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EFFECTS OF CONCE!"'TRATIONS OF TWO PHENOXYA"CETIC ACID 
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ABSTRACT 
1n.c cfrc~-u of -:onccntn1iom of2.+di.chJ(ropbcncayaodic ..Od (1..4-D) an d 1. 4 ,5~trichlorophcn<ixyacctic 
a.cid (1, -1 ,5-1) on lhc ~and e•ly sccd1.in& ~1h of Cucwmuopm «lulls (I look. F) Cogn. were 

irwcatiptoj. Tl'lc concentration rang,e of 0..004-W ..,u of the two herbicides ai&nificantly roduood perocnt 

&ermination o( C. •diJu . The J.o.oat ~ (0.00-4 J.M1l ) of 1.4-D and 2,4,5-T induced a reduct ion 
in lhc hypocotyl and ra.di.;Lc knglha an.d the noumba- of Wen~ roots of lhc seedlings. The m.-: d iwn 

conccntntioo (0.4 ~) ofthcac ~ bchawd s.mw.iy \0 the lowct" conocntntion and in addition 

indu.:ed a,swellins at the bypocotyl base o(lbe s.oodlinp. ihc highcr~lion (4.0 ~and 40 ~un ) of 
either 1.4-D or l,A,J-T produced n.aoticwcdlinp. iboN rn.ulta an: di.KusiiC'd with rcfcrenoc to the mode 
o( act ion and probabLe mcch.anian o( actioo ol the two phcno.xyaoctic acid herbicides . ' 

; . ... 
INTRODUCTION 

.([) 

The herbicide is an imp<.mant tool in mech.ani7..cd fanning bccou~ of it ~ usc in the control of . 

weed.! on a large 5eale. One herbicide that was d iscovered quite early nnd hns been used 

cxtcru ivcly all over the world i.s 2.4-dichl~ph~oxyaectic aci d (2.4-D). Thi.s compound, in 

additi on. i5 auxin- like and consequently it is of dlllll intc:rcst 

At high concentrati ons. 2,4-0 show.s very strongly inhibitive effects and produces a wide runge 

of growth nbnormal itie3. Pretreatment of pine seeds with 2,4-D reduced their perccntngc 

germination (~ki , , a/, 1968). Inhibition of root growth5togcthcr wit h malformations of lntcrnl 

roots rerul ting in development of callll$-li.ke structure5 (!ngcnsicp, 198 1) and deve lopment of 

epirul..5ty in leaves and petioles are a fc:W of the herbicidal effects of 2,4-D. In various commercial 

formulations. 2.4-0 is used in selective weoo control in cereals, pastures as well as non-crop 

land5 and forests. ; , -~. 1 . _ ..... ,._ . . .__ . j ,··-
Low concentration of 2,4-D, however: like the auxins! are known to induce elongation of 

coleoptile3 (Aberg and Eli~ 1978).etiolaledepiooty~ofmung beans and pea seedli ng stems 

(Apclbaum and Burg. 1971). >'· _, "' •J·. , ;- . •. , \ ~ . 1 r; ~· 
Some other concentration of 2.~0 ~used for growth ~lati~n activi ties (Akobundu, 1987) 

such u potntoe3.. peas. soyl>-:aru and sugar boet.S., J \ \.: J 1 

J . ' t ~ . \ , , ,, 
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Another phenoxyc.uboxylic acid which re3Ctllbles 2.4·0 in many of its effects but with greater 

herbicidal action in some woody species. i.s 2.,4,5-trichloropbcno>;yacetic acid (Bovey, 1980). As 

a herbicide: 2,4.5·trichlorophenoxyac.etic acid (1 • .C.5-T) is usod for pine site preparation and 

rclea~ from competition (Micluel, 1980). The pn::soenoe of highly toxic chemical, dioxin ns 

impurity in the synth~s of2,4~·Thu, however. led t.o its withdrawal from the mnrket for some 

time now. 

Cucumuopsls tdulls (Hook, F.) Cogn., a member of the cucurbitac.eae is an importnnt crop 

species u3Cd in the preparation of vegetable stews in West·African countries. It :.s, therefore, 

widely cultivated in th~ plac~ very of\co intoaopped with maiz.e and cas.ttava . Under such 

condition, C. •dui/J hu an idditionaJ adv.ntagc ofroducing wood pressure on the fann because 

o( its straggling growth. 

Although 2,4·0 and indeed many of the phenoxy acetic acid herbicides have been used for well 

over S decades now, their mechani.snu of action arc still ill-understood. The object of this 

investigation was t.o study the effects of 2.4,5-T on the "iermination, radicle and hypocotyl 

growths and on the number ofl!lteral root.s of C. ~dulis durirlg course of its enrly growth. This is 

with the view of, producing ~uJ result. that can lead t.o an increased understan~ing of the 
associated m~~isms of action of~ bcrbtcl<b. · · ·· · , · 

-, ~ ~: 
I 

b... ! 

MATERIALS AND METHODS 

Sud prYporatlon: . 1 

The seahofC: eduli.J were bought from a lOcal marlcet in Ile·Ife, Osun state. They were sterilized 

with 25% sodium hypochlorite for five minutes, washed with ·three changes of distilled water 

then finally soalced in aistilled water for tWO hours. The so003 were then used to COil)' out 

experiments as follows: · • 

I \ • 

(/) Effut.J of2,4·D and 1,4,5-T on germination. · ~ , 

73 

The following serial conccntration.s of 2,4·0 were prepared: 0.004 ~. 0.04 ~m 0.4 J.Ull and 40 

J.1Ill . Seeds were planted in petri dishes lined with two tnycrs of Whatmnn No 1 filter paper 

moistened with 8 mls of each te~ solution. In each treatment there were three replicates of 20 

seeds coch. The seeds were inctJbatcd in the dark at lS>c :t.2°C. rooording the germination ot 2 

dny·intervals over a 1 0-<ay per.od. The em~ence of the radicle from the testa wa.s the criterion 

adopted for germination. . . 
t . ( 

Efftct.J of 1, 4-D and ],4,5·T on sudl/ng growth . - --• -
The seed3 were planted in petri dishes and the experimental procedures imd conditions were the 

srunc a.s \n the germination experll,nent dC3Cn"bed above. At the end of an incubation period, the 
hypocotyl nnd radicle lengtlu of the. ~lings were mea~ usi~g ·a metre rule. The diameter 
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of the hypocotyl ba.5e of the seedlings was a.bo me&3urod with the aid of micrometer screw gauge 
(Yousif~~ a/,1979). The nwnber of latc:nl roots of the seedlings werc'also counted. 

The data obtained from three replicates of each experiment repeated thrice were pooled together 

and comparison of the treatffient means were carried out using analyses of variance. As for the 

percent germ ination data, they were tran3formed into a.rcine values prior to analyses. 

RESULTS AND DISCUSSION 

The seeds of C. ~du!IJ which were non-dominant mowed almost 100% gennination by duy 4, 

and more than 5()"1.· germination wu ob$Cl"Vcd just two days after planting. The results of the 

germination Jtudies conducted on C. ~duliJ soeds treated with 2,4-D and 2,4,5-T ore shoWn in 

figures I and 2, respectively. Afier I 0 dnys of incubation, the percent germination of the seeds 

planted in oil the concentration!! of 2,4-D invc~igated were significantly lower than that of the 

control (P ~ 0.05). With reference to 2,4,5-T. the germination studies on the other hand, shvwed 

that by day 10, there was no significant difference in percent germination between the control 

seed~ and those mcub~tcd in 0 .004 IUJl, 0.04 ).1lTl or 0.4 }Jill ; only the seeds treated with high 

concentrations (4 11m & 40 11m) significandy inhibited germination of the seeds. Thus, th~ two 

herbicides differed signiftcantly with respect to their effect on germinat ion. 

Previous workers (Yousif, 1977~ Sanchez-Torres, 1984) hove reported that lower concentrahons 

of 2,4-D have in some instance3 inhibited germination of Cucurbita pepo seeds, particularly 

during the early days of incubation . .Indole auxins and auxin-type herbicides inhibit seed 

germination · and this inhibition is concentration dependent and varies with the plant species 

!Studied (Aberg and Eliassan, 1978). The minirnwn concentration of 2,4,5-T that significantly 

rcduci:d germinati·on of C. ~duliJ seeds was higher than that of 2,4-D, although this does not 

appear to be the case with ~oody species (Bovey, 1980). 

The water germ-inated seedlings, tOdaysa.fterplant ing, were healthy look ing and their hypocotyls 

were long and rather straight except at the sub-hook zone: The hypocotyls which were 

appropriately cylindrical were unifonn in the diameter from below the 'subhook region down to 

the basal ' region. Treated scedling.s- however, varied from being robust to rpthcr thin nnd 

hypocotyb showed pronounced swelling or reduction in diameter at the same base,'depending 

on the concentration of the heJ~icidCs. Figures 3, and 4 show the eiTects of 2,4-D and 2,4,5-T 

respectively on the extensio"n i'rowtl/or the hy.pocotyl of C. ~duliJ seedlings. In both herbicides 

the lowe3t concentration. (.004 j.UTl) did not have any significant effect on the hypocotyllength 

of seedlings (P s .OS). J v 
·. I • '( ~l.l ' :· ; i 

Abo,in the two herbicides, there was significant reduction in the hypocotyl length of the 

scedling.s.that. grcw ,in the mcdiwn ooncentration_i.c .. ~~-and 0\~ :~. (~ ~ ,.0 .05). At the higher ·ll ' ; 
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concentration! (4 .0 1-1m and 40 1-1m) of 2,4-D or 2,4,5-T, there was no mcasuroblc hypocoty l os 

the 5Cedllng development hnrdly progrc3SCd beyond radicle protru"ion stage. 

The concentration . dependent effect of 2,4-D on the e-xtension growth of the hypoco ty I has been 

reported previously in soybean(Key ~~a/. , 1966), pea (Apelboum and Burg, 1972) and in C.pepo 

(Sanchcz-Torres, 1984). 

The graph, of figurc:s5 and 6 repre:w:nt the effects of2,4 -D and 2,4 ,5-T respectively on the growth 

of the diameter of the hypococy,t base of C. ~dulis soedlings. The lowest concentration of 2,4-D 

(0.004 1-1 m) had no significant effect on the hypocotyl base of the socdlings while the higher 

concentration did have significant effect (P ~ ·o.OS). The medium concentration (.04 and 0.4 J..lm) 

caused the hypocotyl base of the seedling to swell whereas the high concentration (4 1-1m and 40 

1-1m) produced the opposite effect i.e a reduction in the diameter of the hypocotyl base. In the case 

of 2,4,5-T. concentration! of 0.4 1-1m, 4 J.Ull and 40 p.m significantly reduced the diameter of the 

hypocotyl bose and only 0.041-lm induced a swelling althe hypocotyl bose of the seedling (P s: .OS) 

The lowest concentration of 2,4,5-T(.004 J.Ull) was not significantly different from water control 

with respect to the diameter of the hypocotyl hue. 

The induction of !Welling by 2,4-D on susceptible seedlings is well established. Apelbaum and 

Burg ( 1972) reported swellil'lgs at the subbook of pea seedlings while swellings at the hypocotyl 

base of the honey mesquite (Meyer,l970) nnd pine seedlings hove been observed . The subopicol 

swellings in soybean (Key ~~a/, 1%6) and pea (Apelbaum and Burg, 1972) wero ollributoble 

mainly to radial expan.sion of cells. In contrast, Meyer(l970) and Wu eta/., (1971) demonstrated 

that the 2,4-D induced !Welling at the hypocotyl base of the honey mesquite and pine seedlings 

must be due to cell proliferation. A similar study conducted on C. pepo by Yousif er a/ (I ?79) 

showed that both cell proliferation and cell enlargement were involved in the swelling produced 

at the hypocotyl base of the seedlings. 

&edlings incubated in 2,4-D and 2,4.5-T were significantly reduced in their radicle length 

compared to those of seedlings incubated in water (Figs. 7 and 8). 

The lowest concentration of2,4-D and 2.4.5-r inhibited the rudicle length of th~ seedlings more 

than 50%. Mer 10 days of incubation of the seedlings in the high conccntrotion of the herbicides 

(0.4 J.U1l and 4 j..lm) the radicles of the 'Seedlings which just penctrot~.-ooJ the seed coot been me 

necrotic. ., 
Water control seedlings were found to possess very healthy,long lotcrol roots, averaging 25 in 

number by day 10. Compared with thc:sc. 'thc lateral roots of the seedling's with the two uerbicidcs 
' •. - < • ' 

were rather short in length and fewer in number (Figs 9 and 10). There were no lateral roots 

' : produced by the radicle of the secdlingS.~ted in 0.4 J.Ull solutions of either herbicides. The 

.1 ·1 .• . ~ M '-''~' vU ,' 1-<)o . ~ M~l-0!) 0 • jc,,._, ~., 0 _,~ .... . ·))o tl l<) t»l :4:-lh.Hdl no1'·tJ.,t1ol~lt:.l .. ~ .:8 ;_.gi ~t 

.T-~I>,t M ~~ ... o lll ,. 
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observation. however. ~ not preclude the fomas.ion of the. latc:ral roots primordia in the 

nffcctccl seedlings. -

The behaviour' of roots in ~nsc to phenoxy acetic acids espocially-2,4-D and 2,4,5-T ICCllU 

to vary from one species to another. The inhibition of radicle growth by 2,4-D and 2,4,5-T ,like 

the principal native aux in is well docwnentcd in the litc:ratw-c (logcnsiep,l981 ~ Pinficld ~~ al. 

1984). In most o f the seedlings studied. inhibition of the radicle length by lhese herbicides has 

been ascribed to suppression of cell division at roo( apiocs of the sccdl ings (Burg~~ a/, 1971 ; 

Pinfield aJ a /., 1984). Meyer (loc.cit) observed an increase in lhenurnberoflntcral roots produced 

by 2,4-I:'- treated mesquites. Massive agg.!omeratioo of lateral roots dcvelopmg n~nr the tip of 

benl grass was reported by Callahan and Engel (1965). On the other hand, with pine seedlings 

a cell uiar proliferation with oo apparent indie<~tioo of lateral root primordia formation ·was 

observed (Wu era/., \971 ). 

A.n imponnnt observation that is suggestive of possible mode of action of 2,4-D and 2,4,5-T IS 

thci r strong inhibitory effects on radicle extension and development oflatcral roots. These effects 

ore suffic ient for pre-emergence usc of lhc.sc: herbicides since both radicle and lateral roots arc 

very cruc ial for establishment of seedlings in lhe soil 

Another pOssible contributory effect to the hcrbicid.t.l action of 2,4-D and 2,4,5-T may be the 

excessiv e swell ing of the hypocotyl ba.sc: of susoep(il>le s.ocdling.s . Such growth could lead to 

rupture of the outer tissue which may fa vour the entry of fung:i and bacteria (Ashton and Craft, 

198 1 ), nl though for the period of incu\Mtion invC3tig.atcd ru..:.h loccratiom were 1m common in the 

seed lings C. ~dulls. 

There i:~ considcrnblc evidence that IAA and 2.4·0 induce ethylene production in plant tis~mes 

(DurB and I3urg, I %8; Grierson~/ a/, 198.2) and that many auxi n cffoct.s are now attributable to 

e thylene (Mulkey, 1982). Pin field tl a/( 1984) too have suggested thnt the 2.4·0 induced swelling 

ofhy poootyl ba!ic of C. ptpo .sc:cdl ingsmny be mediated b)' ethylene and were able to mimic this 

response by application of cthephon (an cthyl~e gcncratjon compound) to C. ptpo .seedlings. 

Thus the induction of a swelling at the hypocotyl b~ofC. tdults socd\ings by 2,4·0 or 2.4,5-T 

or indeed any of the morphological nbct:r:ations ~~in this study . may either be due to the 

imm ed i11te effects of these: herb icides or thcir later dfocts, mediated by ethylene, a matter which _, 
will requi re further invest igation. 
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