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PREF'ACE

ltris rork @an in 1982 as a research project designed for

neasurirg scrybean plant injury caused by enviromental factors. Ttris

irnrestigation, including my Junior Scientist salary, was supported b1r

a grant aruarded to W. &. Kould<ari ard B. W. Kenredy frcxn the Mirutesota

Soybean Research and Pronrotion Courrcil. I was infblved in ttre

desigmrq ard planning of ttre fietd operilents while enplq@ by W.

L. Koukkari. Tfie greerihouse o<penfuents rere corducted at ttte

University of Mjnnesota under'my strpenrision vtrite I was enrolled as a

student at the University of lilisconsjn-Stevens Foint. At this tiJnet

the project had produod significant results and portions of it rlere

presented at tlre [f,crld Sof&ean Conferene in Anes, Iowa on 11 ifanuarlz,

1983, Authors included w. L. Koukkari, B. W. Kennedy, L. Carlson,

D. P. Pacolt, arxl M. Couderchet. The stage-ofdenelopent portion of

my nesearch was orducted at the tlniversity of !4innesota dtring

Decernberdanuarlz, -1984. At this tjJre I was on Christrnas break fron

the University of Wisconsin-Stevers Foirt. llhis research is beirq

continued at the University of Minnesota urrler ttre direcbion of W. t,
Koul<kari.
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ABSTRACT

Unjjoliolate ard trifoliolate learres of Gllzcine mql (L.) ttden.

(solrbean, e\r. E\ransl plants at five stages of dwelolxnerrt rere sanpled

for chlorophyll content. Unifoliolates shcred sigrnificantly higher

chlorophyll levels than t:ifoliolates in the vegetatitre three (V3) and

reproductive one (R1) stages, ard lcnler levels in the last three

reproductive (R2, R3, Rg) stages. Trifoliolates shcnrcd no significant

differenes betteen different stages or nodes. Injurlt bV partiaf

defoliation to trifoliolate leaves was determined by aoryarison with

that of boti unlfoliolates and trifoliolates wtrich rere not srlcjected

to partial defoliation. FolloHring defoliation, tIrc chlorophyll

content of tlre unifoliolate and trifoliolate leaves fron mildly ard

severely defoliated plants increased signifieantly conpared to learres

of plants not sulcjected to defoliation in three ort of four cases.

Significant. di-fferences in chlorophyll lerrels betv,een mild and severe

defoliation lere rpt errident in grewfnuse e<perfurents' but field

o<perinrents showed significant increases in chlorophyll levels of

severeLy defoliated (rcnparea to mildly defoliated) top trifoLiolates

rrrder drought conditions and unifoliolates when ttte field was

irrigated. Results rrsirq ttre chlorophyll assay irdicated that older

Ieaves of a of plantr aorearea to lourger learresr were the rnst

sensitirre with respect to ctranges in cifilorophyll levels in plants

subjected to parcial defoliation.



I}TIRODT'CTISI

ChloropLryll lerrels are kncnn to decline during the aging process in

plants ard tfrese levels can be affected W injury. Injr.rry by decapitation

or partiat defoliation increases rEtny constnrctirre or slznttretic processes

of the remaining shoot material. Tfiis enlrancenrent is nranifested byr

increased grotlt$r rates (Hoqdlcinson et al. L972t Hodgkinson 1974, Carmi and

Koller LgTg I Binnie ard Clifford 1980) , ptrotoslmttretic activity Oareing et

al. 1968, l,teidner L970, carmi and Koller L97gl, as rell as protein and

chlorophyll production (I{areing et al. 1968, carmi and Koller L979,

Katagiri and Tsuji 1980, Van Staden alrl Carmi 1982). The npst dramatic of

tlrcse is chlor@yll proiluction, arxl because of this, it is widely used as

an index of the effect of injury to agrrq plants (I€opolcl Lg6Lt lrtcod6n

1980a). A sensitive biological assay for neasuring the effects of injury

caused by recharfcal' chemicalr and biological agents has been derreloped

based on chlorophyll levels of the rernainirg stroot material after partial

defoliatlon (Kot*kari et al. 1984).

Sirce defoliation is kncnn to increase chlorophyll tevels (Van Staden

and Carmi 1982) ' it should be trnssible to study the effects of defoliation

on senescen@ by mrnitoring ttre chlorophyLl content of t}re remaining

attached leaves. Ttris lnssibiliW ruas tested in ttre present shdy.

Tfie effects of defoliation on chlorophyll content of the remaining

shoot material may depend on the sevenity of injurl'. Itrerefore,

et<perhents vere designed to determine wtrettrer ttre chlorophyll lerrcls were

also deperdent rpon the severiQr of defoliation.



RE\TTEW OF LIlMA:ruRE

Senescence is descri-bed as an internally prograrned, deganerative

prooess leadirg to the deattr of an organismr and is a nonnal process

of plant aging (Leopold Lg6Lt l.Iood6n and I.eopold 1978, Nood6n 1984).

Senesence in soybeans inrrolves the loss of the older organs

acconpanied Sr continued prduction of rrery organs v*fiile the plant ls

lFc'wing. ltre ffulst orTtan to senesce is normally the cotlzledon

(Leopold 1961).

Senescence of one plant part may be influenced or controlled by

anotlrer. Healttry grcnring regions, such as shoot apices with loung

learles, may irxlue leaf senes@nce of older, basal learres trcoa6n ana

Ttronpson 1984). Renpval of these actirrely grcnving regrions delays

senes@n@ of older leaves (t{olisctr 1938, Nood6n and Leopold 1978).

In soldceans, reroval of the apex prevents cotyledon senescence

entirely (I€opold 1961). The sare apical influenoe applies to leaves.

Renrnral of ttre apo< before develoSxent of four or five trriJoliolate

learres appears to Selay seneserrce. As the plarrt srritctres from

rregetative to reprodrrctive grcnrttrr there is a ncbilization and

redistrjbution of resourdes (nutrients) fron vegetative to

reproductive parts (Dentrolm Lg75t lbod6n $84) . Itre derzeloping

flowers and pods beoone the final sirrks for phloem translocation.

Renrcrral of reproductive parts delays senescence of ttre vegetative

parts (Ieopold 1951). The delays in senescencre are reflecbed in

ilcreased chlorophyll lerrels of older leaves as conpared to lounger

leaves.

Regulatory signals that are exclranged betrrcen parts of the plant

duriag derrelopnent may play a role in the increased chlorophyll LerreLs



of the remaining shoot material foUoring defoliation (l'Iood6n 1984).

lllre nature of these signals ard tlreir effects on chloropfiyll leveLs

throughout the plant following injury is ureertain, hcn'errer, thery na1'

possibl"y involve pfiybcfiormones and nutrient flur<es (Wareing et aI.

1958, Leopold arxl }Iood6n 1984).

Foliar senesc€n@ appears to involve pfrybhormones that both

retard and jnduce senescen@ (Nood6n and leopold 1978). The primary

phytohornorres involved in the delay of senescence are atn<in ard

cytokinins. ClrLokinins have been sho*n to delay senesc€nc€-related

pro@sses such as chlorophyll, proteix' arxl FtdA degradation (Uood6n

1984). Qrtokinin is slmttresized in the root tips arxl transported to

ttre leaves tJrrought ttre :qrlern via tlre transpiration stream (I€tham

Lg78, Van Staden and Davey Lg7g, llood6n and ltronpson 1984). lttese

qftokinins may ttren be netabol"ized to ottrer products at relatively

h'igh rates in the leaf tissues (Se:rton and libolhouse 1984). The

supply of c1ftcil<inin traveling rryward frcrn the roots seerls to be shared

anDng the shoot oqgans, sinoe rerpval of one, by partial defoliation

or decapitation, leads to a greater accurnrlation and availabiliQt of

qfbokinins to the rernaining shoot materjal tlhjrnann 1980, Van Staden

ard Carmi Lg82l. The longevity of e><cised leaves is knc&tn to be

greatly erbended by the forrnation of roots on these leaves (t{otisch

1938, Ctribrnll 1939). Richnprd ard Iang (1957) fourd that qftokirrin

application greatly e!fterded tlre life span of detached leaves b1z

delaying chlorophyll and protein degradation. The similarity of tlre

responses brought about b1r decapitation arxl c'jftokinin appLication

sul4nrt ttrc trypothesis ttrat partial defoliation redues the

corqntition betleen the shoot or1tans for cytokiniJrs frorn ttre roots,



and hence, jncreases ttre availability of cytokiirins to the remaining

shoot material (Sitton .et al. L9671. Partial excision of tlre roorts

causes a foliar yelloring, wtrich rnay be relieved tryr applications of

cgokinin (Carmi and Koller Lg78, lqood6n 1980b, tibr.rmann et aI. 1983).

Delaying of leaf senescence is ontrolled rpt only b1r a decreased

demand for cytokinins jn t}re shoot, but also an ilcreased supply of

qftokinixs from the roots (Van Staden ard Carni 1982).

Obsenrers have rroted that oonserration of chlorophyll is rpt

ccnrpletely restricted to the action of cytokinirs. Alsin also delays

senescence in solzbean leaves, hcnever, its effects differ sqrH+trat

frcnn those of cltokjnins (Osborne 1959, Osborne ard llallway 1950).

ftre cornbination of the tlp may be nnrdr nnre effective than either
(

Ialone (Nood6n et al. 1979). In Niootiarn nrstica leavesr bottl

cytokinin ard arxin are required for na:<irnal retardation of

chloroptryll degradation (Hngelbrecht and Conrad 1961).

Abscisic acid (ABA) is annng the kncmr senescenctsinduci"rg

honncnes Srresent jn leaves. ABA appears to have little effect on

young or non-serescent leaves, br.rt does aceeLerate chlorophyll loss in

older leaves already indUced to senesce (Lirdoo ard l,Iood6n 1978).

E\ridence suggrests that it may rnt be tJre oonertration of a single

plant honncne tiat is furportant in delayirrg or initiating senescence,

but rather concentrations of hormrnes relatilre to each other (Oritani

arrd Yoshida Lg73l. Ljndoo and wood6n (1978) fourd a decLine in

eytokinin-Uke activity with concrcrnitant increases in ABA-like

intri-bitors in older senescing leaves. High concentrations of

cybokinins prwent t}re senescence aceLerati:ng effect of low

concentrations of ABA (Aact< anl Richmord L97Ll .



RedistriJcution of nutrients has figured very proninently jn

research directed tcrmards the causes of ssrescenoe in the soybean

Nood6n 1980b). Given the limiting sr:pply of nrany rni-nerals jn ttrc

soil, it may be necessary for old assimilates as vell as nent

assimilates such as amino acids (nitrogen enpouruls), carbon oorpourds

(sugars) and certain mlnerals (e.9, phosphate, Sntassium, magnesium,

and iron) to be redist:ibuted from older senescilg leaves (sources) to

younger learres (sinks) catrsing a nutrient deficiency in the older

leaves. EVidence strongly indicates that high conentrations of

qftokjnins regulate mineral oport frqn leatres by establishing sirks,

or areas that preferentially attract and concentrate nutrients (ie.

grcnring tips and exparding leaves) r ruhile sqrroe organsr (older leaves)

loose the chpacity to am.rmulate cytokinhs ard nutrients, theretryr

causirg changes in drlorophyll slmtJresis, as rell as protein and F0{A

slmthesis (witham ard lfilter 1965) . 9f,tlen introduoed into the r(ylem

throu$ the crrt base of an e:<plant, q*okinins iJl combination with

mi-rrenal nutsients _are able to sulcstihrte for the products of the rmt
syston in delaying foliar yeilcnring ty nerely prfirrting uptake of

m:ineral ions frqn solution (Garrison et al. 1984).

Of the irdividual nutrients, nitrogen may have the greatest

effect on chlorcphyll levels since it is an inportant conpourxl

involrred in ctrlorophyll structure (Devlln ard witham 1983). Ttre

redistrjJrution of ninerals, especially in tines of injury

(defoliation) represents an furportant retrierral or rmrrcry of

nutsients from senescing organs arxl allcnrvs the plants to crrpe yrith

injury rpre effectively (Nood6n ard l€opold 1978).

It is atr4nrent tlat upon injury, rnan!, processes rathen than a



single primarlt process accotnts for

degradation in tlre remaining' leaves

tlre delay in chlorophyll

of solbean plants (Nood6n 1984) .



MATRTAI,S AhID MHTHODS

Plant lutraterial

Stage-of-Devetoprnent (SOD) D<perfurcnt

Gre a leek, for five rcnsectrtive weeks, seeds of Gltcine nnx

(L.) Merr. Gv. Evans vere planted in firre round plastic trnts (diareter

ca, 15.2 crnl oontaining a mixhrre of soil ard vermiculite (3:1) at a

depth of 2 cm. Seedlings rrere wateed daily with distilled water ard

maintained jn controlled envirorurent dranbers at ca. 25 degrees C, 70t

relative hunidity (RII) , and on a LD L2rL2 regire of L2 h lidrt
follcned W L2 h darkness. Illunination was supplied W 32

fluoresqent lanp (F96T12-CT{-I07 G.E.) suppleuented wittr ttventy 60-

watt incardescent lamps (G.8. code60A21/TS Traffic Signal gpe) and

prorriding 300-450 mE/mz's of ptrortoslmthetically actirre radiation at

pl"ant height. Ieaf ctrloroptryll was assayed in these plants after

three to seven ldseks. fhe first lfrqrp of plants had reached tlre

reprodtrctive stage referred to as R; (ca. seven veeks old) ntrile the

plants started fiqg weeks later vere in the vegretative V3 stage. the

system selected for gu:ouping sol,bean plants into various vegetative

ard reproductive stages rrias based rryon a standard solbean procedure

(Fehr ard Caviness, 1977). Fine of these stages of derrelopnent and

their ctraracteristics are shcrdn in Table 1.

Greenhowe SqprinBnts

Seeds (cv. Errans) rlere drrsted with Captan fungicide and planted

at a depttr of 2 crn in 12 x 12 cm plastic flats contaiairq trnrlite.

After 15 days, 98 plants were transplanted to rourxl plastic trnts (15.2

cm, 1 plant/pot) ontainlrg a mi:<hre of soil, peat arul expanderdt



Table 1. Description of

scybean Plarrts

L9771 .

vegetative and reproductive stages in

(npdified slightly from Fehr and Cavinessr

Stage no. *
Abbreviated
Stage title Description

v3 Ihird-node

Beginning bloont
zull bloon

Beginning pod

zull pod

Beginning seed

Ftrlly developed leaves at tlrc
unifoliolate and ne:rb, trp
tri-foliolate nodes.
Main stem has one open flouer.
Q>en florrcr on rnain stem of one
of the tr,va upperrmst nodes
having a fully developed leaf.
Pod 5 rm long on the rnain stem
of one of tfie four uptrnrrnost
nodes having a fully developed
leaf .
Pod 2 cm lorrg on tlre majn stem
of one of the four upperrmst
nodes having a fully developed
leaf.
Seed 3 rm lorrg in a pod on the
rnain stem of one of tlre four
uppernnst nodes with a ful}y
developed leaf.

li
R3

R{

R5

*Refer to Figir:re 3 for illustrations of plants jn each developnental

stage.



polysqn:ofoam (1:1:1). llrey rcre watered daily with distilled lrater

and maintahed in the greerihouse (St. Paulr MN, USA, 45 degrees N)

qrder natural illunination (experfu€nt A started 11 April, 1984, and

operinent B started 12 July, 1984). fhe plants wene sulcjected to

defoliation (nechanicaf injury' subsequently described) wttst they were

five lreeks of age.

slslgW
seeds r^rere scrhrn with

feet long in St. Paul , MN

population was ffiinned to

a neclranlcal field planter jn 16 rcrrrs I L25

(45 degrees N) . Mter tr4to weeks the plant

one plarrt everlr 2 cm in L4 of the rcffs t

Ieavirrg trp o.rtside rcnls as border rcfi,s. 9{tren t}re plants lere four

sreels old tfiey rere sulcjected to defoliation (rectranical injurt').

E<perfurcntal Design

In the greentrouse experinent, 72 plants were selected for

uniformity of dwqlopxrent arxt arzanged in a 9 x 9 rarxtonr block design,

with six pl.ots, each oontainirrl four rows of three plants each and 20

replications of each tredtrent (control, mifd ard serrere). llhe field

e<perirrent, was divided jnto six plots, each plot oontaining sjx 7 foort

sulcplots, each sr:lcplot contaiining fqr rcnm with 48 replicalions of

each treaUnent (control, mild arvl severe).

I\rso rethods ware seJ.ected for statistical arnlysis of the data:

ttre arnlysis of variance F'-test and [tre Hest (cf. Snedecor and

Cochran, Lg67l. The T-test was perfornred on ttre stagercf{eveloprent

ard greentrouse experfurent data arxl the F4est for the field elperfurrent

data using MlNr a statistical package arailable on the University of

10



ptjnnesota cornErter systerns. Treatnent tte€rns rere conpared usirg trc

different nethodsi oontrasts anl the l{ewman-Keuls Studentized Rarge

rethod.

Defoliation (!'bchanicat Injury)

In bottr the nuild ard se\rere treatnents, the Leaflets uere cut

wittr a srnall scissors, leaving only the bottdn and top fully expanaea

leaflets to be used for chloroptryll salrplirg. Mild treafircnt

consisted of rerflrrrirg tlre twp lateral leaflets of ilte trifoliolate

leaf and severe treatment consisted of rerori:i-ng tlre entire

trifoliolate leaf at ttre base of all three leaflets (Figure 1).

Ieaf Sarples ard Chloropttyll Assays

In t}te stage-of-derrelopent e<perfurcnt, firre plants frcrn each

stage !'Ere sanpfed ry cutthg sne disc with a 7 rm cork borer frcrn

each half of both unifoliolate Leaves (four dlcs totAl) as vell as

each half of the -trrrc lateral trifoliolate leaflets on e\rcry node up to

ard including the top fully s<pardea t:ifoliolate. lttre rregetative

tfrree (vl) stage aoQrledbns were cut in half lerqtltrise, Chlorophyll

sanpling jn t}re greenhouse plants uas sjmilar to that of tie stagercf-

derreloprcnt e:<perfuients, et(cePt that only the bottom and top

trifoliolate leaves lrere sanpled ten days after injury.

In the field operinrents' chlorophyll sanples onsisted of the

right half of one of the r:nifoliolate leaves (only in 1983) ard tlte

right half of the termirnl leaflet on tlre bo,ttom and top fully
q<panAea trifoliolate leaf, o<cluding the nuidrrcin, ten days after

injury (FiWre 2r A ard B). the left half of ttte leaf vms saved for

1L





fiWre L., ,'A conEol tuninjured) softean trlfoliolate leaf tA)
,

':
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. injury **is oe r:emlvtrg tfre qltlre trifol"iofate feat
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Figure 2. stepvrise pnooeArc;,for,wllcting leaf saryles atd

.......:-:....,,...'..:...:.:..'.
,, , ' , , , . ,, .gryptes ons*td of tt€ right blf of ttrq tsrd:nal

triJoliolate leaf , exchding tte mid\rein (B), tar dalns

after injurlr. Leaf sanples rere rolled (C) to fit irrto

an extraction tqle cultajJ}frg| 3.5 ml of r95t ettunof (D),
,

, , .

, . , ir*o '* '*li*t!* a*" 
' 
{r} (mdified ;ri*ttry

I '' ,' ' 'r r *dr* et ar; rg7,T.,' sarbr* rlere ting ot*rr'
' . 'zl.s'*t *';d;a,..ii ',r* * sare,eotr** '

filled wiilr 3.5 mL of etharpl arxt kept in darkxess, alorg

'...*nitt,*:r,*.'*rtn]**.*.,nr,*,*..rtepmcearre
' :: , was retrlgd tt* ta""' att* forla *"u.f *r** of 18 ml:

,, 
'' - 

oollection trb* ' r.ltt*tiats ard :* f : ' 
'
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futtrre strrdies on protein ard potassium.

Itre general procedtres for chlorophyLl er<traction in the $D and

greenlouse e<perirents here very similar to those p:blished elsenihere

(Itnudson et aI. L977, Korkkari et al. 1984). I€af discs from SOD ard

greenhouse ocperirents rere plaoed in 12 x 75 nm plastic eurtraction

tubes oontaining 4 ml of 95t ethanol, capped, and rnaintained in

darkness for ca. 24 hqrrs. After 24 hours the liquid, occluding the

Ieaf material, was decanted in a 20 x 150 rm glass collection tfbe.

the leaf discs vere then rinsed with 2 ml of 95 t ethanol, and this

rras decanted into tie sane collection tulce. ltre extraction tr.rbes with

tlre leaf discs vere refilled rrrbh 4 ml of 95t etlranol and kept irr

darkness, along with the oollection tube, for 24 hours. Itris

procedure was repeated tllo nrrre tiles for a combired rro}une of 18 ml

in the oollection tulce.

Briefly, the procedures for oollectirq leaf sanples and

extracting chlorophyll jn the field o<perfurents are illustrated in

Figrr:re 2, A-F). Field leaf sarples vere rolled to fit into tlre

octraction tube (FiErre 2, C ard D). Because of ttre larger sary>le

size, ttrc chlorophyll extraction procedure was mrdified to use 3.5 mI

of ethanol for each of three extractions | 2.5 ml rinses, fot a total

volune of 18 ml. Follocing the final decanlirq procedure, the

rernaining leaf material was dried at 70 dega:ees C for 3 days and drlz

weight in ry was determined. Ttle absorbances of ttre chlor:ophyll

extracts for alL e<perfurents vere neasured usi.trg a spectrophotoneter

(Becknan, nrcdel 25) at 649 nm arxi 665 nm. A conbhed equation ms

wed to e:press total ctrloroptryll as ;uglrg dry rreight of tissue

(Wintermans ard nernots, 1965).
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RESULTS

Ctrlor@hyll l-errels in Relation to Stage of Develogrent

ltre chlorophyll levels in ttre learres of sqibean plants nene

related to the age or stage of derreloSnent (Figure 3, Table 2) and to

the e$ent of injury (defoliation) applied to the plant (Tables 3'4).

In lor.rrg vegetatine plarrts (Vl) the unifoliolate leaves had a

chlorophyll content of 48.0 t 9.7 ttg/Eq dqir rcight (d.w.) conpared to

a lerrel of 33.72 t 3.6 pqi$q d.qt. in the first trifoliolate leaf. A

similar difference o<isted betreen tlre unjJoliolate leaves ard tryper

trifoliolate leaves in ttre early reproductirre stage (Rl). As the

plant matured, tlre ctrlorophyll levels in the turiJoliolate l"earres

deCreased. ltris decrease $ras \terlt pronornced beteleen the R1 stage

(4L.34! 6.7,119) and the R2 staEe 23.L2!7.99/ug). Trifoliolate leaf

ctrloroptryff withix each stage shcnpd a gradual increase up to the tno

yorngest nodes with a slightty lcner rralue for the youngest rode.

Ctrlorophyll lerrels rraried in ttre ildividrral rpdes across the stages as

ve}l (FiErre 3). -For o<arple, in the secord trjJoliolate leaf ,

chloroptrlrll increased from the V3 126.46 * LA.29 Pgl * *t- stage

(37.03 X 4.49 pgl arxl t]ritn gradually decreased as the leaf maturred.

Similar differences in chlorophyll levels betreen unifoliolate and

tri-foliolate leaves for ttre R2 stage were obserrred in ttre tHo

greenhouse (Table 3) and tcrc field ecperinents (Table 4).

Changes jn Ctrlorophyil I€vels Follcffirrg Defoliation (Injtrtrt)

IIre ctrlorophyll lenels of mildly ard setrerely treated

unifoliolate and bottcrn ard top trifoliolate leaves d.iffered frcrn the
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fi$xe 3. 'lotal cfitarophyll Fglry d.w.) :levels fu ootelydonmy

: . . (c),,'wrifoliolaq: {u}r' d,trlsoliolaled (t} leaves of
'' ,., I ' - I , :

sql&daq plants rangjry frqm early rcEetatil€ stry $l)' , , : .. '

to r€erodtrtlve st4res tR1. to R1l. Erch rraltre rWnts
, .' ... tlp ttean t standard error of tle npsr at firre replicatims.



26.46
t | 0.29

48.00
t9.7f

30,40
t 4.50

3?.03
t 4.49

41.34
t 6.70

33.?2
t 3.60

29.49
t 5.33

28.36
t 5.16

30.62
t 3.85

26'47
t 4.13

27,11
t 6.29

%
I 18.57
t 10.50

29,25
t 3.40

24,89
t {.32

33.1I
t2.29

| 7.56
t 6.12

40.61
t 5.97

28.!9 i3,ll
t 4.30 -' 

r'r

31.16

ZB.g0 t 5,30

t 3.71

25,26
23.36 t 5.10
t 5.48

18.1 6
t 4.30

R3

28.50
t 8.29

30.42
t 5.32

27.99
t 4.81

29.43
t 9.18

R1

29.82
t,4.22

29,77
t 3.10

24.98
t 3.52

29,12
t 7.99

R2







Table Z. Tota} c*llomophyll frylnV d.w.-) ,lerlels'sf ooQrledonarl"

rmtfoliolaHl,, and .EifolioXaH,, leate of, q@an plants:

ranging frqn early vegetative stagm $3) to

repraleqive $ryes tRl'to 'R1l , ' Edch rnalue reprerynts the
:

nean t stadard errer of tfp.tlean,at five replietions ,

...'
(nefer ,to tr'igure 3).
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Table 3. Total chlorophyll [rglrrq d.w.) lenels of tutifoliolate ard

trifoliotate solbeanr Glycine man (L.) Merr., leaves

in tl,o greentrorrse e<peri-rnerrts (A and B). Leaf sanples

crcnsisted of eiths one half of a niddle leaflet from a

trifoliolate leaf or one half of the unifoliolate leaf

(Figure 1). Sanples hanrested ten days follcrring the

o<cision of tlrrc (mild) or all tlree (severe) leaflets

frsn all expanaea learres (2-3) above ttrc oldest

trifoliolate leaf of plants h R2 stalte of developnent.

Each value represents the rean t standard error of ttre

rean at 20 replications.

qsFeri$e$: A

I€af None

Lnjuqy

Mild Severe
Top Trifoliolate

Bottom Trifoliolate

Un:lfoliolate

8.67 i2.3

5.08 f 1 .L2

5.29 t 0 .97

9.61 ! 2.89

7 .Lzt 1.63*

5.83t 1.44

l_1.31 t 3.33*

g.ggt 2.00*

6 .77 t 1.57

*significantly di{fermt from controf (uninjured) (P-valueg.05} .

Elpgfinent, s

Leaf None

Ipiury

I.fitd Severe
.38 f 3:00

13.29 t 2.30

11 .34 t 2.86

2L.L7 t 3.30

L4.06 t 2.63

11.76t 4.44

Bottom Trifoliolate L2.35 t 2.7A

9 .L7 t 3.88Unifoliolate

*sigRjJicantly different from ontrol (uninjtrred) (P-rralue<.05) .
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Table 4. Total chlorophyll Y,tglttg d.w.) lerrels of unifoliolate ard

trifoliolate soybean learres from field eqperfurcnts

corducted jn 1982 (A) and 1983 (B).. Ieaf samples

consisted of either one half of a middle leaflet from a

trifoliol"ate leaf or one half of the unifoliolate leaf

(Figure U. Sanples trarrested ten days folloring excision

of trm (mifd) or all three (severe) leafLets from all

expanded leaves (5-6) above the oldest tri-foliolate leaf

of plants h Rl stage of developrent. Each value

represents tJte nean ! stardard error o,f ttre nean at 48

replications.

Leaf

rimsrt A (drought conditions)

None

lnjHy

Mild Severe
Top Trifoliolate 7.99! 8.50 t 3 .54

7.44+ 1 .72 10.95 t 5.98*

L2.35 t 1.47r

11. 22 !2.7 6r,Bottom Ttifoliolate

Unlfoliolate

* significarrtly** sigrrificantly
different from
different fron

control (trninjured) (P-value € 0.5) ,
ndld injury (P-nalue='0.5) .

prnf:rimeg$: 9. ( irrigated)

I€af None

Injqry

Mild Severe
Top T?ifoliolate

Bottom Itifoliolate

Unifoliolate

14. 81

13.5 t, 4.22

3 .50 t 3.54

13.97 L 3.79 L2.95 *, 2.70r'

11" 62*,3.91*

4.31 rL.9-7

10.58 t 4.62r,

different frsn control (uninjured)
different from rn:lld injury (P-value

5.97 t 1 .44

(P-value s.05) .
g .05).

* sigrrificantly
** sigrrificantly
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Figure 4. Bffeets of n*Id ard ser,€re fuJury (defolibtionl sl , . ,

, ', ' '.*tlry, *.'Fgl*,i*.),; tiorat*,

, , trifoliorate,arxr&;-t *rt--*,ror.".i
, Eac*r bor represents . ate' e$*iirent, '

.t, I m'*a gl. 'vrl,r* 
*t - ,rb* o ** ;

,1, , , , ,111r "r:'*'il *a ,o *tications 'trp-rer ta T&le 3

: ' 'for "ctnf
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control (gninjured) in all o<perfurcnts. In ttre greentrouse experinents

(A and B) t}ere $1as an i-ncrease in chlorophyll utrnn defoliation

(injury) (Table 3, Figure 4). For e:<anple, the ctrtorophyll lerrels of

tlre control (r,rninjured) top trifoliolates jl e<perinent A (8.67 t 2.33

pg) riere significantly lcner tlran those of both mildly (9.61 X 2.89

,ry) and severely lnjured (11.31 t 3.33,pg) plants. Itrcse trends were

also evident in field eqperfurent A ard o<perfunent B wrifoliolates

(Table 4, Figure 5). I_oter chloroptryll lerrels ocq.Ered in the bottcfit

arxl top trifoliolates with increasing defoliation or injury. Within

tlre treatnents themselves, trifoliolate leaf chloroptryll irseased

from the uniJoliolates as ttre leanes matured, similar to that observed

in the aontrol (uninjured) plants.
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Fi$re s. 
"tt"*" 

of nrild "* serL ;3 i*t&t-sr ' ,'

*r"r"erryrl le,rrcls .!";., *' tori*. 
'

trifoliol.ate, ard tcp trifotiolate sq&ean lea\res. Eacft

' ,'l 
, 
,, 

., '" *;;l'i *t*,l n *'8} orrr"rct"d

.,: ::: . . *'.s ; ** *n- Ir*"ri,*,tle st1 1d

error of tle nean o,f 48 replications (r,efer to Table 4
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DISCrrSSlobr

In the SOD eperimentr cotyledons shcnred high chlorophyll levels

folfcnrlng seedling emergence, ttrcn decreasilg levels as nerr groring

unifoliolate leaves energed (Table 2, Figure 3). V{tren triJoliolate

leaves enrerged, unifoliolate leaves extrjbited decreases in chloroptryll

lerrelsi Sjmilarilyr €ls nery trifoliate leaves ryed, older

trifolioLates sholred decreases in drlorophyll terrels. Tfiis

progressive trnttern oontjnued as new leaves were produced by the atr)e>(.

These finrirqs zu;port ttpse of ottrer auttprs suggesting declines in

chlorophyll levels as r'lell as other leaf onstituents ard processes to

be amcng the earliest signs of solbean leaf senescenqa (L€opofd 1961,

Nood6n 1984). I-crder chloroptryrll levels are reflected in the

progressive pattern of senescence of older organs (leaves) as enpared

to yourger parLs of tte solbean plant, (teopord L9GL, Koukkari et ar.

1gg4) .

Injurl' (defoliation) to a portion of a plant may verl' well affect

chlorophyll levelrs in ottrer portions of the plant. unifoliorate and

trifoliolate leaves of control (unjrrjured) prants e<rribited

chlorophyll decreases as ttre plants matured (Table 2, Figure 3). rhe

highest chlorophyll levels existed in leaves on the )rourger porHions

of ttre plant. Ttris can be seen in tlre control (r:ninjured) plants in
Tables 3 and 4 as vell. ulnn defoliation, horerrer, chlorophyll lerrels

of injured plants were trigher as compared to ttre control (uninjured)

plants jrr both ttre greentrouse (Table 3, Figure 4) ard field (Table 4,

Figure 5) ecperiments. Ctrlorophyll levels inc*eased as the severitl'

of injury ilcreasd in field e<perinent A top trifoliolates ard

uniforiolates of e<perinent B, in particular. rtlese firdings are in
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basic agreenent with those of lgood6n (1980b) and Koukkari et al.

(1984) . htood6n (1980b) fourxl tJrat decapitation (rercval of lpurqrer

leaves and ape:<) can prwent chloropttltll Loss in older leaves ard can

even reJtruenate ttrem. Koukkari eJ a!. (1984) shcnrcd tnat mild and

severe jnjuqf by partial defoliation to leaves of llelianthus ard

Albutilon plants jncrrcased the to,tal chLorophyll of tJte cotyledons,

with tlp highest chlorophyll irr the coQzledons of plants injured

severely.

Enviroruental stress corditions (other than injury by

defoliation) can be o<pected to alter senes@nce processes including

chloroptryll content (Sarct and Sinclair 1980, l.bod6n and ltronpson

1984). Fluctlrating ervi-ronrental factors such as nnisture, wird, ard

soil-borne organismsr rrEy account for the decreased chloroptryrll lerrels

on the average jn the greenlrouse (Table 3) and field (Table 4)

e<perinrents in oomparison to ttre controlled environnental mrditions

Jn tlre SOD experirent (Table 2). In the 1982 (A) field eperiment

plants, drotryht co:rditions may have affected root ptryzsiologry,

resulting in a decreased lerrel of cltokin:furs in the xylem sap, as ws11

as nutrient deficiencies'rezulting in drlorophyll loss (Richnrcrd and

Iang 1957, Elurrows ard Catr Lg6g, l,lood6n and Leopold 1978) as cornpared

to 1983 (B) i:rigated rcrditions.

Iarge differences e>cisted jn the standard errors of the nean in

chlorophyll levels of wrifoLiolate arxl trifoliolate learres withjn ard

betteen o<perinents. Iarge standard errors rere errident jn tfie SOD

expeninent (Table 2) conpared to greentrotrse (Table 3) ard field (Table

4) e<perilents. These differences may have been due to tJre variation

in the chlorol*rylf sarpling nrethods (refer to rnaterials ard nethods).
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Because ttte SOD erperirnent involned tlre use of discs, the variabifity

in weighing tlre samples in rg nay harre oontritnrted to a ga:eater

possibility of error. Secondly, the replieation size varied betseen

each o<penjJrent. the SOD operirnerrt invofved five replications,

wtpreas tlre greentrouse and field e<perinents used 20 and 48

replicationsr respectively. Because statistical calculation of ttre

stardard error of tlte rean includes division hryr the square root of tbe

sarple size, the hidter the nurben of replications, the less ctrance of

error if the sarple is representatirrc of the pognrlation (Snedecor ard

Cochran L9671. Tfre ptrpose of this paper is to reach appropriate

corclusions about each popr.rlation despite sample variation.

Senescene irnrolves decreases in ctrloroptrl'll leveLs and ttris loss

has been selected as a eitenion for neasuring senesclgn@. It shqrld

no't,, horever, be the only aceptable neasure. The use of only ore

Snrareter to tlte enclusion of otlrcrs lptrld be inappropriate, sjrrce

senescence alnpst certainly irvolves a oonplex of rqz constitrrents and

processes (Nood6n-1980b). Any of several other paraneters irdicative

of senesqence, such as protein Levels, nucleic acid levels (RI'IA an

DNA), nitrogen contcnt, Stonatal resistance, or ptrotoslmtlresis, may

also senre as nreasures of senescen@. For exanple, loss of proteia in

Leaves has been fourd to correlate with tJre loss in chtorophyll

(I.Iooddn arxl Leo,pold 1978). Chlorophyll loss is still, hcnerrer, one of

ttre nrst visible indicators of senescence in solbeans, and is a useful

rEasure if cross-cfrecked against other paranetes r*hen detennining ttre

effects of defoliation (jnjury) on solzbean plants (f,indoo arxl Xooddn

L976, Nood
t
en 1984).

It nalz be of both practical and theoreticaL interest to study the

31



effeds of defoliation on ctrlorophyll levels in relation to final

yield. Strrdies harre strcrvn that partial defoliation of so1@ns ard

ttre effect on finat yield is a fi.rrction of the stage of plant

developnrerrt r*?ren defoliation occlrrs. A specific peroentage of

defoliation before flcnrcring has less effect on yield ttran tJte sare

level of defoLiation dtlring pod and seed derrelopnent (fehr el, al.

1981). Severe defoliation (80t) in the R2 stage of developmant has

reduced seed yield onpared to mild defoliation (40t) , which increased

seed yield (!{cAlister ard f.rober 1959). It may be possible to

crrn:eLate chloroptryll increases with yield increases, or chloroplryll

decreases rrrith a g:i\ten reducLion in yield. Estimations of tlre yield

may be directly pnotrnrtional to changes in chlorophyll rrpon pardaf

defoliation. A practical a;proach for erraluating hail damage, in

vfdch npet losses to the plant do occur fron defoliation, may allcm

for estimations of total crop damage ard final yietd pnodrrction

(Teigen ard Vorst L9751 in relation to chlorophyll lerrels. the

preverrtion of senqscerce tlrough application of plant grorttr

regulators (i.e. chemicals) or surgical ard genetic npdificationsr rrey

also eveni:ually open a wdy to yield iryrorrcnents {Nood6n et aI. Lg7gl .
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