the 1l-rgest weight Ltolned wos under the
influence of Ehj + K ot 30C ppm, which was significantly
higher than the values cbtainud from trentments 22 (control),
16, 2, 5, 17, 15, 12, 2C and 21. The least weight recerded
was produced by Gh3 + Inli # K ot 600 ppm, but this waos nut

significantly differcnt from the control (Table 2).

Le1se2 Oulb fresh weight

The growth regulators had no influence on the bulb
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Table 2: Tctal fresh weight (g) per Flant of DOnion as
influcncer by the Growth Regulatars and their
Combinations during the Wet Scascn at Samaru

in 1906.
TREATMENTS b WAT 8 WAT 12 WAT 16 WAT
1.Gh=3C0 49.3  277.0 e=g 346.0 a=b® 1146
2.Gh=600 5743  343.0b=g  335.5 b=h  164.2
34G/=900 65.5  510.0m-g  410.6 sb  120.0
b . Iik=300 92,7  557.0 a-e  340.6 a=h 124.4
5¢1Ak=600 53,0  440.0 geg  305.1 b=h  124.3
64 1RA=90C 60.5 46640 n=g 399.0 a=f  113.0
7 « k=300 6Cals  374.0 a-g  413.4 a-c  95.2
0. K=600 63.2 417 o~g 3ubel n=h  120.4
9.K=9CC 54,0  572.0 oed  244.0 gh 1203
10.Ghelia=300 6747  535.0 a=g  365.0 a=h  141.4
114Gh+IRi-600C  60.5  654.0a 359.9 n-e  1b4.3
12.GA+IRA=90C  55.0  423.0 a-g 249.1 d=h  125.2
13 4 GheK=30C 74,5  601.0ab 49543 o 135.0
14 . Gh+K=600 60.3  523.0 g=g 4014 g=d  121.0
15 .Gh+K=90( 51,7  322.0 beg  262.C d=h  100.3
16 TA+K=300 53,5 555,00 n=f 337.5 b=h  111.7
17 e Thit+K=600 35,0  251.0 g 272.6 b-h  100.5
10« ThA+K=900 40.C  312.0 b=g 302.6 a=h 109.3

19 Gh+IAA+K=300 72.0  579.C a=c  340.7-a<h  116.3
20,Gh+IHA+K=6CC 90.80  348.C beg  246.0 gh  11b.1

21 Gr+IRi+K8=900 47,7 439.0 p=-g 229.0 h 136.7
22. Control 01.5 L3C.C a=g 330.9 b=h 125.0
SED 179 125:3. 66407 13C.9
Sicnificance

('F' test) NS . e NS

# Meons followed by the same letter(s) within = treatment are
not significontly different at 54 level of significance
using DMRT.

Mcans followed by two letters connected with a hyphen are
included in 211 groupings between the two letters in the slphobete

WAT = Weeks after tronsploenting.
** . Significant at 1% lcvel
NS =~ Npt significent.
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frosh weight at &4, 0, ond 16 WaT (Table 3). Oifferences
between the vaorlous treatments were however, significant

ot 12 WAT.

it this somiling, Gy, + B at 300 ppm gave the highest

3
bulb fresh weight. The lecast weight producer was with InA 4.
K at 300 ppme This treatment wes, however, not difforont
from the contrel. Althrugh when comporing the contral with

treatments 3, 6, 7, 11, 13, 14 and 10; there was a8 significant

different produced with the leest weight.

Le1e3 Leaf fresh ueight

The npplication of the threc growth regulotors singly
cr in variocus combinotions bad no sipnificant effcet on the
fresh weight of the leaf per plant at any nf the sampling

periods (Table 4).

helol Lesf length, number of lenves and bulb diameter

The rbove prrameters odid not show omy significant
Uifference wunder the influence of the growth regulators ot

any of the concentrations used (T-bles 5, 6 and 7).

bel1sB5 Hulb dry weight

Gninn bulb dry weight wes significantly effucted by tho

prowth regulators nt O and 12 WAT only (Table 8).

At 8 WAT, Ghg + K ot 300 ppm, gove the lnrgest bully tdry



19

Table 3: 0Oulb Fresh Weight (g) per Flant of Onion as
influenced by the Growth Hegulators ond thelr
Combinztions during the wet Seascn at Samaru

in 1966.

TRCATMENTS b ot 0 WnT 12 WaT 16 WAT
1.8A=3CC 005 269.0 312.C a-0* 272.30
2.GA=600 9.05 175.0 292.0 a-g  303.70
3,G=900 10,40 251.0 393.0 ab  325.60
4oT4h=300 . 15.95 359,0 299,00 g=g 41660
5 IMA=60C 7.65 253,0 253,0 beg  305.60
6.IAR-9C0 12,17 355.0 351.0 8-g  339.60
7.6=30C 9,70 190.C  370.0 a-g  346.00
0.K-BUC 11447 227,00 371.0 a~d 3523
9.K-900 0,01 202.0 215.0 fg 292,50
10 Gas TAA=300 11,42 3300 34,0 a-g  391.20
14 .G+ 1RA=600 11430 276.0) 373.0 a-c  373.40
126G+ IHfmG00 9465 211.0 226.0 c-g 35390
13 G300 a6 322.0 b41.0 o 412 60 |
14 JGA+K-500 1G.20 296.0 360.0 a=f 374,60 “
15,GheK=000 9,63 136.0 220.0 c-g 310440
160 Thi k=300 0.3 1960 190.0 g 159.90
17 «Thb+h~600 5.90 1174 243.0 a~g 335,70
10+ Tn+K=90C 571 162.0 350.9 g-g  323.60
19 Gh+eThA+K=300  12.64 4000 323.0 beg 361440
20 Gh+IAA+K=E00 13.63 1540 239.00-g  469.20
21.Gh+IAA+K=50 0419 PEO.D 213.0 fy  300.20
22. Contral  15.25 255.0 307.0 a=g  353.90

SED 3.5 001 66l 60436

%%ETIE;ZE?GU NS NS - NS

# Mepans followad by the some letter(s) within a trentment arc
not significantly diffeorent at 5% level of significence
using DMNT.

Means followed by two letter connected with a hyphen gre incluted
in all groupings betweegn the twn letters in the alphabete

W:AT -~ Weeks after transplanting.
** . Significant ot % level.
NS - Not gignificaont
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Table &3 Leaf Fresh Weight () per Plant of Union as
influpnced by thz yrowth kegulators and three
combinctions during the wet sensun at Gomaru

in 1906,

THELTMENTS b LAT & OWAT 12 WhT
14 Ga=300 37.3 149.0 22.9
2.GA=600 3.0 199,0 26.1
3.64=9C0 51.0 197.1. 1.7
Uy 1= 300 72.5 1940 22,4
54Ii+4=5G0 51,7 1900 3241
6. 14A=G00 53.2 169.C 34,0
7. k=300 49.9 16740 24 .6
£} o =600 47.9 1630 21.2
5 . k=900 431 249.0 1649

0 o B4+ Th /1= 30C 52.2 299,00 12.0

11 o B+ Iis=600 54,0 41440 4.5

12 4B+ Lina=900 42.0 19740 1641

13, GA+K=300 57.9 25040 2047

14 JGA+K=-6LO 47.14 2900 21.5

15 ,Bi1+K=500 32.0 140,40 23ek

164 Iiriele 300 6141 220.0 129.7

17. Tk eK-500 27.05 121.0 21.3

10 o Thh+k=900 47,05 137.0 22.2

19, Gh+TARFK=300 55.0 169.C 15.3

20 BA+LHA+K=600 75.9 137.0 12.6

2 Gt TR +K=5C0 36.2 151.0 1040

22, CONTRUL 3247 153.0 2342

BED | 15.6 72.0 32,59

Sippificance {'Fliest) NS NS NS

W4T = UWeeks ofter transplonting.

NS ~ Not significaent.
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Table 5: Leaf length {em) per plant of Onion as'iﬁfluenced
by thu growth dogulators and their Combinations
turing the wet senson ot Semaru in 19064

TIEHTHENTS & Wi O wnT
1Bam 300 35.09 31.42
2,Bh~-6C0 - 30457 . bhe53
3.8A-000 - 41,47 - 40.05
b JThkie300 ' 44.93 . 45,6
5 ¢ IMA=B00 a 36.0 . 49,7
6o L4A=90G 4107 L3453
7 «K=30C | 30.2 | b6a5
0..k=600 | 39.53 4343
9 ,Kk=000 40.13 45,4

1 oBhelAne300 37.67 | 5242

11 GA+T /=600 | bG.07 63,27

12 ,Bh+T4r=900 204 40429

13 4 Gh+K=300 42.93 47.97

144 oGl #5E00 37.53 4540

15 ¢ GRA+5=T00 36427 45469

164 ThA+K=300 30433 45,67

17,1AA+K=60C 35.09 47479

10, IAA+K=000 39,2 by 72

19 o Bt IisA+H= 300 4047 | 43.17

20 o CFi T fbitim GO0 37,53 43.3

21 BR+THA+K=90C B 30.53 50,99

22, CONTROL ’ 4146 48.99

SED | | 3.935 5496

5ipnificance ('F!' test) NG NS

WrT = lbgeks ofter transplonting.

NS ~ Npt significant.
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Tuble 63 Effect of Growth Reguletors end their Combinations
on the number of leaves per plont during the Wet
Season at Samaru in 1906.

THEATMENTS 4 w.T 0 WAT 12 WAT
1.G~=300 533 9L 13.0
2.Gh=6C0 5.67 102 11.67
3.Gh=-900 5.33 1067 12.33
Lo Ikh=300 Gel) 123 11.0
5 elhA=600 5.67 12.33 11433
GelAnA=900 6.0 13.C 12.0
7 « = 300 56 10.0 12.67
0 «K=600 6.0 (e67 12.33
9 K=50L0 6.0 11.07 1.0

10 e GA+I An=300 6.0 11.67 1133

114GR4+IRR=600 Bef! 14.67 1033

12 JGA+1KA=900 5467 11.67 1241

13 4GA+H=300 510 15.0 13.0

14 GA+K~600C 557 11.33 11.67

15 «Gh+K=350C 5.57 10.0 11.67

164 InA+K=300 5433 13.67 11.67

17 « 1RAH+K~600 5433 1123 12.0

10 « InR+K~500 5.33 12.33 12.0

19 « GR+Iink+H=300 6533 1.0 110

20 GA+IRR+K-EL0 6.33 13.67 11.33

21 4GheInnek=500 fe33 15.67 12.0

22. CCNTROL 5433 67 1033

SED 1.76 2440 Tel3

Significance ('F' test) NS NS NS

lunT = Weeks ofter transpl-nting.

NE - Nct significont.
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Tehle 7: Effuct of Growth Regulotors and their Combinations
on the Tulb Diameter of rpach Pulb per plant of
Cnions during the Wet Sesson 2t Samaru in 1906,
TREATMENTS b WAT O WnT 12 WAT 16 WAT
154300 Vo396 3.62 4,07 5¢37
2.GA-000 1.166 L.21 L,09 5.72
3.64~800C 1.114 L.09 5.09 5.20
boIAR=300 1.33 Sl 543 5.92
5. 1AA=600 Ce93 5e35 5.16 5613
BelnA=5C0 1,106 L.55 5.67 Selih
7 o= 3CT 1416 L,32 .11 502
(o K60 1.10 5,16 5.0b4 5.53
9 «K=0L0 1.00 L4 4,96 5G9
CoB8+IAA=300 1.116 5.37 5.01 5009
11 GH+LAR=-EL0 1.09 L0 5,93 5.79
1225441 4n=900 1.0006 b.67 5.10C Sell
13 .GH4K=-300 1.233 5.10 6.56 510
14 JGH+KmBC0 1.096 5416 525 5.9
15 . GA+1=-900 e 070 4,20 bell G.l3
160 IuReK=300 o0k 5«10 6.7 5.65
17 o Listae = 600 1.006 4,04 5.93 5.69
10 o Tia+K=3C0 14030 L.32 5.92 5.G67
10 o G+ hA+K~300 12360 6.02 530 5.63
20 GBI RA+K=G Tebel 5.45 5¢77 5465
21 e GR+ILAA+K=000 14196 Ha11 5.75 He67
22. CONTHOL 14206 5.24 5.15 Ga L0
BED 1.55 Ce 8001 Ne701 1360
S5ignificance ('F!' test) NS NS NS N3

WAT -

NG -

Wzeks after transplnnting.

Not sipnificant.
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Oulb Dry Ueipght (9) per plent as influcnced by

the growth Regulators and their Combingtiong of
Onions during wet Seansnn at Samarue im 1U06.

THRERTMENTS 4 WAT 0 WiT 12 WAT 16 WHT
1oGh=300 [ e7C 56e1 =B 20,92 a=f 23,04
2 «Gih=600 1,43 5045 €=  19.62 d=1  31.3
34GA~800 Cofi79  148u4 n-c  23.0 a-i 20 ekt
4, 1.1A=3C0 1,769  133.7 a=-f 29.4 a-c 29 .4
5e¢Iki=600 Ced6 03.5 a~h  17.6 o-i 2143
65T AR-900 1.64 90,0 o=b 2043 a=h 203
7 JK=300 0eD29 bhole F=h 26441 a=i  29.5
(32 Y= 600 2479 00«2 a~h  21.00 b-i  26.3
94 K=900 0946  105.0 a-h  14.7 f=1 34.3

10.Gh+IHA=300 1166 126.5 @-0 29.G a-C 2047

11.GA+IAA=600 (4566 00.9 a-h 34,0 ab 29,0

12 Gi+IHA-500 0.799 76e3 Cwh 1649 G-i 2043

13 4Giitl=300 1,095  102.2 a 36.3 a 30.1

14 o Glatti=B00 0,005 52.5 f=h  27.0 a-i 26.3

15 o Gl++K~500 Ce 430 25.9 g 1047 ©-1 25.6

164 Ihh+K=300 0,746 14046 a~d 2440 a=1 3.6

17 Tinfi+K=600 D533  157.3 a-c 1045 C-i 30-6

10« Inti+K=-300 Do &8 41,1 f-h  29.4 o-e 3041

19 JGire IHA+K=-300 1,660 172.0 ah 20.92 a=-g  30.51

20 o BheI/th+K=600 14640 Bhel c=h 2044 b-i 37.4

21BR+I14A+K=-500 Ca 67 J6e3 a~h  13.63 1 24435

22. CONTROL 1.526 22.2 h 22.2 a-1 5.06

SED Deld1b 41,14 €422

Sigmificarce

('F' teat) NG L *e NS

Meana followed by the some letter(s) within 2 treatment aro not
¥ level of significance using OMT.

significantly different at

Means followed by tws letfers connected with a byphen nre
included in all groupings between the twe letters in the

aiphebet.
WheT =

NS -

Wecks aftor tronsplanting.
= Sinnificant ot 1% luvel.
Not significant.
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weight which was significantly higher than the control.
The countrel gave the lowest weicht, followed by Eh3 + K 2t
9CC ppme Dulb dry wecight of trestments 3, 4, 13, 16, 17

ond 19 were significently higher than that of the control.

At 12 WAT, the highest weiobt cbteined was also due

to Ghs + K at 307 ppm but when comgarcd with the contreol,

there wos no significent differcncce The leerst welght was
duc to Gh3 + K nt 9CC ppm, which, olso did not differ from

the control, along with all the other trestment (Table 8).

bele6 Leaf cry welght and root dry weight

The data recorded in Table 9 and 10, shawed no
significant effect of the growth reguloetors on leaf dry
weight and root dry weight per plant ot all the sampling

periods.

be2 Effect of Growth ilegulators and their
Combinotions on the Eruuth of Onions
during thc Ory Seoson (Jencary-bay, 1907)

Le2.1 Total fresh weight

At 4 WAT, total frosh weight per plant was significontly
(p = UeG1) influencer! by the growth regulators while
differences between the various treotments »t subseguent

samplings werc not significant (Table 11).

The lorgest total fresh weight was (bteined by the

applicaotion of 5“3 at oCU ppm while Gn3 + Ihis + K at SO0 npm
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Teble 9: Leaf Ory Weight (g) per plant as influenced

by the growth reguletors and their

Combinntions of Onion cduring the et Season
at Szmaru in 1906.

TREATMENTS 4 WiT G WAT 12 WAT
1.Gi=300 2.90 L1142 3el1
2.Gh=-600 2.06 19.4 5.680
3+Gh=-900 3.90 15.4 3.lk
La.Ikn=30C L.62 15.9 5.75
5eIRA=60C 279 Tl Le13
6o IKkA=900 3.1 De1 boli5
7+K=300 3.99 133 6.10
0« k=600 3.596 1Mk L.22
Y.K=500 3.15 2243 3.77

1C o GA+IAR=300 3.99 20.1 2.51

11 Gh+I1AA=60C 3.66 16.4 L.0O2

12 «GR+IAA=90C 3.01 23.6 2.52

13.Gi+K=300C L.00 205 4,25

14 GheK=600 192 220 bol?7

15 Gi+K=500C 3.02 13¢1 k.21

16 1iih4K=300 3.26 19.3 3.63

17 « 111 #K=6C0 2.13 32.0 2.03

10 I0A+K=-500 2.59 13.1 5.01

19 G Iik+K=300 3.93 134 3.47
L oGheInh+K=600 Lo\l 1649 2445

21 Ghalii+R=900 2425 19.4 2.71

22. CONTROL LeGG 175 3.05

5ED 1.12 11.3 1.55

Significance ('F!' test) NS NS NS

WhT - Weeks after troansplonting

NS - Not significont.
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Table 1G: Root dry wcigbt (g) per Flant of Onions os
influencud hy tho growth regulators and their
Combinations during the LUpt Seasnn at Samaru

in 19U6.

TRENTMENTS & WAT 0 WhT . 12 WAT
145h=30C Ca23 1430 Oells
2.Gh=E00 . (.54 0a52 DeOb
3.G4-900 . .37 3.01 0419
o THA=300 o . 1A 1.90 .07
5. IfA=600 029 2.44 0.17
6o Liafs=300 o . 0.4C 1459 0.06
7. k=300 .20 Ce98 n.06
0« K600 Uots7 1.71 0e11
9 4 K=900 .29 2.07 0445

10 oGA+IA=300 0.69 e 23 Ne10

11 B+ TEA=600 0.23 1491 0.10

12 JGReTAA=O00 C.26 1.32 036

13 «Gh#b= 300 0eb3 2464 0.10

1t JGh+K= 600 L.23 1446 0.26

15 o Gh+K=~900 0.29 069 T.09

164 TinR+K=300 0e30 2411 0.09

17 « ThfatK~6CC (1424 5431 066

10« TRA+K=900 0.26 1455 D63

19 JGh+Thk+K=300 G40 2.50 0a37

20 4 Br+ThA+K=600 0.40 130 0.10

214 Gl+TAA+K-900 (o5 2.22 2.04

22. CONTROL Ge39 1051 1,30

SED 010 1e41 Ce7k

Significance ('F! toegt) NS NS NS

WAT =~ lUeeks after transplanting.

N8 = Not siynificant.
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Table 11: Effects of the Growth Hegulators and their
Comhinations on the total fresh welght (g)
per plant of Onions during the Dry Scason
at Samaru in 1907.

TREATMENTS C b AT D WAT 12 WAT 46 WAT
14GrA=30C 51.0 a-f*  271.2 35940 36640
2 oGi=G00 62,7 o 2976 40340 494,C
2.6A=900 45,0 a=f 2001 4540 599.0
e Ihf~300 54,5 a=0  232.4 421,00 733.0
54 1AA=600 5ke5 a=C 2965 32000 563.0
6. 1AK~300 53,1 n=f  255,1 21640 753.0
7.6=300 45.5 a-f  315.0 354.0 3340
0« K=AO0 | 55.2 ab 255.3 Nal 369.0
9. K-900 4G.3 a-f  300.5 493,0 601.0

10«GR+IAA=300 33.3 h-f  220.0 b46.0 60640

114Gh+16A=600 35.5 b-f  250.2 412.0 43540

12 JGh41143-900 33.1 b=f  323.2 242,0 722.0

13.5A+K=300 44,0 a=f  211.5 5CC.0 60640

14 o Gi#l=GCO 400 o-f 26649 477.0 431,0

15 .GA+K=90C 3640 Def 2261 4600 44040

164 1AA+K=300 34.7 b=f  30U.6 484 .0 731.0

17« Lhb+K=600 32.7 b=f  250.2 404G 54440

10aThA+K=300 3141 D=F  265.5 46240 475.0

19..Gh+T54+K=300 32.7 h=f  235.65 491.0 46340

20 JGH+IAA+K=600 33.0 b-f  205.9 430.0 463,00

21 4GH+IAR+K=5CC 20.U F 27309 339.0 65040

22. CORTROL 53.4 a-g  276.4 5520 010.0

SED o 1We3 59.47  15G.7 239.0

Sipnificance i ' ;

('F' test) . NS NS NG

*Moans followed by the same letter(s) withinm a treatment ore not
significantly different at 5% level of significance usinp DMIT.

Means followed by twe letters conneeted wilth o byphen sre includerd
ir all groupings botweenm the tws letters im the alphabet.

T - Weeks after transplanting.
NG - Npt significant
** - SJignificant at 1% lcvel.
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gave the least weight. whern the control was comparaerd with
the largest fresh welght 2! all the cther treatments oxcont
the lowest weight, thore was no significant differoence

profiuced.

L.2e2 fully fresh welght

Applicaticn of the growth reyulptors bad significant
(p = 0.01) effect on bulk fresh weight per plant only at

L waT (Table 12).

The prowth requlator Ih: at 900 ppm praducerd the
largust bulb Frosh weight at & WAT Dut this wos not
significantly different from the control. The least weight
rrotduduced by the combination of IAL + B at 300 ppm was,
however, differcent from the control. The other treatments
which were significantly clfferent when compared to tho

cuntrol included 17, 16, 20 ond 21,

4,23 Leaf fresh weight

At 0 anc! 12 WaT, the leaf fresh weight was not
influenced by the grouwth regulators (Table 13). At & WAT
the fresh weight of the leesves of tho vaorious treatments

were sipnificantly (p = C.01) different.

EH3 at 600 ppm preduced the largest loof frosh weinht
but this was not different from tho contrels. However, when

thu control wes compored with the lowest weight obtainoed
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Table 12: Effocts of the Growth Regulators and their
Combinations on the Oulb froesh weight (g) per
Flent of Gnions during the dry season at Gamaru

in 1907, '

THESTHMENTS b WAT G WAT 12 WhT 16 WAT
1,GA=300 Me30 B-g*  113.2 254 ,0 205.0
2,Gh=-600 - 1Le54 Beg 1252 333l 41040
3.G4-300 . 11467 -0 10640 330.0 49740
4oIuh~300 13,36 a=f  07.b 3136.0% 40140
5.1A4-600 1440 ab 11343 321.0 4760
6+ IRR=500 bt @ 12146 15640 L0930
7 k=306 11.39 a=g 12049 250.0 31240
Dek=600 _ 13,01 a~d  93.9 337,0 29640
9,K=-500 0.22 b-g 1137 360.0 552 403

1C.BA+I4A~300 1Ce6l Beg  GLo3 29740 53540

114.GA+IAH~600 B.72 8=g  120.0 290.0 36000

12 JGA+THA=300 11462 a=g  154.0 15040 €270

13.0R+K=300 9e23 0=g 762 1670 522400

144 o GH+Km 600 13.96 a=c 127+ 3502,0 30440

15 .GA+K-000 9.05 a~g  106.5 3040 295.0

164 T4A+K=300 G.23 g 10447 302.0 66740

17 IRA+K=600 7.65 B=g 11641 27640 L4640

10 Tt K=9C0 719 e~0 9045 337.0 40560

19 o BR+T RA+K=301] 0e59 a-g 102.0 3600 L2kl

20 o« GA+I Ak +K=600 7426 g-0  OUe5 336,0 30440

21.GreTAi+K=900 6.76 g 12349 252.0 59G.0

22, CONTROL 13.62 m=g  131.5 44,0 002.0

SED 2.623 MaTh 1275 21145

R e e e w

“Means followed by thue same letter(s) within a treatment are not
significantly differcnt at 5% level of significonce using DMRT.

Means followed by two lettoers conmected with a hyphen are included
in 21l grouplngs between the twe letters in the alphabet.

WAT ~ Wecks ofter transplanting
NS - Not significant.
% - Significant ot 1% lovel.
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Table 13: Effects of the Growth Requlators and thely
Combinations on thg Leaf fresh wcight (g)
per nlant of Onions during the Ory Season
at Samaru in 1007.

TREMTHENTS & WAT 6 WaT 12 UAT
1.GA=300 _ blhe? omd® 15640 57.3
2.Gh-600 | 47.1 a 16540 47,1
3.G4=900 34,3 a-d 153.0 47.0
o TAb=300 ' 47.0 ab 145,0 400
5.4 TAf=600 44,1 g-g 150.0 2647
6+ IAA=200 - 43.2 a-f 104,0 211
7 o=300 37.2 a-h 150.0 35.5
D.K-600 LELL a=c 1608 19.0
5 K00 2640 c~h 211.0 bl

10 4G4 TAH=300 33,1 a-h 123.0 29 .7

11.GR+IAR=600 27.9 a-h 129,0 30, 1

12 GH+TAR=900 29,9 beh 206,0 2143

13 . Gh+K=300 S 21.5 gh 135,0 27.G

o Bhask-E00 30.7 a-h 139.0 2U .6

15.GheK-90C 20.0 a-h . 1400 614

16eThA+K=300 | 23.6 a~h 185.0 21,3

17, Ihi+KaE00 o - 23.1 a-h 144.0 31.1

10 o Th+K=000 24,7 e-h 155,0 20 1

19, B4+TAL+K=300 | 24.5 c-h 453.C 3046

20 Bt TiH+K-BL0 25,7 ti=h 132.0 39.9

21.GA+TAA+K=900 22.C gh 155.0 cTAA

22. CUNTROL 4341 geb 145.0 3441

BED 0,67 106.6 16.05

Sicnificance ('F' test) . NS Ng

*Means fellowed by the some lotter(s) within o treatment are not
significantly diffoerent at 5% level of significance uaing Di¥1T.

Means followed by two letter comnectod with a hyphen are included
in all groupings between the two letters in the alphabot.

kT = Weeks after transplenting.
NS « Not significaont.
*& . Significamt ot 19 lovel.
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(Gh3 + K at 300 ppm) and the trzatment due to GA3 + 140 + K at

90 ppm there wes o sipgnificant differance.

Lo2.4 Leaf lonnth and mumber of loovoes

Aplplication of the growth regulators hed no
significaont effect on the leaf length and lesf number

(Tebles 14 and 15).

4,2.5 0dulbh diamcter

The nprouwth regulators had significant (p = 0.01)

effect cn the bulb diameter ot & Wi T only (Table 16).

The lesst weight was cbtained from the treatment
ERJ + Ikt + K 2t 960 ppm, followed Dy the effect of
Gh3 + K at 300 ppms There was 2 slgoificant difference
compared with the control. However, when the control was
compared with the treatment GA at 68060 pnm which produced

the maximum bulb diameter there was no significent differcnce

obtainecd statistically.
4.,2.6 Leaf ares

The sbove parameter was not influenced by the growth

regulators at ony of the ssmpling pericds (Table 17).

ke2.7 {ulb dry weight

Significent effect of the growth regulators on bulb

dry weight was observer) at & WAT only (Table 10).
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Taoble 14: Effects of the Growth Regulators anrd thelr
Combinntions on the leaf length (cm) per plant
of Lnicns during the Dry Season st Samaru

in 1907.
THERTMENTS b WAT O WAT - 12 wAT
14Gin=300 o 46443 o5 52.7
24Gh~E00 N VR & A 5640
3.6A=000 R 5 R 4 37.97 52.0
helnke3Co 6 .00 47.5 50,3
5.IAA-600 C 48,03 bhe27 53,0
6e1AH-S00 S 465473 43,63 403
7 =300 . 43,03 47,97 . 5547
£.4K-600 - K- 45,83 45,0
9.4k=900 S 3047 5.3 -~ 5bkad
1C oG+ T Afiw 300 R Y 47.07 5940
11 BA+IAA-600 42,23 45427 53.3
12 4GH+1AA=IC0 o 41.13 4,07 53.0
13.54+K=300 - 37.40 45 .87 50.3
1 o G-+ =600 S 47.87 7.1 62.7
154 G+K=900) 43,07 47.3 43.1
164 IhA+K=300 35,67 45,97 47,7
17+ Ihhek=600 36427 47453 59,0
10+ TAR44=900 43,43 bGa7 6la7
194 Grt TAN+K=300 b 03 b(2.17 55.3
204 Ghi+TAN+REC0 b7 46497 5547
214 Gh+TiH+K=-900 34477 45.03 52,3
22. CONTROL 46,03 36463 5547
§ED | T bags o054 (466
Significance ('F' test) NS NG NS

WAT =~ lWeeks ofter transplanting.

NS - HNot siygnificaont.
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Table 15: Number of lcaves per plant of Cnions as
Influenced by the Growth Regulotors and their
Combinations during Dry Season pt Samaru in 1707

TRELTHENTS b WihT 0 WaT 12 WAT
1.G/.=300 0.67 11.67 12.0
2 o Gia=6L0 S.67 14233 12233
3«Gh=00L 1 «67 12.67 16.67
b« 1Aiw=300 11.33 11.0 13.67
5.1hn=600 Je67 10.93 1167
6eIhh=900 12.0 16.G7 15.0
7 «5=300 11.0 14.67 16.0
DeK=E00 14433 17.33 13.LC
J«K=000 1.0 10.67 16433

1L «GmeIlnh=300 12.33 14.C 13.0

11+Gi-+14A=-600 12.67 11.67 10467

12 eGh+1/iA=900C 1.0 13.C 12.0

13 Gl l=300 11.33 14,67 1he33

14 JGH4+K=-600 11.67 11.67 13.3

15 o Gh#t$=9C0 11.67 15.33 14.0

1€ Thh+K=300 11.33 12.0 110

17 « T +K-600 11.C 12.C 1133

10 o Tnhi#K=S00 11.0 12.33 12.67

19 oGt Tiniaeh=300 Ja67 10567 14467

20 o Giad llaneB=6LC 11,0 13.C 13.C

21eGh+lra+l=000 12.33 12:67 1240

22. CONTROL 1C.C 1033 13.67

SED 1.06C 222 1443

Significance ('F' tost) NS NG NS

wAT = Weeks after transplantinne.

NS -« Not significant.
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Table 16: fiulh Diaometer (cm) of each S3ulb for Plant of
Gnions as influenced by the Growth Regulaturs
and thoir Combinations during the Ory Scason
at Samaru in 1907.

TREATMENTS & WhT O WAT 42 AT 16 WAT
1.Gh=30C 1,156 a-k* Iy, 15 G.5. 411
2 . GA~600 1.34 g to17 G426 5432
3.Ge-900 1.23 a-f 5.64 6417 5201 -
4,I160=300 1,32 a-d 5.06 697 5.53
5 IRk=G00 1.24 geg 5452 6.0 5437
6.ILA-000 1431 a=c 5.23 4406 5423
7 K300 0402 o-k .73 5417 617
£ JH~B00 1.16 a-h 5.32 6.27 b2
9 K=9UC - <0 dek 5.10 Gals 6.07
WaBA+IAK=300 1.096 a-k 549 6429 6o 37
11,Gi+IkA=60C .9C d-k 5.0;3 5,92 6422
12 JGA+IAA=900 1.17 a-i 4e77 472 5.15
13.Ghel-300 .70 gk 5459 6471 7.02
14, Gk K=E0D 1,10 a-g 5.67 6.50 5.45
15 «Biaseli= 900 .96 a~k 4,56 7.13 t.67
160 I #8300 ' 1409 a-k 5450 Ge6l 5.57 -
17+ TaA+K=600 W91 e-k 2e()7 6.07 5.2
10« TAR+K=-900 2513 bk T Bels2 6.07
19 JGh+IhA+K=300 09 gk fal 6.05 e 35
20 «GA+I AR+K=600 O3 eek 5.25 54 tily 5459
21 o Gh#T fi K= OG0 70 k Gal)3 5471 5,57
22. CLNTRUL 1433 ab 4,93 645 640G
SED - 10 38 1.04 1,09
Significence('F'teat) * & NB - NS NS

*Moons followed by the some letter{a) uwithin 2 troatment ore not
significantly different at 5% level of significant using OMIT. .

Means followed by twe lutters commecterd with o hyphen are
included in all froupinns between the twec laetters in the alnhabot.

WAT - Weeks after transplanting.
NS « Not significant.
“* . GSGighificant at 1% level.
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Table 17: Leaf area (cmz) of plant of Onicns ns
influcncer by the Growth Aegulotors end
their combineaticns during the Dry Season
at Semsru in 1007.

TREATMENTS L WaT 0 WAT 12 WAT
1eGA=30C 2.22 1«11 2.55
2 Gi=6L0 2.40 1C.56 3.23
3.61=9LC 1.7C Je0 3.22
boTAn=300 2.33 U «25 2.76
Selhn=6CC 2.10 Jeb 1.03
Gelish=9CLC 24714 Be6Gb 1.45
7 =300 1.67 11.76 2.30
0 «K=6C0 2.20 1Ce7 1.3
9..K=500 120 T1RaD3 3.02

M WGhelnn=300 1.64 7.05 2.00

11GR+1iHN=600 219 0.29 2.06

12 G441 AH=5C0 1434 13.2 1e46

13 Gh+H=300 107 («B67 1.66

14 JGA+K=-6U0 1.7 (o093 14860

15 Gh+K=000C 1.39 Da94 Lo32

1641/ +K=300 1047 11.06 1.39

17 « Trnel=6L0 121 Je21 2.13

10 « LAk +HK=90C 1.C0 J.92 1.92

19 «Gisk L= 300 1.21 (e16 2.1C

2. «Gr+IlAn+l=G0 L 1.27 ol 274

21Gh+1#K=000 1.29 1017 2.50

22. CONTRCL 2.19 Je29 2.2

GED «5C1 2271 1412

Significence ('F' tcst) NS NG NS

LiT = Weeks after transplonting.

M5 = Not significant



37

Tebla 10:  2ulb dry weinht (g) per plant of unions as
influcncoerd by thoe Growth .(oqulators and their
Cembinaticns durin: tho Jry Sooson at S=mord

in 1207.

Toer TEZNTS L Wu.T 0 LAT 12 Wi-T 10 IaT
1eG1=3CL o7 n=b* 2L.24 20.6 25.2
2 o GhmbBlL 1.27 1=l 31.22 33.0 37.
Jedm=ull 1.0iL a=q 20«62 3b.L Iels
hoInni=3L0 1.01 a-f 2046 25.2 32
S5elra=600 1.29 a 21.25 25.1 b1.0
Gellin=9CC 1.23 e=d 20 .31 12.3 4n.2
7 «K=3C1 71 29425 24,7 5(le0
D eh=600 93 a-b 2745 3745 2iie5
YeK=S00 «57 n-h 26.2 42,2 7000

10 oF A+l RA=3UL «77 n-=h 3he3 35.1 20ed

11GA+IAH=600 125 a-c 20,72 33.2 5041

12 .GA+IA~-0C0 .06 a=h 29.0 17.6 3Ce1

13.GA+K=300 € m=h 203 36.3 55.5

1 JEA+K=5L,0 «70 n=h 3G.0 77.7 37.2

15 ¢ GA+K=000 «64 o=h 26425 304 313

16 TA0+K=300 4 h 22.94 LY 50 el

17 « InA+K-600 4l f=h 34,50 31.2 31.h

10 o IRR+K=SC0 57 e-h 31.63 3649 b5

190 «GA+IARA+K-30C «77 U=h 25406 L2.3 36e0

2t «GheIRA+K-GLD «59 e-h 30450 31.2 657

21Gh+IAA+K=0C0 45 f=h 37.4 25.0 1.7

2%2. CL.T.i0L 100 a=p 27.60 LG.2 66e"

S5ED «25 5.520 144D 1745

5i nificeance
('F' tost) . NS NS N3

¢ pMeans followoc by the somc lottor(s) within a trestment oo
et significontly differ nt at 5% lovel of significant
using DMAT.

bcens followed by twe letters connactod with @ hynhon omo
included in all froupings between the twe lettors in tho
elphabet.
WAT - UWeeks coftor transplenting.
N8 = Ngt sinificont.
% . Sinnificont at ¥4 leval.
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hpplication of 1Ak at 600 ppm gave the highcst bulb dry
weight but this was not diffcerent from the control. The
leest weight which when compored with the control was
significantly different, was obtained from the combination
of Gn, and K at 900 ppm. OCther treatments significantly

3
lower than the control were 17 and 21.

L.2.0 Leaf dry wEim

There was no significant effect of the growth
rogulators on the loef dry welight at 12 WGT while there

were differences between the various treatments at 4 WAT.

Gus at 600 ppm gave the highest weight followed by
IAk at 60C ppme k1l the treatments except Ga3 + IAA + K ot
90C ppm, which gave the least weight were not significantly

different from the control (Table 19).

4e3 Results Cbtained from the Grophs Showing

Sulb Fresh weight during the Dry Season

ns offected by the Effects of the Growth

Regulators at 300, 600 and 900 ppm.

be3.1 Mean bulb fresh weight during the dry season at 300 ppm

In Fig. 1, tho effect of K was meximum at 0 WAT. The

growth regulators G4, + K had produced the least weight ot

3
C WAT.

The control had produced the largest bulk fresh weight
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Table 19: Leaf Dry Ueight (g) per Flant of Lnions as
Influenced by the Growth kegulators and their
Combinatiuns during the Ory Sesson at Samaru

in 1507.

TREATMENTS L UAT 12 WAT
1.GA=300 3.47 g-h* 7.70
2 GA=600 4Le25 o 746
3.6GA=-900 2.04 a=h 044
L, IRA=300 3.64 o=d L.0O2
5.1hA=600 4.05 ob 7.03
Ee1RA=900 364 p-p 5.01
7 «K=300 3.90 oc 6.32
0.K=6C0 3.39 o=h 5.20
9.Kk=900 2.1 c=h 835

10 GR+IRA=300 3.34 a-h 6.17

11 eGn+1h1=600 2434 b=h 6.07

12 Gr+I1AA=500 2.30 b=h .04

13.Gh4K=300 2.3 b=h 6.51

14 GA+K=600 3.20 a=h 6.48

15 .GH+K=-S00 1.07 d=h 9.93

16« Lhina=300 2.21 c=h 5.62

17 « 1nA+K=600 1.9 d=h 8.0

10 . 16A+K=-900 1.06 d=h 7.02

19 « Gh+InR+K=300 2.51 a-h 9.25

20 GR+I1AR+K=60O0 2.10 c=h 743

21 Gh+lRn+K=-300 1.62 h 7.36

22. CONTROL 3,59 a-f 751

SED 79 2.04

Significance ('F' test) . NS

¢ Means followed by the same letter(s) within a treatment
are not significantly different at 5% level of significant
using DMRT.

Means Tollowed by two letters connected with a hyphen
ore included in all groupings between two letters in the
alphabet.

WAT = ULeeks after transplanting.
NS - Not significant
*» . Significant at 19 level.
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followed by Tiid 4+ K ot 12 WiT. The least weight was

Froduced by Gh3.

The same effecte of the growth reguletocrs contlnued at

16 W T as at 12 T,

4h.3.2 Mean bulb frosh woight during the dry season at 600 .

In Fig. 2, Ik hart protduced the largest weight. The

least was produced by Gia, + Liak + K, at O WAT.

3

During thu 12 WhT, the control hed preduced the largest
bulbh weight followoed by Gh3 + K. T/ + K remained to

produce the lowest welght.

Although at 16 WaT the least welght was prouduced by K,

thile the control continued to produce the largest welght,

4e3e3 Mean bulb fresh weight during dry seasun at 9UU_ppm.:

ht Fig. 3, 1% was shown thot the growth roegulators
ELB + Iah had producec the lorgest fresh weight while the

leeat welght was obtained due to G, + ¥, gt 8 WaT,

3

At 12 WAT, tho contrsl produced the largest bulb woight

followed by Ke The liast weioht was due to Ens + IhhA.

At 16 WAT, the effect of the control remained maximum,

while Gﬁj + K produced the least bulb fresh weight.
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Chepter 5.
DISCUSSION

5.1 Effoect wf Gi,, 14, and ¥ and thelr Eombinationg

Un Gerouwth of Onicns during the LWet Suenson

(June = Uctober, 19836)

541.1 Total fresh weipght as influvnced By the growth

rogulators and their combinctions in onions

The onion plents showed moximum response to Gﬂ3 + INA

pt BUD ppm during O WAT oano to Gfig + K at 300 ppm durlng

3
12 WAT. There was no effect cbhtained at 4 and 16 WAT, with

the growth regulators singly or combinud at any of the
concientrations. These obacrvations are similer to the

findinys of Isaac (1985) in which GA, + TAL significaontly

3

increased the growth of onion plants at hlgh concentrations
while GH3 + K incressed growth at low concentrotions. In

cther plants such =g 4zukia benns, ij + I/ cousetd o
stimulation of ¢rowth only when th: ftuo gristh regulatorg
were atlded tugether (Shibooka, 1971). GOolstoun and Furves

(196C) further moticed thrt in the presence of Gi.,, auxin

3!
concentrations increassed hcnoce both are required for

stimulntion af growth.

The effect of Gh3 + # in this trial could be supported
by thu findings of Delaghar - Langhot (1974) who noticed thai

on potato an increase in growth at concentrations of
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300 = 50C ppm. Listowski gnd Lis (1973) reported tﬁat GAy +
K atimulated the growth of cltrus sendlings ot a low
cencentration. Moreover, in tomata, the yrowth of lateral
bud has been reicrten 0 be enhanced by the spplication of

GH3 + K (Cotalmnu ano Hill, 1568).

5e1e2 Julb frooh and dry weights as influgnced by the

growth renulators onid thoir combinstions on onions.

The bullb fresh gnd dry welghts ot £ and 12 WAT were

enhanced by Gih, + ¥ at 300 ppm. This was in confirmity with

3
the findings of Mugge and Riehter (1975) who worked on oninng
and tulip bulbs. They found that the bulb growth was
increased and they added furthermore that the bulbs
propagation ogo-efficlent was more while dipping the bulhs
thon a leof spray of tho same mixture. Abohassan gt =l.

(1979) 2lsu oviserved that fhg + K increased scedlinn and

Frult growth in epricot aond lime frults.

The epplication of Gha, + IAA + K at 500 ppm resulted in

3
inhibition of growth sugoesting that the concentratinn was
rother high. It has been shown that very bigh concentration
of GhB nr K could cguse domage %o ondons by Naamnl et al.
(1560) when he discovered thot Ghg = treated onions showed
gn inhibition of qrowth at a very binh concentretion of

900 ppm. This was further confirmed by Ram (1979) when GAB
st a louw concentration of 200 ppm gave the largeost fruita in

guava, while there was Inhibltion et a higher concentration,
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sionificantly under the treastmont of Gﬁ3 at 600 ppm. Those
reeults pbtalned confirmed the findings of Lipe (1975) uhg

neticed that GA, at low concentrations produced maximum

3
growth in onipns. UClivares and Manuel (1962) alsp reporboed
thet GHB was vory affective in bringing about an incremso in
grrwth of unions. Furthermeore, Lipe (127%) renported thot

BﬁB increased the numb - r of leaves poer plant and percentane
f plantes initieting multiple growing points. The phenomona
wegs also obsgrved 1n this oxperiment although a detailed

recording was not done.

In other plants, such as potatows, Ferennec and Crosnicr
(1971) found an increased number, slze and yields of tubors
when treated with Gh3 further supporting the above work dopp
by Lipe (1975) on initiation of multiple poinis in conionsg
and glso the observaiicon cbtalned during this resesrch.
iekhimbaev and Gl'shanskaya (1971) alsa found a sharp imcrease
in growth when Gﬁj was applied on garlic bulbs. It has also
found that Eh3 stimulated the growth of tnmatnés when compared
uith the untreated control (Castro and Malavolta, 1976).
dMasheva (1977) trested seeded gropes cv.e Jolgar and scedloss
grapes ov. Klshmish Khishrou with Ghj, Ih4 and KBe They
chserved thot Gh3, alone, had a signlficant cffect on the
weight of the gropes of the two cultivars. Lenz (1974) Fusthor
confirmed thuse results, by proving that GA3 at a low

concentration of 100 ppm increased the shoot dry weight of

Citrus sp.
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5262 Effect of growth regulators and their combinations

on bulb fresh weight of the onion plants

The highest bulbt fresh weight was produced with the
arplication of Ii. ot 9CC ppm at & W.T. This was in
conformity with the findings of Iseac (1505) where onion
bulbs was significantly increased when treated with IAA 2t
high concentrations. (livarcs and Manuel (1962) reported
thzt auxins had a great influence on bulb formation and
develepment in onions. Maximum frults werc chtained in 2ig
plants, when treated with auxins at s high concentration

(8iddiqui and Khan, (1970).

In peas, I4n was also found to stimulate growth at
higher concentrations while ot lower concentrations it
inhibited growth (Robinson, 1975). Similor effects of IAA
were cbserved in the prusent study. Kale nnd Ohujbal (1972)
treated hardwecod cuttings of Gouginvillea with auxins at
1LCC - 2500 ppm, before planting. The treatments were most
successful and resulted in 75% growth comparod with 15% in
untreated cuttings. 100% germination was observed when IAA

was treated on pea plants (Rao, 1975).

When the seedlings of onions, during this study, were
treoted with IRk + K at 300 ppm in the present study, therc
was an inhibitory effect on the bulb fresh weight. This
effeet may have been due to the inhibition of K at both lower

and high concentrations (Declaeghar-Langhot, 1974).



L9

5e2¢3 Effect of grnuth rggg}atora and their combinntions

on bulb dry welight

Maximum bulb dry weight was nbtained when cnions weroe
treoated with IA- ot 600 ppme This result i.aos similar to tho
findings of Sinhe and Verme (1974) who reported a pronouncod

increese in growth of Datura innoxia at 10CC ppm of IAa.

werk done by El-heboucdi and ElMaksoutd (1977) on tomatocs
treated with IAA further supported the above results. 1.5 at
high concentrations were also found to have a significant
increase on bulb weight in onions, (Isasc, 1905). Thomas
et al. (1975) also r ported thot Iax had a significant effect
on cats. Leopold (1501), furthcrmore, supported the resulis
chtained during this study by reporting that auxins
stimulated growth of stems at a rapid rete; it wos also found
thot auxins stimulzted the growth of potato tubers and
artichokes at a high concentration. Nakamura and Takahashi
(1960) showed cell elongation in Fisum sp with treatwent of

Il!‘!;i .

5.3 Effect of the Growth Requlatours and

Combinations on fOulb Fresh Weight during

the Dry Season and Let Season

In the Figs. 1 = 3, it was shown that the control treatment
gave the maximum bulb fresh weight, during the dry season,
while the treatment with the growth regulaters produced the

maximum effect on bulb fresh welght during the Let Season.
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This reduced action of the growth regulators during tho dry
scason may have been due to the water stress on the treatod
lante. CLpions do require a lerce amcunt of water because
of its shallow rrots (Jones and Mann, 1U63). The demand ncy
hove been greater on the plants trected with the growth
reculators. The vinorous growth obteined during the wet
scasen could hove been clso due to the increcse effect of
growth regulators on th: plonts infected by twister discnsc
os suggested by Terr (1972), who renorted that whenever a
plant pathogen infects o plant, it would derange the balance
of the growth regulotors and cause abnormal growth in th:
infected plant. 1In this stury, during the wet season, the
~nion plants were infected by twister disecse. The effect
of the pothogens was further confirmed by Ludwig (1952). He

found thet I~A4 and GhH, could stimulate the growth of infeocted

3
plents of tomatoces. Faethak (1972), furthermore, confirmed
the above result by reporting that pethogenesis could alter
the metaboelism of growth regulators such as liis, Gh3 ant!
Kinetin. He explaincd that secveral fungcl and bocterial
plant pathogens could synthesize auxins in vitro, and an
or K could cause stimulatory effects on various infected
cropse. The result of this study showed 2 similar effect on

onions.
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Chapter 6.

SuMrRY WND CUNGLUSTON

Field expufimenta were canducted during the wet season
(June - October, 4906) and the dry senson (Januzry - May,
1807) at Samaru in the northecrn Guinea Savepna ecological
zone of Nigerlio. This study wss done to investigate the
offecta of the growth regulators; Gibberellic Aeild (EHS),
Indolesecetic ~cid (I4A) and Kenetin (K) and their
combiinations at 30C, 6C0 and 920 ppm O onions. These werc
froctoriglly cambined and lald out in o randnmized complote

block design, with three replications.

During the first experiment the growth regulstors hod
significent cffact on the total fresh weight, at 8 W4T, and
12 WhTe The lazrgest totel fresh welght was obtalned with

the application of GhL, + K a2t 60U ppm. This trestment also

3
increased bulk fresh welght significantly at 12 WKT.

During the Jry sesoson, it was notlced thrt the growth
regulators and their combinations influenced the total freosh
weight, bulb and loof fresh weight ond the bulb diameter only
nt &4 WAT. The lergeat totel fresh weight, tho leaf fresh
weight, the bulb dismeter and leaf dry weigbt were obteincd
when Eh3 was applied at 600 ppm. Ik~ at Y00 ppm preduced the
largest bulb fresh weight ot & WAT, while the largest bulb

dry weight obtained from A4 at 60C ppme
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Ib can thus be concluded that CA,, IAA at a higher

3?
concentrations and the combinations of 833 + K ot 2 lower
concentrations wes most effective. It hos also been found
thet K had an inhibitory effect at high councentrotions while
Ikt had & stimuletory effect ot the same level. 160 was neot

gffective at low concentrations.

The practical implication of this study is that onion
fermcrs in Nigeriz may be able to improve uwpon their yiclds
uf the bulbs by the use of the growth regulators at

appropriste concentrationse.
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APPENDIX 1  KEY 'TC THE TABLES
TREATMENTS NUMBERS TO TR TMENTS

60, .

GA at 300ppm
GA at 600ppm
GA at SQ00ppm
TAA at 300ppm
IAA at 600ppm
IAA at 900npm
K 2t 300ppm
K at 600ppm
K at 900ppn
GA + IAA at 300ppm
GA + TAA at 500ppnm
GA + T4A at 900ppm
GA + K at 300ppm
GA + K at €00ppm
GA + K at 900ppm
IAA + K at 300ppm .
IAA + K at 600ppm
IAA + K at 900ppm
GA + IAA + K at 300ppm
GA + IpA + K 2t 600ppm
GA + Tad + K at ©00ppm
Centroel
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18
19
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Appendix 2:

‘2,

Total rainfall, mean temperature, relative
humidity and sunshirghours at ten-day intcrvols

during the period of trisl at Samaru in 19066,
Month Days Total Relative Mcan o ine
rain- Humidity Temperature "J, r)
rall (%) : Apie
(mm) 10.00 16.00 I‘i:_}:. l’lln.
June 1-10 35.0 6h,.1 B2 29,9 20,7 7.0
11-20 22,6 74.3 55.3  30.2 20,6 G
21-30 2,1 75.3 59.0  30.0 20,1 7ols
11=20 Loty 83.4 67 27.8 19.5 6.5
11—20 914»'9 SL‘-.B 66.0 2815 19.7 ‘;’-.I
21-34 176.6 78,3 70.5 29,1 19.4 7.7
September 1-10 56,4, 77.8 68.9 28.7 18.5 71
11-20 81,2 72,6 By.2 29.3 18.6 5.6
21=30 75.3 76.4 69,2 29,3 19.1 7.0
OC'CObeI‘ 1"10 0 67.5 56l3 30.’4 19.1 ."ng
11-20 0 L5.4 k5.3 31.5 15.8 9.6
November 1-10 0 49.8 31.0 33,0 17.8 240
21=30 0 33.7 25.8  31.1 12.9 73
December 1=10 0 28.6 22,7 26,4 13.0 Osd
21-31 0 22 .14 22,6 27 e 1245 6,7
Source: Meteorological Unit, Institute for Agricultural

Research, Samaru, Zaris, Nigeria,
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Appendix 3,. Total rainfall, mean temperature, relative
humidity and sunshine hours at fen-day
intervals during the perioed of the trial ot
Samaru in 1987,

- e - el

Month Days  Total Héigfi;é"”mm' Mgan 7 Sunchine
rain- Humidity Temperature (QOH;“)
fall ” It
(mm) (%) Max, Min.:

10,00 16,00

January 1-10 0 21.8 19.2 28,8 1.7 5645
11=20 0 18 .1 15.7 32,6 11.7 9.8
21-31 0 24,0 21.h 30.2 13.9 9.2
February  1-10 0 12,9 9.7 30.9 15.0 6.0
11=20 0 13,7 10,8 32.9 16,6 d;9
21-31 0 9.9 104 3.6 17.5 10,0
March 1-10 0 10.3 7.9 32,7 16.4 943
11=20 0 12.9 1.8 36,1 19.2 .8
21=31 0. 18.1 25,1 35,6 22,9 b
April 1-10 - 0 29,4 10.6 36,3 20,9 7.7
1120 o] 19,2 11,2 36,8 21,1 Gi2
21~30 0 6.9 7.8 35.9 23.1 b, 1
May 1=10 0 36,0 10.7 38.7 21.3 99
11=20 0 L7.7 16,8 38,6 23 .4 84
21-31 135,7 64,6 15,6 33.14 22.0 8.5
June 1=10 8., B81.% 63.5 29,8 20.6 OWle
1420 16,2 71.2 53.8 3.1 21.8 &9
21=30 5,2 76,7 68,2 30.1 21.0 7.5

e
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